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APPENDIX D (cont)

PART I DIRECTOR AIRCRAFT

Obaerved Rll!.lhlluyu) Alrborne Rsllability Goal
{In_Per % In Per Con
baystam and G ¢ L T
Taats Phany Phrge®*e®
Relay Link Subsystem 93, % 9,82 96,28
Palycode Driver 98.33 98,80 99.41
Relay Receiver 1.80 97.20 98,74
Rxdlo Frequenoy Head 99,88 99,31 98,60
Command Transmitter 97.05 28,73 99,43
Relay Antenna Cuntrol Panel 100 99.78 88.90
Relay Antenna and Mount $0.58 99.57 90,81
Relay Antanna Servo Amplifier 99.86 98.38 99.27
Poiwer Suapply 100 96.91 09,08
Automatic Checkant 8 tem 97.92 96.44 98.39
Check Azsembly 08,81 88.51 09.35
Contral Panel 100 98,87 90,94
Functlon Irdicator Pane) 90.35 99.34 90.93
Selector Agsembly 99.25 98.21 98,19
Auxillary Subsystem 97.55 95.4¢ 97.58
GAM Control Panel 99,76 99.91 89.98
Light Contral Panel 100 90,95 99.98
Power Control Panel 100 99,87 09,04
Checkout Paunel No, 1 100 £8.50 89.91
Gheukout Panel No. 2 104 90.80 0D.95
Checkout Panzl No, 3 100 89,89 90.95
Junctlon Bax No. 3 68,88 89.71 90,87 5
Directionai Coupler 10D 98,81 90,86
Baro Adjust Panel 100 99.08 €6.99
Command Zero Panel 99,52 98.84 89.93
Capsule 99.54 90,08 99.50
Guidance Power Bhield 89,55 0044 09,75
‘Waveguide Swilch 89,86 99.98 B0.9D
Blowers (Twa) 120 29,98 99.98
Interconuecting Cabling 30.41 88.23 99,20
Dircetor Aircralt Guldance System Mise.® 99.08 2 e
Direclor Aircraft Miscellaneous System 98.21 93.§ 4 s
Missile Relorse Navigatlon Computer d
Subsystemn 98.68 43,38 97,22
Missile Release Computer 99.73 28,44 99.30
Misslle Release Computer Ampliffer Onit 80,08 96.24 98.30
Launch Panel 100 DI.B2 98.92
Offset Panel 100 09.82 5¢.92
Power Supply (A-1} 100 09,53 99,79
Fuss Hox 89.88 99.93 88,97
Hydraulic (GAM Assdclated) Subpystem 99,83 9g.84 29,92
Flecirical (GAM Associated) Subsystem 99.89 $9.92 99,97
** Field tests based on GAX Nos. 75 to 117 and correaponding Direcior Alreraft systams,
o> Egiablished (or airborne missiins using GAM Nos. 75 to 101,
#isv Ealablished far alrborae misstons uging GAM Nox 132-174 and 301-222.
Notes (1) Inzluded in these i ilisbility calculations were fatlures caused by hotion
&rrors, inadeqeats matntensnce, and inxdeqeale procedures, as well 1
by wrherent wareliability of equipment.
12} Tsxlairse syatem lallures which could not e pingointed to any one comporent
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APPENDIX D {eont)
PARTI MISSILE

Observed Ranabilitym Airborne Reliability Goal

In Per Cen In Per Con
Subsystem and Component gto £} J: Onarational
Teats Tesis Phase Phage***»
Fuzing System 100 100 0.3 99,7
-Pressure Subsyatem 100 100 $8.71 §8.87
Pressure Manifold and Tubing 100 100 £9.08 §6.89
Timers 10Q 100 99.98 99,98
Arming Baro 100 100 99.98 £9.08 .
Fuzing Baro 100 100 89.87 $9.84
Battery Box 100 100 20,08 99,88
Impact Subaystem 100 100 90.88 99.85
Contact Swiiches 100 100 [1: . §0.83
Contact Swifches © 100 100 89,87 88,84
Contact Switches 100 100 98,98 $9.98

PART I DIRECTOR AIRCRAFT

Director Aircraft Guidance S8ystem 81.06 74.3 87.8
Terminal Guidance Cantrol Subsystem 92.80 87.92 04,41
Synchronizer $8.01 88.88 £8.60
Synchronizer Panel 100 08.87 08.84
Range Computer §98.76 97.52 54,83
Altitude Panel i 29,88 98.89 58,95
Range Calibration Panel 100 29,73 99.388
Elevation Computer 89.88 $5.18 99,84
Dive Panel 100 68,82 99.92
Computer Control 29,63 89,31 $9.69
Junction Box No. 1 100 99,93 88.87
Power Supply §8.94 99.53 89.78
Voltage Regulator 99.78 99.00 89.55
Azimuth and Elevation Indicator 97,54 87.98 $9.08
Monitor Unit 96.88 98,82 99.47
Junction Box No. 2 89.88 98.90 98,81

* Factory tests based on GAM Nos. 75 to 221,
** Field tests bagsed on GAM Nos. T5 to 117 and corresponding Director Aireraft systems,
*#* Watablished for airborne misalons using GAM Nos. 75 to 101,
*#++ Egtablished for airborne missions using GAM Nos. 122-134 and 201-222.

Notea (1) Includéd in these reliability caléulations were fallursy caused by human
errors, inadequate maintenancs, and inadequats procedeires, sz weéll as
Yy Inkerent unceliubility of equipment.

{2) Cont ins system failures which could not be pinpointed to any one component.
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APPENDIX D {cont}
PARTI MISSILE

Observed Reliabllity(n Airborne Reliability Goal ¢
{In Per Cent) In Per Cent) !
Subsystem and Component Factary* Fleld** | R&D?*F Operational 1
3 Tests Tests Phase Phage¥***
-GAM Auxiliary System 85.10 88.13 93.0 96,8
Electrical Subsystem 80.37 88.87 94.74 97.62 )
Main Junction Box 99,87 99.63 99,15 99.62 1
Forward Junction Box 99,97 99.97 99.55 99.80
Servo Amp. Junction Box 100 100 99.89 99.95
Sequence Timer {Three) 98.75 100 99.93 99.97
Sequence Timer 99.94 989.91 99,98 99.39
LG. Inverter 99.72 89.79 99.55 99,80
Alternatar 99.89 97.55 99,98 99.99 [
Voliage Regulator 98.52 83.60 99.53 99,79 !
Umbilical Plug 100 99.82 99,93 99.97
Interconnect Cabling 99,52 88,84 98.07 99,13 i
Transformer Rectifier 99.94 100 99,96 99.98 :
Aititude Switch (Three) 100 100 99.96 09.98
Delay Timer . 93.94 100 99.93 99.97
Pressurigation System 98.98 99.90 98.84 99,93
Lower Fin Installation 100 100 99.87 99,54
Forward Installation 100 98.95 99.75 99.89
Warhead Installation 100 100 99.93 99.97
Center Installation 100 100 98.91 99.96
Aft Installation 99,98 99.85 99,96 99,98
Hydraulic Subsystem 94.25 - 97.54 98.62 99,38
Roll Stabilization Installation 100 00 99.75 99,89
Aft Accumulator Installation 99.98 99.81 99,87 99,94
Center Installation (Pump and
Reservoir) 84,27 97.87 99.62 99,83
Warhead Installation 100 100 99.98 99.98
Forward Installation 100 99.81 99,57 90,81
Antenna Forward Installation 100 100 99.82 99.92
Fin Fold Subsystem 49,82 89,38 99.46 99,76
Actuators {Four) 99,85 100 99.87 99,94
Hydraulic Valves 94.98 90.63 99,84 99.91
Solenoid Shut-Off Valve 160 100 89.98 99,99
4~Way Solenoid Valve 100 100 99,96 959,98
Bwitch Installation 10D 39.82 90,968 99,98
Switeh Installation 100 89,91 89,98 99.¢9
Restrictor 100 100 29.98 99.09
Tubing Assembly 100 100 89,81 59,96
GAM Auxiliary System Misc. 2) 98,98 94,58 -— .-
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APPENDIX D (cont)

PARTI MISSILE

Observed Rellabnity(l) Airborne Reliability Goal
(In Per Cent) In Per Cent
Subsystem and Component Factory* Fleld»* R&D*®e Operational
Tests Tests Phasge FPhage****
GAM Non-Emanating Guidance 08.5 98.8 98.4 29.3
Inertizl Gnidance Subsystsm 98.48 98.82 98.38 80.27
1.G. Accelerometer 99.95 99,84 99,98 20.98
Range Integrator 99,37 $6.48 90.60 96,82
Velocity Integrator 99.78 98.48 99.62 98.83
1.G. Power Supply 99.80 94,87 99.40 08.73
Dive Angle Computer 99.51 28,74 99.80 89,91
LG. System Migcellaneous 949,95 100 - - --
GAM Emanating Guidance System- 94.87 89.85 82.8 22.4
Unattended Search Radar Subsystem 95.98 84,42 90.80 95.89
R~T Unit - $8.87 98.80 27.01 B8.65
Modulator . 98,81 98.35 ° 98,29 99,23
.Bynchronizer 03.40 88.85 97.35 $8.81
8. A, and Synchro 99,08 £8.18 29,82 99,83
Directional Coupler 99.98 100 99.89 90,95
SV5D Valve $9,65 89.75 99.89 9B.85
8 A, Achuator 29,08 100 99,98 90,89
SV1l Vaive 20,76 90,62 99,89 86.05
Hydraulic Spin Drive Motor 98.57 90.49 998,98 90.89
Elec. Control Amp. (Pitch and Spin) | 99.87 96,72 98,80 90.46
Azimuth Computer 99,02 98,80 99,57 99.81
Relay and Command Subsystem 97.718 95.16° 92.40 96,83
Command Unit 99,24 §8.83 95.28 97,85
Relay Transmitter 100 97.18 98, 23 99.20
Relay Antenna 89.85 99.95 99,98 99,99
Waveguide and Dir. Coupler 98.95 99.95 89.84 99.93
SV5D Valve 89.94 99.50 98,88 99,95
Relay Antenna Actuator 09.98 100 29.98 99,99
R. A, Pitch Btabilizer 99.97 89,82 £9.60 99,82
R. 4, Pitch Confroller 94,01 99,84 89.53 99.79
Relay Antennz Synchro 99.85 89.90 99.98 990.89
Relay Antenna Albimeter 100 100 99,98 99,99
Emanating Guidance Bystem Misc.(z) 95.88 98.65 - -

* Factory testas based on GAM Nos. 756 to 221.
=% Field tests besed on GAM Nos. 75 to 117 and correspanding Director Aireraft ystems.
*%3 Faiablished for airberne misslons using GAM Nos. 75 to 101,

%% Established for aixborne missions using GAM Nos. 122-134 and 201-222.

Notes (1) Included in these reliability calculations were failures caused by human
errors, inadequate malntenance, and inadeguaie procedures, as well as

by inherent unreliability of equipment

(3) Contains system failures which could not be pinpointéd to any one camponent.
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APPENDIX D (cont)

PART 1 MISSILE

Ohserved Reliabilityu) Airborne Reliability Goal
{In Per Cent) {In Per Cent)
Subsystem and Component Factory?* Fleld** RE&D¥** Operational
Tests Tests Phase Phage*¥+*
Flight Control System < 96.58 85.08 94.1 97.3
Servo Power Subsystem 99,55 99.39 98.89 99,50
Servo Power Supply 89,55 99.39 98.89 ' 99.50
Pitch 99.12 98.86 98 - 99.35
Pitch Accelerometer 99.91 99.85 90.98 £9.99
SY3B Vilve 99.89 88.88 99_89 98.95
Pitch Command Modulator 89.72 89,76 99.64 g90.84
Gyro Cathode Follower 99,83 00.96 99.80 99.91
8V pilot Pitch Amplifier © 99,67 90.68 99.44 90.75
Elevator Potentiometer 89.97 100 99.98 99.99
Elevator Actuator 89.98 29.80 99.98 99.99
Altimeter 99,82 100 99.98 88.99
Altitude Contro! Demodulator 29,85 100 99.87 8998.84
Yaw 90,28 58.72 98.82 09,47
Ruodder Potentiometer 99.85 99.66 99.96 89.99
SV5 Valve 99.83 D0.88 99.8% 99,95
Rudder Actuator 100 99,93 99,98 99,99
Yaw Gyro 90.72 99,89 89.83 89.97
SV Pilot Yaw Amplifier 99.91 99,96 99.42 49.74
Yaw Accelerometer - 99.99 99.55 99.98 99.99
‘Yaw Command Modulator 99.82 99.84 99.64 90.84
Roll 99.11 D8.66 98,96 99.53
Aileron Potentiometer (Two) 99.88 '99.93 99.88 95,99
Aileron Actuator (L.H.) 99,93 100 98,98 99,99
Aileron Actuator (RLK.) 100 100. 98,98 99.69
SV5 Valve (Two) 99,70 98.00 99.75 99.89
Roll Rate Gyro 89.91 100 99.93 98.97
SV Pilot Roll Amplifier 89.70 99.72 99,33 - 98.70
Stable Platform ' 90,46 99.36 28.76 99,44
Stable Platform Pitch Amplifier 99.96 $8.80 9¢, 51 99.78
Stable Platform 98.87 98.88 99.66 99.85
Vertical Gyro Frection Amplifier 90.~3 99,88 99. 57 99,81
Flight Control System Mise.(2) 89.86 99,96 - - -~

78 5 yﬁk
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APPENDIX D

COMPARISON OF OBSERVED RELIABILITIRS AND ESTABLISHED RELIABILITY

GOALS FOR TACTICAL RAHSCAL BUBSYSTEME AND COMPONENTS

PARTI MIASILE

Dbserved Eallabim.yu) Airborne Rellabllity Geal
In Per Cant In Per Cant
Subsystem and Componant Pactory* Fii = A
Tests Teats Phase Phagesrs¢
Propulalon 82.90 75.19 0.2 96.5
Nitrogen Sabsystem 100 $2.68 98.27 $9.22
Ng Flll and Jettison
Relia( Vaive Insizllation 100 100 £9,91 98,68
Regulator Package Assembly 100 98,07 90.44 88,75
Tube Bundl= Installation (Three) 100 5.49 99.13 98,81
Aft Bomber Compartment 100 100 28,75 94,88
Turbine Pump 82.80 82.59 817.01 88.85
Drive Assembly 93,84 98.47 99.63 88.79
Gas Gaenerator Package 88.25 86.97 26,09 88,14
Power Contral Cyl. Assy. 100 100 89.98 80.88
Cable Assembly 100 100 990.88 06,85
‘Turblne Pump Miscellaneous 100 B6.87 968.76 90.B9
Thrust Clammber 1oo 98,47 $8.28 99.23
Thrust Chamber Asgy. (Three) 100 100 08,78 98,45
By-Pazs Valve 100 28.47 20.84 89,83
Thxust Chamber Hlunglhnaaua 100 100 06.86 89.85
Engina Miscellaneous 100 96,87 98.01 80.10
Exhaust Duet 100 100 99,08 88.p8
Start Tank FIL Valve (ﬁree) 100 100 29,91 85,96
Drain Valves {10) 100 100 89.82 20.92
Seuence Coatrol Assembly 100 100 99.37 2,72
Electrical Harness 100 98.47 98.17 $9.863
Engine Miscellaneous 100 98,47 89,75 48,88
Missile Wnatallation 100 100 09,87 99.24
Missile Inslallation 100 10g 99,87 09.94
Propellant Storage 100 94.03 98,51 99,38
Oxidizer Tank Aasembly 100 100 99,40 98.77
el 'hnk Assernhly 1o 98.47 88.40 99.73
Pr d Miscell 100 55.48 80.713 99.88
Prop t Fuel Miscell 100 100 99,88 90.95
Propulsion System Miscellaneoust?)| 100 98,47 - -

SRS

Notes

+ Factory tests based on GAM Noa. 75 to 221.
= Fleld leats based on GAM Nos. 75 to 11T and corresponding Director Alrerafl systema.
*%+ Ralablished lor airborne missions using GAHM Nos. 75 to 101,
‘Eslabiished for airbarne miasions using GAM Nos, 122-134 and 201-222.

maint:
r.uxbﬂny of squipmeént.

e, ad |

[6)] lm:lud!d in thexe rellabllity cn‘h.ulxixonl were {zilurés caused by human arrors,
quate procedures, as well aa by Inberent un~

{3) Coninins system {xilures which eoukd vol ba pinpoin{ed 16 any ome comjponant.
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APPENDIX C

LIST OF QUARTERILY RELIABILITY REPORTS PUBLISHED ON THE

RASCAL WEAPON SYSTEM

Bell Aircraft
Corporation

Report Number

Name of Report

Date of

Publication

56-989-101
56-989-102
56-989-~103
56-989-104
56-989-106
56-989-106
58-989-107
56-989-108
56-989-109
56-989-110
56-999-111
56-989-112
56-989-113
56-989-113%*
56-989-114
56-989-115
56-989-116
56-989~117
56-985-118
56-989-119
§6-989--120

* Supplement

Project MX-776 Quarterly Reliability Report
Project MX-T776 Quarterly Reliability Report
Project MX-776 Quarterly Reliability Report
Praoject MX-776 Quarterly Reliability Report
Praject MX-776 Quarterly Reliability Report
Project MX~776 Quasterly Reliability Report
Project MX-778 Quarterly Reliabilily Report
Project MX~776 Quarterly Reliability Report

- Project MX-T776 Quarterly Reliability Report

Project MX-T76 Quarterly Reliability Report
Project MX-776 Quarterly Reliability Report
Project MX-176 Quarterly Reliability Report
System 112A Quarterly Reliability Report
System 112A Quarterly Reliability Report
System 112A Quarterly Reliability Report
System 112A Quarterly Reliability Report
System 112A Quarterly Reliability Report
System 112A Quarterly Reliability Report
Syatem 1124 Quarterly Reliability Report
System 112A Quarterly Reliability Report
System 1124 Quarterly Reliability Report

-

28 February

31 May

31 August

30 November
28 February

31 May

31 August

30 November
29 February

31 May

41 August

30 November
28 February

15 May

30 May

31 August

31 December
31 March

30 June

30 September
1 May

1854
1954
1954
12564
1955
1956
1955
1965
1956
1956
1956
1956
1957
1957
1857
1957
1957
1958
1958
1958
1959

TIA
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Report Nu. 56-989-120

APPENDIX B (CONT)

Calsgory
Director Respousibility ol Cruse
GAM Afrcrast Type of loy Cawie of of

No. Tate Number Flight Fzllure Fatlure Obszervad Rezults Causs of Fallore

113 13-38 188 Abort Beil c {1} Avtamatic cheokout | The tima base l('pptx .'lh:li (K-OH) in
system slopped xt the direct:
the 0.4 KC check. would sol raset; defective.

Hon-Bail A {2) Unauilsiactory 5- Ground radar witieulties.
band beacon
dastruct,

113 §-1-58 346 Launch Bell B (1) Ho video dlsplay Autonuatic gain contral problem in the
during prelaunch; UBR ayslem due to flighl over water
widslic launched COUrES.
on inertist guld-
ance systam.

Nar-Ball A {2) Afrburst Inatexd Incorrect wirlng in clrcuitry 1o warhead.
of planned ground-
oursi.
Note; Buccessiul
inerdial flight,

114 7-25-59 346 Lauach Ball (o (1) Satfafactory pre- Numerous checks wers yun on director
Taunch; no relmy alreralt withou! pinpointing the problem.
link retabllshed # sticking wavagulde awitch was found
aftar Inanch, later which may have caused the problem.

Balt B {2) Mo video dlaplay; Automatic gain control problem in the
wiseila reached VBR mubsystem due (o {light over water
. {argel ares on couree.
inertisl guidance
aystem,
Hole: Fucceashil
Inertinl iight.
Non-Bell A (3) Atrburat instead Incorrecl wiring in ofrenitry to warhead,
of ylanned ground-
burat,

115 8-22-58 187 Launch Non-Bell A GAM becxme unsiable Hydraulte aystem fatlure suapecled be-
Immediziely aitexr cause of leaxxge cbxerved prior to take-
lsunch following satla- 1,
factory prelmunch

= operatlon.

116 8-16-58 187 Lauwnch Non-Bell A GAM bechma unsipble Attribuied to Ve losa of the roll rate
at tmunch, gyro afgnal, based on computer tastn con-

ducted after the light,

117 11-25-38 168 Avort Bell c The avtamatic chock- Mizalle did nof transfer lo internsl power
qul aystem stopped at or phase ""A' power waa los{; probably
function No. 10, dus to miesile allernator or Voitage

$ reguintor fallure,
Note:  Dafinltion of Gategorics of Gaunes for Uneuccenalul Mizslons
Caiegory A - Inadequate milltary f(ield maintenance, range auppor, and fleld supporting equipment.
Cgtegory B - Inadequsie Contraclor P 128t pr th and technical support, 5
Culegory C - Equipment faflures and 1bl | tail { Unreli=bility).

5
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ARPENDIX B (CONT)
Calegory
Direclor Reapoasibilily of Ciuse
CAM Arcran Type of {or Caure o ol
No. Date Nomber Fllghl Fallvre Fallure Obsarved Results Caues of Faiture
e
108 11=10-58 187 Launch Noa- el A 4 GAM lad off course p y due fo
xalisfaclory, Immae an operalor asvigallonal grror or a falle
distely pelor lo diva, vre of the K-4 aystem.
migslle waa reporied
ouluide Ibe yafely
rarge Hmit and was
rueied.
109 §=23-58 185 Liunth Hon-Bell A Prelaunch operalion Oxidizey starvation of the yan geseraior
autiefaslory; rockel duz {0 the fagt Ihal teat peraonsel did not
k esgloe abuldown zt change {he gyas yenecxtor filler a8 recom-
approximalaly 100 mended by technleal represeniativen,
seconda aller Jaunch,

110 B8-8-38 165 Abar} Ball c {1} Loas of search V=813 [nihe spln drlve 2mplifier appeared
arlénna ay o be . A mioter and
ixulion and 2 head- valve werp replaced.

Ing marker shift.
Xon-Bal} A (2} ¥o S-band beacon (IR-27 (IN&T) was found to be reverwed doe
trasking or e~ {0 [x]lere to delect Ihis discrepancy an
atruel sipnal, previove compatibilily test (8-4-38),
Non-Bell A {3) Intermiitent 1~ Qrouad radar frouble; powar oulput Jaw,
band bereon dex ¥
struct checim,
110 10-E-58 s Abori Rea-Bell A Misalle woutd nat re- The rigglig of the CAM release aystem
leasz, elther aviomat- in lhe dirzcior airorsdl was guf of adjost.
Igally or menuzlly, menl. The mimsile accidentaliy released
17 acconds after lurbine ahutdown.
i 3-28-38 348 Abost Hon-Bell A Afrcraft hydraelic A serewdriver waa thrown Inla Lhe whes)
préessuce was lost, wall during takeali and punclured one af
5 Jhe hydrawlis Jias, Mlezile wan Jelf-
rosad for crew mnfely.
uz | 2.0.3 848 Abort Nan-Belt A Avlomsilc contral Yaw command sera poimnliomaler end the
wyslem stopped 2l yav D.C, amplifter baixace wars out of
sur{zces newlyal, adjostment due ta insdequale malntenance,

12 B-79-53 187 Lauvach Non-Ball A %) Difficulty $n tuwn= The lunlsg meter wis pegyped rdue (o g

¢ iag the relay te- deleclive or damaged Coaxiil cable In the
cedver during direcior afreradl.
prelaunch; miz-~
xlle tavnched on
[nertial guldanes
fystem.
= Belt )13 (2) The CAM brcame Tushloe pemp cavitation cavaad by Tme
vnstaile 10 sco- proper dralnage procedure.
onds aller dive;
- recched 2urxel
- area.
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APPENDIX B (CONT]
CMegary
Direcior Responsibilily of Cuuge

QAM Alzerant Tyea of for Causa of of

Ho. Dale Hurber Flgh railore Fallury Obsarved Resull Causa of Yallurs

103 9-24-59 a8 Launch Nea-B=ll A 5o divestar abrcralt A lazhing chack velva (Ecsi=g suppilad
mageatron curreat I ihe difector slroradt) persilisd Ihe
urisd prelsumedi| pressure Ls tha Irurawsiiler 1o drog caus-
imlsalle lsynched 63 Ing aa (narmal sre-over lo the rommand
loestial quldcace 1 o
systemn,  Flighl on
“pgrilal puidasce*
ws wccysaful

104 1-6-3% 1] Atort Hon-Beld A (13 1RCA dvg {ime Operalar 1ooi lme {rom "sstanny, Ka Co”

wEs 180 sevonds Irght lnsins2 of lbe “1.G, Blari! iighl.
|nstasd of (20
wcondd,

Now-Bell A {3] K-system sinbil- Falure of alternaloz Ln director Rircral.
Izer wnll xppaared
(o tymbly wilhzay
alight tara.

104 11-18-88 188 Launch Bell p: 1 {1) The USA AFC Procedures were 7ol adequate foruse of

would rot [sck in AFC on the Eglin rsogt.
durlag prilazuach;
misslle bunrhed
04 tnertial guia-
mee aystem,
Bell [ (2) Lows of primary Presumed {o be the misslle xllemnator or
powsr 1 97,4 pr- [ voltege zequlntor.
onde altey Wrnch,
10§ 1-27-58 b1 Aberl Hon-Bell A {1) dlwgeiad suzirn Detestive nydraolio pumyg In dlrecior adr-
TEEpOIELS: arafi.

Ron-Bell A [t1] Alfltude quMta 4 fea-
Irack clreuft woald | pitfylly wax misrdjusied,
et cparale prog-
arlys

108 2-17-18 163 Lawnch - ) Saczenalul. -

106 1-1e-58 185 Abort Naie-Bell A (1) Ro S-band bexson Locae plug 1n selecior it due o im-

deatiuct aignals proper mainlenance,
vecelvsd,

Hon-Bell A {3) Misalle xelense A dexlgn problam In 1he mlaglde releass

com- sysam {AC Spark
paler wre 13-18 Plug 2quipman),
olles off,

108 1-17-%8 165 Abgrk Bell B Turbine shatdown A power plunt by-pzes valve was Ina
artec 1.4 sgconds ol closed poaition fuz to intoreael Lotque
oparatia.. on oxidizar ald= vetalner 1 a resvll of

in |nadaquute Technleal Order.

108 3-24-53 M5 Abari BeMl B Np [slemmal power. X+9 refay was op~n i bolh the znerglzed

and noa-cnerelked Yoallion Gus in on
= Insdequate Technical Order.
108 4-18-53 165 Liunch Hon-B=1l A Yo change in mlxslis Unkrown — tul 2 major change wan made
- wiflude and xa rickat 1h the mxin *\y* box priar i fiight and no
Hirg ptixy wailsfactory zompod e were Tun helare thin (ilghl to
prajacnch, vexliy thak the clrcufl was spasating prop-
i erly, X-& reswy did not aciuale; mil Tuck-
out alenal was rt remored.

wi | 5-10-58 105 Avort Rar»Boll A “itztucbing ahst govn | Nuh wales content In the a2fd (oxidixer)
riter gyro uncage. duz to inadeguale mainlenaace conixol,

161 &-1g-38 183 Lauach Ball B Ho poul-launth modu- [nadequele AGC ln ibe V3R duz to the
stien {vidao} on the weapon syatem 7ol Maying been chacked
snrrfer frequiney in cul ovar the actunt wates bxxgel Aves,

e dlracior alrerafl, fnadequale sahg procedire,
FHgR oa Vinsriial 3
puldunce® waa xuce

- cazafil.

108 | 8-13-: 185 Avort Hon-Ball A No fremal pawar Defeciive missi2e allardalor; coused by
chesk Jugt. m);‘oper {est cabls ured duriny previonn

ght,

102 5-21-54 $LLY Abort Hea-Bell A Chapgeover from ex- A zialiunction In the sujomulic heckout
Lersa$ |3 Internxl aymaza &ue ko Inedequalt maintenance
power occurred jei2, cenlmol

108 5-28-58 165 Aborl Hen-Bell A Furbine dld vot fire. Gra peneralnr chamber preasvre awleh

wid shoried (n 3 ¢lgaéd poalUiog, Posl-
fignt avalustioa [ndlcated fuifure prexent
priar Lo inkeoll,

108 | LD-1T-58 w3 Abort Ron=Sell A Surdaew cenley Hght Toll amphifler a8 ol properly seuted,

: cuu)d o be obiajred, prouably an Ure zesult of & luby replace-
Belh AlteTans wers mant 4 days eaclier. Inusequals maln=
hard over. 1sasace eomiral,

108 10-26= 18 187 Abort Non-Be)l A 12) Astomulie Chéek- TFalture (4 the Rasla R-syslam wiing,

out Sysem stopped
2L Fyro uncage.

HonvBell A {2) Intexnitenl A= Galn polzallomelss R-119 24 the desyucior
calftws pf B-bend wszambly wae ot of adjustaveal Sua lo
beacon desizutl mafenancs ademiacy.

Y parin.
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Cutegory
Diresiar Rasponsibitily o] Causa
OAM Alresit | Typeof | for Caum of o
Ho, Tais Homber Yight Falfure Fallue _Obsarved Remvits Cuuse of Fallure
102 1-21-%8 bl 43 Abort Hon-Bell A 1) Blvoxlng presen- A realator In dhe high=voltige supply had
{ution 00 1he axl- ureed lo ground, maused by udequale -~
sauth and elrvation | munlansace coatrok
indicalor,

Bell & {3) Norcantrol on the $Y3 wbw (Y-2113) opwee {lament, Ba-
relay receiver slstor 2153 burasd cab, BAST lude
taning. (V-1119) (coae bage,

Hoe-Bell A (3) Weak s=d Infer- Delretive eoaria) cable from the "L* dand
millanl interroqul- | Byacon anlenne.
Iug aigaal, .
Bell < (3) Conmand trass- Dalictive magratvon,
, willer Wagnleen
adlentlon way one
hall of one sef-
rest,

102 3-17-38 pLE] Aod Ball B Loax of hydraullc “The hydeasi|e pargp bound Zavaing (be
prassurs $1.3 szconds pump shall [o chaur [conricon axisted
afer furdine Ilre. prior In Launch),

102 11-1-58 183 Abort Bell (] Lona ol video & algaal | Allemator/vollage regulstor belfeveil®,
atrenglh, T/M recep- e cauxe 9! fallors.
bloa & (15 phase “A"
pover. Phrzs VAY ele-
cult hrvader WS gl

108 | 13-11-: us Abord Hon-2all A (1) Béreons wera Drylgn problem In Alr Foree equipment,

migtriggering sl 2-bend bescon roquired modilication.
o4t zoptinsausly
=t iRt raage.

Ball [ {3) mtermitienl comn- Improper sperjdlon of AI018 mugneiron,
rusnds.

Rell c {3) Loas of commend Send, [rom detatESve domipay Jond, was
ek, Tound In wavegulde switch,

Hone Ball A {2} Urshix i plck vp Rusge suprort prodlem; aimpoint taryet
largel in peope. wis pR latefled oo range.

1m 1-8-58 38 Abrt Hon-Bell A {1) Fo “3"-tasd bea- Fuulty growsd sallpa equipment.

£an LIACRIAg OX
dastyye! sipial
Irom rasge.

Bell c {1) falermiiltent iuss Condition would nol Tepaxt sn ground, bul
of Xg markan chuse wis tliAved (o e in indlestor,
axlmuth and e~
wallon Indlealar,

103 | 1-10-58 48 Avart Hon-Sall A {1) The smlamalic Frobably Improper sdfasiments, Not x

chechul nyatem propuleion syslem malfuaelion,
did ool give 2

"rockel resdy"

Tigity

Bell B (1) ntermittant loax Probler wax bellursd (0 be th aximath
of Ry mark on and alevation indlcuor; component was
ex(ntoth and ale- Tepleced.
1foa Indlealor.

0y 2-1n-28 e Aoort Non-Bell A Ho Indiestion of lux- Awlxe In ditecter paule was brotan
hise flere due {o impreger milmentace,

108 | 2-17.58 K Aboct Balt B {1) The Rg mark Iacocnect slipiment of the T.0. Synthicn-

would not ove s | Tzer due to adequile orainlesance pro-
The tracking handia | cedure,
was moved,

Bl B {2) Turble ahwt down Chromie acld froaen in aymem, The aya-
ter 1.3 seconda tymn had been Segroparly (leshsd xfter ©
of apartica. previoun abarl. Tark bleed valve was 1e-

phcyd,

1 | os-ir-sa L] Abort. Hon-Hell A (1) Director Alreran Tefeclive hading gear machanim on

<could apk ratracl nB-41,
& the catelgyger
whizls,

=0 B (2) No video, The X-208 relsy wis ppen dve L0 an in-

ndaquale procedure.

308 | S-24-5% 128 Awr. D2l B ° | 7be aclomalic chacke | Unknows atime o2 Jighe {(see abost of
avl systers slopped 05 3-21-%8 balm). Turbine arquance son-
“alemnal-power™ |rol xsserably was rapiaced teenuee of

[ ebask, ahert In P-75 ecasetind, Howivar, thia
wag not coruidared 1he True caune of
1he Ialinre.

U] 1-28.4 23 Avort Bell B “Th= \urblee would nt Tmpyuper areasuritetion ca 1o A defec-
start, lrs ek alys,

103 §:39.32 Ise Abort Nan-Belt A *-band deatruc] Ditf(cullles wiA cange suppor] zqup~
wlpnals ware act re- el (Growd Station A-13].
cetred.
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APFENDIX A (COKT)
Calagory
Diraclor Basponmlbility of Cause
OAM Alyessft | Type ol | for Caiam of
No. Dale Number Fligt Fallure Fallire Chasrved Rasults Cauay of Fallura
o 10-31-57 %0 Loncd Dalt A Miss§ia suUCTaYed tive hnpﬂlnl by-patn yalys [alled o close
and amglae cOmpart- 434 prodabis (usl Jask dovamixesm of
wenl exploalsa al Boon Mo, 1 propeliasl veive d. 3 b Ju—
rockH fire. aduquala checkoul prisr 1o flighl. In-
vratlguiion {saicated that pordous of
el wase 63U alica
fNowa os Ixst day sl
R&DN programs. Thia [alure probably
ramzlisd {rom x yeajdua) illure troal
am sarlier abart.
97 | 8-18-5T am Jaunch - - Bgccesatul, ——
98 10-4-37 e Aborl Ball c Ka 5" matar resd- Yoltags regulslor tubs (ailed In the di-
Ings, yaglor 2elay recelver power supply,
21 10-9-57 a0 Lavach - - Sucewasful,
] 2-36-57 219 Abari Ball [ (1) ietermitamt com= Faulty AFC\MII (n the oiwslle relsy
mend condnel. frasamit
Bal) c {3) ¥o regpouse In Faulty :nmuundmhn In he misalin
USR “Ca" com« | commasd unlt,
mmad,
9¥ 2-27-57 2 Atort Nos-Bell A K-syats=n problanm, Yaully tube in the APE-23 modutalor.
99 10-3-%7 B Abort Bell c ACSE falled (o relesse A crushed sad partlally sboried wjrz In
misslis. 1b& cxxrier ACS powar npply.
s 10-2-57 219 Aborl Bell < Lona of video. A genettva ruds (§ALS) (n (e miniile
USK aynchromisar,
”» 10-16-57 20 Launch = - Heccenatul, —
100 10-11-57 210 Lausch = - Buccrautul, e
1ol 10-25-37 220 Avort Beill c (1) Poor video, no Improgar opsration of Ihe ALOLS magne-
canmand comact. Lron. o
Bell ¢ 4 {2) Bolb allarons . Snuried M87 (V-50) (ude |y the ealseile
bard ovar, Toll amglisier,
101 | 10-39-57 10 EAonch Bl c {1} Excesatve climb Lack of output from the missile pitex
=gle, culhode fgllower clrrull.
Bell { ] (3) Miszile ahuldown Lasu of misaile prime dlidrical pwer,
ab approximilely 48 | Dwaign Inddequicy, Allernator and valia-
a0, Mewr launch. wge repulator prcbinm was rewtudied &t
lln Altlluce, Ilﬁhr wlloratton,
Nole: | Delinlilon of Calegoriex of Cruses for Uraucceseiol Mlanfons
Calegory n - Ield =nd | =L‘hr] Fange lvmrt 1ad Iield supgariing ervipmenl,
Category tenl wh suppart.
O-(-[nrlc ~ Xqupment blhu- -ml posafble wquigment fallures {Aarest Uisestzannyl,

71



http:Ul\,lucl:u.hd
http:rutJ.&l.ly
http:n-.l"-l,.uu
http:rt.llv.rt

—_— - — e iy, it

—— ————— -

B E L Wm’/; COAPIRLTION

mn

i e
=T < -

AZONFIDENTIAL

APPINDEX A {CONT)
Cuegory
Director ey of Cuuns
0AM Alrcrad Tyye of Tor Cavae of o

¥o, Datr Nyml Fligh Yadlure fllare Obesrved Ausulle Cayse of Frilura

[13 14481 e Abort Ball £ Low N scurce prea- Fullars 4 Incorpazraty modillcation (ne
e, TisALE maln Josellon box clusad ersoee=

gus recdlags from an Ny source privvure
e,

" 1-16-57 e Lawack Ball A Impazt 3.9 milen vast Urovx\or erzor 4id ol follow procadire.
of faryet,

35 4-8-57 an Abort Hoo~Ball A PPL presentalion sr- APS-23 syachronizar ixlury
Toodous (0 as(mith,

15 | ddpesz 210 Lausek - - Succaenfud, awns

ar $u0057 =0 Abort Koa- Ball A Sandla Sandin faltore,

Problem,

k3] 5. 12-57 a2 Cavath Ball Tlhighl arratle at ap- Electrical voltage fluclustioay caussd
prox. |30 sweoe g 2~ GAM Iature. Lalogslory lesta AtUr
tex- Jaeh, GAM 50 fitght Indicaied vodage Nucimas

A tima could be duplicated Lo ibe GAN
vollage remvlsior, Hew Jraprovad volipee
repulAtor effactive GAM Noi. 89, 94, 98,
94 and subseque:
B¢ L& 8l Fit Ator( BeD) ¢ Q) Nn na-mnmd £oa Hrrcior command tramamuter falivre,
See tnal [UgA on T-1-5T.
Noa-Detl A {) mlll wWhrhaad Sandla squipmezal Inflore.
yroblent.
s 1-L-57 a3 Laaach Tell a Loan ol cummand Garrler comroasd tranemilter Jedlure ~
g grac ulipplng oo huf due l03
oose merew, Garrs requited planing,
L4 §+30-57 220 Avort Bell e Loua o2 vldqo, Arclag of DBR mumatron. Dwdigm -
adequacy; R- 1M rasistor changed [roo
25010 130 ohms,

n | o9-2-51 220 Lawch Bell B Operalsd xuttafactar- | Taproper luba In he IRCS gower supply
1y for-1N.2 sxconds canase 1 1iut ul af Rude.
2Ner which an tlee-
trical Jxltvra anvl
down the power planl.

0 | 2-10-57 345 Lwmth Bl 4 Lou= of power with Elretricd voltage fusiuatioss sassed
Bubsequent migalle OAM tallupe, Ladoratosy Lssls tadicalad
ahuddowr aL 78,9 ses- voltage floctuatives could by duplieated
onds 2fter trunch. by a [2flure = CAM vollage regcialor,

New (mprevad vailage reguinler alfective
GAN Hos, 18, N, ¥%, M =ad vabsagien,
a 1-1-5T 220 Awmrl Ball c Fo cormand contzzl, Intermittem exrrier ATRAN mlennk -
-| trol. Deleetive synchro T-1504.
o 3-1)-533 220 Abset Bell -3 {1} Sutearmz=l inlesile Impraper mlusllx L-band benron apera-
‘L-hml bascon tlon; fnully antemse.
r: %
Bell c {2) Intermitient mag- Ialarmiilent magnetcon cucrenl wben &
aEtrax eurrani, 43" ¢ighl egemand waa lnsgried bn (be
' currler polycode driver. V104 would rat
cul ofta Marginel cireull corrected.

21 EEETT 1 270 ‘Lauach Ball e Jmpacl shael of tar- Drife [n Wrectur 2rzrafl casqe compuler.
et Realsiors were nof sulticienlly xtable,

n 8-20-57 MHy Abon Bell [~ m .I(Irllnll decods Improper spexailoa of ALOLE magnetron,

and [ocksin.
Beld e (3) lnteromitent rolee Bex00a nojse and antanpa 2aMe IN[eMing
fjte L-band baxcon fandequate, -Probable sontribitlon fa
trackieg. prodlem by grousd iracking station.

1] §-20-57 s Abort Bl e Phaae jumplag on asl- Dafective wisslle wimelh comaulax galn
mulh 2ad alevxtion polesifomaler. KI1D[ wis folly elock-
Indicalor, wise. Lockmd not Hght anid "O™ ring tes

teriocaled,

2 T1-57 us Lavach Dell e MLgR11a bacs ma ws Mlsatis hydvaulle fallore — alr sespige
alatle ul 238 seconds l;\m alr xida to oil slde of aceumalslor

1 —xnch, Inade ® Seaign. Haslers were
l&dlvﬂn all xxd x1r snda of the Ry~
draylls secomuleior, affective g GAN
He, 300

be 9-28-31 220 Avorl Bell a Hutdlog macse  enbe © AM UER aenak bebble xad eoal Tesips
lems, and xxlanea oul of pyncheonization.

" 1.9.57 120 Al sall (3 L-ban€ beasos trick QA L-band beacon Iriggered duy (01n-
Toat, 1¢Harande radistyd by the Ssadis equipe

manl sad ploked Up ox B L-baad betcos

118 9-11-57 a Laur - - Svccemale), anienan sgies, Defactlve beacoa.

o8 9-30-37 b2 AtoR Joa-Betl A ra;d’bksl oot awiabe Targe J0pgory geblem,

LabanE.
¥ 19-3-47 * o Abort Bell c Power plist shuldowm. | Overstemperaiure teadilivn ia gower
plaat caugrd by gas generalor mixters
ralio Teing o tow of Hs apac.

1 10-12-57 ne Abagi el c Powes plini shitdawa Favl tase preszute malimelioc Inaul-
apirox. 115 Soctnda Helerd (nalrumentalloa preciuded pia-

’ aner torbles lire, polriing Mz diseripunl sompoterd, Lotl-
5 Ienck {epilag disclost no malmetion.
% 14.20-80 s fdori Beu c Terbin isled (0 axms, | Fared rusiacte of s Ny jatleos reiay

caased gealy Tosr ol N, preswrr. M
pexvepting 2rm slyeal [roar fecking
seqessas
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APPENDIX A (GONT)
Caegory
Dreclor Responallillity of Causz
GAM Afroeaft Type of Tor Caure of ol
Wo. Date Humber TFlight Falure Fallura Observed Haqulls Caese of Fallune
(1] 5-23-5% bivl Abort Nown-Bell A (1) PO[ marker roiat- Deleclive wiring in Boelng B-4T alresefl,
Lng.

Nogz-Ball A {2) Carziar relay 1n- Alr [n {he Boeikg B-47 afrerall hydraulle
lennu gould nct be syskem, &3 to {nadequate mainlensnce,
extendad,

Bell ¢ {3) Excesnive poisz on | Discrepanf carcler relay receiver,
lhe azimulh and
X elevalion indicaror
dizplay.
80 5-28-61 219 Abort Non-ell A Carrier relay 2nfenne { . Tho sequence valve zctuator oa the Jeit
covld not ke lowered, relay antennz door was improperly ad-
Jusled (Boeing Be47 wroratl equipment],
ap 8-4-57 Fil Aborl Hon-Batl A PDI marcker rolaling. Defecilys wiring in Boelng B-47 afrorail.
8o 5-12-51 220 Atort Non-Bajl A Electrieal fallore on Faflues fn range suppart, No zlectrical
base, pamer on AF base.
0 [ 51031 220 Aborl Bell C Miszlte s2lay magne- P of AlDIG
tron hard jo staxt,
BG 8-13-51 20 Launch Beul ¢ Aange safely uificer Tooperaiive miexile S-band beacan. Pro-
deatyuctad minnlla cedure revlisad lo check bascon ballery
18 secands =iter 24 hoara prier lo lawnch, Range salety
laench, poliay baing reviewad,
aL 12-12-36 209 Abort Bell c Yaw gyzo iatled to Minslle yaw gyro caglng mseclanimm In-
uneage, apersllve, Tmproved gyro cffeclive In
C.AY Mo. 35,
84 12-11-38 218 Abort Ball c (1) No right wid cltmb Shorled lantstum capacitor {n missile
ights, pitck command modvlalor. Crpacilor
Irowt defactive vendor lot,
=il B @) lory 4 Bl .
dzoude and loek-
(2 12-30-56 ne Abost Ball A Fovideo on PPL Pinched lament tead of Y515 I the cax-
zier animuth and elevalian Indicator due
{a inaufaquile malnlanrice by geotnd
srewa. g
Bk 1-7-81 ug Lwwach Bell | Hydraullcpressure Miralle hydraulic stalem fatlure due o
loss 3l 9 zeconds 2i- i (& malate  ace Pro-
ler launch resuting (n cedure foT check. .f Recumulalor precharge
toxx af not
82 11-29-88 | a0 Lauaeh Bell A Vidan aeniact last - ] of A1016 inag
ter launch. 1n x&ditlva to high fallure rate on thia
lube, precautfoniry malalensnes ingtrue-
= tlons wers inxdequale,”
83 12-17%-56 120 Abart Bel c Turbing fasted ta Inoperxiive misxilc meletran swilch,
atart. Tnadequalx dealgr.
0 £2-30-58° i Abarl Bel) c Commard gonlact Qpen Klament on 4FRIC lube h cacrier
Jogt, command branamitier; operated at fo-
proper (ameal vollage,
83 [-4-51 220 Abart Non-Bell A (1) Loss of commual~ | Fallure In range support — VHF dilti-
eatfons on busz. cullles,
Ball (< (2} Air prassurization Pressure [eaX ol carrler cefay anftana
prolem. maunt due Lo a cracked wave guida.
83 1-7-59 220 Abort Ball c Yaw gyru falled town- Mismlle y'u: gyro ciglng mechaslynt [sog-
eage. antive, Improved fyro effeelive on GAM
Na, 95,
03 1-14-57 2720 Abort Ball c {1) Azimuth and ple- Excesalve backiash @ lbe gesr * unal
valion indlcater the miselle aelmulh computer.
display ahiRing.

on-Doll A {2) No awezp on Lhe Defective wivlog in Baeing B-£7 alreraft.

PPI I APS-23, -
%3 L=18-57 220 Abarl Ball [+ Miaslle tomal power |  Short clault in miawily voltage rapudator,
last, Deelgn (nidoquile.
33 1-34-87 210 Avorl Mon-Bell A Rang - gufsiy problam, | Fallare 11 range wupperd Hem,
83 2-3-37 e Abon Ball 4 Ro Inle nal power Defeclive relay in tha missile vollxge
cheek, regulalon,
83 2-5-51 219 Aborl Ball c Prasiure tagulalor Misajle power plant regubunr package
malfonelx 4. outpt high. Tetter desspm becune offecs
t1ve oo GAM Hog, B0, 8% and rubaequent,
83 2-11-67 210 Lmunch Bzl G $.0m of ir.emal power |  Earctrical yollage locluafions caused
apgrox. O seconda LAM falfure. Laboralory teals Ind(caled
adter raunst voltage 1 uslions could be duplicted
by a inllure )n lhe GAM vollsge ragulstor.
Dacign loxdeqakle,
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APPENDICES

APFENDIX A

GUZMARY OF EuD AJABORNE OFERATIORS AT AFHDC (HOLLOMAN)

: Calegory
Diceclar Reaponzibility of Caure
GAX Alreralt Type ol far Cruxe of o
Ho. Dais Namber Flight Fallura Fallure Observall Heaulta Cuge of Fatlure
15 6-G-55 io Abort Betl a Cozx of lelemelered T/M Dynumotar barn-ont due 1a carkan
e datx, hetweea
Tnadzquale malinlepaaes.
5 € 15-58 710 Lavnrk - - Succenaful,
& 8-2-56 0 Aborl Nun-8eX (] Poor weather, Hole {=): This aborl was nat Included In
e flanl anslyals,

18 B-8-58 M0 Lavnch - - Sucareaful,

ki 11-36 220 Lawach Nan-Bell A flercen destauct via Unputliotized GAM beacon deatruct slgnal
unauthorixed xround caused oy unwanted radlaiton Irom o
signut 2t Xel4.3 ezc- graund ¢ransmiiter. Deacons weee found
rade, [0 Te xuscepkibla (o atrzy wignaln; deslgn

chengem were mare.

na 10-23-56 728 Avart Ball - Mo soriace cealer Defective 4021 lube {V108) in misnile
g, piich 2mpitifer,

T 10-24-58 220 Adarr Nan-Bell () n Incorrect eotutiun 10 Ipropacly deated fuse . Direclor MANC
Inertial Range Tom- Syslem; Role (b2 In one of § AC Spark
puting Systzm, Plog campanenla satignead io Bell Alr-

craft, relfehilily respoctilility, Procedure
Ho, 205 was rat wdaquate,

°% 1D-25-55 22] Aborl Nen-Beil {(h] < (1) Enrly turblre dre. Direclar MRNC Ry lo0p out of alep; dem
sim grobiem. Chacinul procedera
tnadegquale.

Nea=Rele A ) Gealroct GAN Lwacon dasinct synal
candltioy, cuiard by ungoatrolled ground s(gnal
(Stx QAM No. T Inuneh).

Kt 11-2-38 no Abort Bell € o videa relay alma! al A1018 magesl
or command coolxel. High fallure rate on 1hiv bube.

12 11-6-88 21 Launeh BaL B Powar glant shuldawn Improper fuel loading prosedure.

4.5 sec, alar dive, :
Imgpacl § miies sdart
of Largel.

L1 I1.HaE8 21D Abart Ball [ (1) Turdine ahutdowa. Mianlla gin generalor 3equenca vAlve
Iraked intsrnally. Prerenlive muiniza-
arce tesl procedures were revised, New
valso offective nn QAN No. 122,

Bell o {2) Unelabls aynchron- Fronen beaziog 1 Indleder.

Ization on mafmuth
and alevatton Lo~
dientar.

) 11-15-58 a0 Abatt B:l1 c Ho command contact 2i | Op=n {llzments on APREO .ube In Direcior
at miffivda, Atreeaft cammend Leansmiltec, THS %as

an uld-uz2eips tuta,

80 1=18-56 130 Abtort Bl < low yolirge pawar supply n

. eonlact. miae(le relay and command subayslem.
o 80 f-ga-30 226 Abort Bell < Ho commard conlact Open fllamezta on 4PRSD Lube Is FHreclor
#t altfiode, Alreradt command trantmitier, Fllamaal
valtage ive hizh, Fllam=at dropplng o~
slilor added,
a0 11-39-83 220 Abort Belt < (1) USK syrchront- Mizsile sexcch antenae failed to xynchron-
3xllon problem. sxz. Aliv, hydravlic aystem requived
{illecing,

Bell c (?) Azimulh and ele~ Resonmaces ael wp by blower were pleked
wvalton Indlcalor pp by mierophonic dube in {he Direcior
dfvplay (adled, Alrernil yollage Tegulaior, Unit was

changed from varigble Iine Iregoency o
1lxed 11né frequency fo avald & sell-
risanant goadition in ihe blower molor.
a0 2-20-57 2K Abay( Tall B Atlmsulh xod ol te wheel
Indlcalor display 23d excexsive cuxbon-particles In com-
{enad, mutator i the atimuth 2l eleyation h-~
dicslor. Inadeqrate pravertive malslen-
aace procedures,
e 2-35-57 Fit) Abort nan A Tarhine fuiled o Molsiure (n nitrogen xysterm tude bundlas
alari. caused check valye to drecza In cloded
position, precluding lurbine fire. landes
quate malntennice.

an 2438457 218 Absel Bell B Loas of Hp kvTce A clogged ititer dug {n molature (n nfiro-

preaxuvra, £zn wyxtem tube bunclea eaueed Toas of
H3 prexsore, preciuding turbiae fure.
7 Procedurzs and techalral xupgori con~
ndared
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wise, also limited by time and funds, numerous compleied product-
improvement designs which would have contributed enormously to
inherent rellability and to performance were not made effective on this
weapon sysiem program,

This Contractar has,as z result of the Rascal Reliability Program,
acquired the capability to achieve high reliability in a complex weapon
system, namely, by applying eifective reliability techniques beginning
in the design concept stage and continuing the application of reliability
program practices and techniques into the production and military-use
phases of the weapon systeni.

Although the maximum potential reliability of the Ruscal ‘weagon
system was not achieved during the R&D and E&ST phases, sufficient
evidence was obtained to prove that the reliability goal of 70%, as
established by the Contractor for anairborne mission, was a practicable
and attainable goal, satisfactory for operational use, The reliability
growth curve shown in Bell Aircraft CorporationReport No, 56-889-117
{page 33) illustrated the reliability potential of the weapon system which
could have been achleved by using Contractor-type of maintenance
support (i.e.,, as effective as that used at Holloman), by applying
solutions to the known repetitive problems, and by incorporating the
benefiis of the product-improvement program,
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Depot tests on AN/APW-17 systems showed that of the thirteen :
gystems tested the last systems built showed the highest reliability, e
thus reflecting a higher level of basic design. The AN/APW-17 sys-
tems which would have been used by the operational squadrons would :
thus have been more reliable than the five systems used at Eglin on the 2
E&ST program (see Table XV1I),

L
- 1
1

The reliability growth curve of the Rascal system was such that
there was i slow but constant improvement in the potential inherent
deslgn from the start of the reliability program until the termination of
the program. Since corrective actions for numerous problems never
became eifective on the system, the full inherent reliability of the Rascal
weapon syastem was never realized,

i =
“}

The reliability technique of specifying rigorous design criferia i b
to vendors was proven espeécially effective in the case of electronic
components such as the Radar meodulator, Radar R-T unit, and the
voltage regulator,

Engineering gqualification and liie tests, to be valid and mezning- I
ful, must be conducted under the environments which simulate the |
actual operational eonditions of system-inatallation environment, physi-
eal environraent, and miliatry-use environment.

E. MANAGEMENT v ! |

As has since been recognizeu h7 genior Air Force weapon system
management personnel and Contrz etor management personnel, the
Rascal weapon sysiem was transferred too abruptly from a contractor- LT
operated flight test (R&D) program to a military-operated flight test B
(E&ST) program, with resulting severe adverse efiects on the opera-
tional reliability of the weapon system,

-
\

In flnal conclusion, although the establishment of a comprehensive
reliability program on the Rascal weapon system produced many out- :
standing improvements in reliability, this reliability program was applied !
after the basic research and development design had been completed
and thus the ultimate in inherent reliability was never attained. The
time required for effective application of corrective measures on this
reliability program was very great. For example, approximaiely one
year was required to collect sufficient evidence of all of the problem
areas that existed in the Rascal weapon system. By thetime the cor-
rective-action and product-improvement plan became firm, the con=
cluding stages of the R&D flight test program had been réached and
preparations were already in effect for initiating the E&ST program,

Consequently, limited by time and funds, the bulk of the major
identified repetitive problemis did not receive corrective action. Like-
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C. RELIABILITY CONTROL

The reliability data reporting system established at Bell Aircrait
Corporation on 2 corporate-wide basis, in February 1858, has proven to
be a most effective method of reporting raw data for use on a com-
prehensive rellability program for a complex weapon system. With
only slight medification, the Bell Aircraft reporting system can be
adapted to any other weapon system,

The utilization of the Bell Alircraft reliability data reporting
system at Eglin AFB proved the feasibility of using a Contractor
reporting system on a military test base to effectively report all *
reliability data required for a comprehensive reliability program.
Further, it proved the need for stationing Conrtractor relfabllity repre~
sentatives on the military base to cullect such reliability information.
The smsame advantages were observed while using the Contractor's
reporting system and reliability representatives in the Air Force
Logistics Depot.

The establishment of the 'idea-for-improvement' program for
the Rascal weapon system wag an effective method of getting voluntary
employee participation in producing a Letter product. This “idea-for=
improvement” program was simlilar to "suggestion-box™ plans in efiect
throughout industry.

The method of establishing formal definitions of repetitive
problems, as detected by machine-processed reliability dats, is an
extremely eifective methed of initiating corrective action on problem
areas experienced during the R&D test phase and the production phase
of a complex weapon system,

D. DESIGN

It was established that the Rascal missile and Director Aircraft
guidance equipment required a high level of competence and experience
in the personnel who performed the maintenance, test, and inspection
functions on this equipment during all testoperationa. The basic design
of the Rascal weapon system nsed at Eglin could be called "modified
R&D equipment” since a production design was never accomplished on
the Rascal equipment. As a result, implementation of certain high-
reliability design technigues, such as provision for optimum service-
ability, maintainability, interchangeability, stability, and human en-
gineering, did not become effective on this weapon system.

A number of airbsrne flights were unsuccessful becauge the 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

flring range,
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The fact that the director aircraft equipment was operated 23%
loager and the missile equipment was operated 120% longer than the
respective planned airborne mission times was 2 contributing factor
to the low airborne reliability éxperienced at Eglin AFB,

As has been establizshed in several sections of this report, the
reliability of the tactical hardware of the missile systems and of the
director aircraft systems used at Eglin AFB was higher than that of the
factical hardware used during the R&D flight test program at AFMDC
(Holloman).

The ground support equipment had a negligible direct effect on
the reliability of Rascal eguipment during airborne missions, both at
Holloman and at Eglin,

An analysis of the Eglin operations has proven the need for
accurate and comprehensive contractor-furnished field 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 of the E&ST operation than were the Holloman
procedures in the conduct of the R&D program. Inadequacles 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
procedures during military use of a complex weapon system was
verified during the Eglin operations. These malntenance procedures
include correct and effective service (repair) maintenance instructions,
preventive maintenance procedures, precantionary maintenance pro=
er ‘ures, troubleshooting techniques, standard check lists, and military
or Ingpection work cards used by the individual maintenance psrsonnel.

It has been concluded that for a very large sample of misgiles in
use in [ield operations, a fairly accurate human-error factor (part of
Use Reliability) can be determined for 2 complex weapon system, It
was observed, however, on the Rasgcal f{leld test program at Eglin
AFB, that the incidence of serious human errors was far greater than
had been predicted, They were cauged primarily by inadeguate technical
training, inadequate quality control, and inadequate maintenance control,

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

The reliabﬂity of Air Force guidance cperatars during airborne
phases of the Rascal weapon system was vary high, both at Eglin and
at AFMDC (Helloman).

gmﬁ:ﬁ?ﬁ]v.
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SECTION X

CONCLUSIONS

A. FACTORY TESTING

The establishment of a reliability requirement for conducting at
least 15 lormal composite sysiem iesis on missiles during the final
factory test phase provided an szffective method of debugging missiles
of the earlier configurations. Missiles of the lastest configurations
did not require a lengthy debugging operation during the final factory
test phase.

The limited-environment tests conducted on Raszcal components
before assembly into missiles were particularly effective in debugging
the components and in providing a realistic operational-type of com-
ponent test, ¥

It was repeatedly demonstrated on the Rascal program that,
except for a relatively amall group of known limited-life items, 2
miasile system can be given many repeilive testa (to provide relia-
bility assurance at a specified confidence level, for example) without
wear-out of the missile,

The reliability observed during the final factory test uf the
missile, less the propulsion system, provided a realistic measure of
the inherent reliability of the cqmponents subjected to these tests,

Ii was demonstrated on the Rascal program that production
delivery schedules could be met without sacrificing reliability or
quality in missiles manufactured for a complex weapon system.

B. FIELD TESTING

f DENTIAL

The contractor-furnished field maintenance support at Holloman,
which include technically trained and experienced personnel (both test
and service malntenance personnel) together with the application of
unwritten precautionary maintenance procedures and techniques and the
application of effective troubleshooting techniques, was far more
effectlve in producing successful operational flights than was the mili-
tary-furnished field maintenance support at Eglin AFB,

The contribution of fajlures from non-tactical and non-Rascal
equipment at Eglin AFB was far higher than -that experienced at
Holloman during tests on the last 23 R&D missiles and particularly
so with respect to the lact 8 R&D missile tests, The equipment in-
cluded in this non-~tactical and non-Rascal equipment category covers
beacons, range support equipment, Szndia equipment, and the B-47
aircraft. -
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D. PREDICTION OF RELIABILITY OF E&ST HARDWARE, USING CONTRACTOR-
FURNISHED MAINTENANCE

An analysis has been made of the alrborne success which eould
have been realized on the Rascal E&ST hardware, using the saime level
of maintenance support (Categories A and B) which was furnished by
the Contractor at 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 missions as experienced during tesis on the last eight
R&D missiles at Holloman, and on the effect of Category C items as
experienced on the physical E&ST hardware used at Eglin AFB, Since
there were no unsuccessful Phase I missionz at Holloman due to in-
adequate procedures or technical support, a realistic value of three
percent was assumed in making the analysis.

Figure 9 shows graphically the breakdown of the prediction
analysis., The predicted reliability for E&ST program hardware,
plus Holloman-type of maintenance support, is 49 percent for over-all
airborne success of the tactical weapon system plus all supportmg
functions of the weapon system and of the test base,

A simllar analySis of only the tactical equipment used on the
E&ST program (the telemetering, beacon, B-47 aircraft, Sandia, and
range support equipment were excluded) shows 2 predicted airborne
reliability of 52% for the tactical Rascal weapon system as defined in
paragraph C-1 of this section. Thia predicted airborne reliability of
52% for the tactical weapon system is approximately the same a8 shown
in the reliability growih curve contained in Figure &, page 33, of Bell
Alreraft Corporation Report No. 56-989-117 for the same group of
missiles and for the same Director Alrcraft Systems which were used
on the E&ST program at Eglin AFB.
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5. Effect of Inherent Reliability of Equipment

The eifect of imherenti reliability (Category C) on the opera-
tional reliabllity ol the weapon aystem at Eglin and at Holloman Is
shown in Figurea 7 and &, Figure 8 shows that in the Phase I (Takeofi-
to~Launch) portion of the airborne mission, the inherent unreliability
observed on the weapon systems at Eglin was smaller by a factor of 5§
than that cbserved on the last eight weapon systems at Holloman. The
same comparison for the Phage I (Launch-to-Target) portion of the
airborne mission shows the inherent unrallabmty of equipment to be
approximately the same.

Figure 7 shows a 4,5-to-1 decrease, f{rom Hollomanto Eglin,
in the over-all level of inherent unreliability of the equipment for which
Bell Aircraft was responsible; namely, the tactical weapon Bystem plus
telemetering and heacons (except for S-band beacons at Eglin),

Y

e

- SUCCESS
76.9 %

PHASE I PHASE II

PHASE I SUCCESS X PHASE 1l SUCCESS = 49.1%

Czuses for Unsuccessful Missions:
Category & - Inadequate field equipment, maintenance, and support.
Categoxry B - Inadequate Contractor procedures and technical support.

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

Phases of Flight:
Phasel - Takeoff~to-Launch
Phase I - Launch-to-Target

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

Figure 9. Analysis of Predicted Rascal Airborne Success Using Eglin
Hardware and Holloman-Typs of Maintenance Support
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MISSIONS WITH LAST 8 R @ D MISSILES AT HOLLOMAN

33

PHASE I PHASE I
PHASE I SUCCESS x PHASE IT BUCGCESS = 23.8%

MISSIONS WITH E & ST MISSILES AT EGLIN

PHASE I ’ PHASE IT

5 PHASE I SUGCCESS r PHASE XX SUCCESS = 4.9%
Causes for Unsuccessful Missions:

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

Category B ~ Inadequate Contractor proceciures and technical support,

Category C - Equipment {ailures and possible egquipment failures (Inherent Unreliability).
Phases of Flight: )

Phase I - Takeoff=to=-Launch

Phase 11 - Launch~to-Target

NQTE: This analysis includes the tactical weapon system plus all
assgociated and supporting functions.

Figure 8. Analysis of the Causes of Unsuccessiul Airborne Missions by Flight Phases
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Figure T shows that the over-all level of the effect of
Category A items obhserved at Eglin was 4.3 times that observed at
Holloman during airborne missgions. This analysis is based on the
effect of Category A items on the tactical weapon system plue 2] of the
supporting functions of the weapon system and test base, as described
In paragraph C-2 of this section.

- — = -

4, Effect of Procedures and Contractor Support on Aixrborne
Miasions

The effect of Contractor maintenance procedures, test pro-
cedures and technical support (Category B) onthe operational reliability
of the weapon system at Eglin and at Holloman is shown in Figures 7
and B, Figure B indicates that 21,9% of the Phase I (Takeoff-to-Launch)
missions at Eglin were unsuccessful due to Category B type of fallures
as compared to the absence of this type of failure on the airborne
migsions of the last sight R&D missiles at Holloman, The sffect of
Category B items during PhaseII {Launch-to-Target) was approximately
the same for Holloman and Eglin,

R s o .

From Figure 7, it will be observed that the effect of Category
B items (procedures and technical support) at Eglin was five times the
effect of these items at Holloman.
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l Figure 7. Relative Magnitudes of Causes fur Unsuccessiul Airborne Misslons at Holloman and Eglin
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TACTICAL SYSTEMS

MISSILE ~-SIX MAJOR
SYSTEMS

DIRECTOR AIRCRAFT

TWO MAJOR SYSTEMS
AND THE OPERATOR

[NON-TACTICAL SYSTEMS

TELEMETERING

BEACONS

BASIC B-47 AIRCRAFT
INCLUDING K-SYSTEM
EQUIPMENT

SANDIA EQUIPMENT

RANGE SUPMORT
EQUIPMENT AND
OPERATIONS

UPPER BAR: TOTAL EGLIN OPERATION’ |
LOWER BAR: OPERATION AFTER 30 JUNE 39 |

] an

8.8%
52.3%
9.5% ,
14.4%

0%

:l 4.3%
] %
0%

IISSIONS WITH LAST @ R&D MISSILES

AT HOLLOMAN ADC

MISSIONS WITH £ & ST ‘MISSILES
AT EGLIN AFB

Figure 6, Comparison of Unsuccessiul Missions by Systems in Which Malfunctions Were Observed

It will be noted in Figure 6 that the percent of unsuccessful

missions at Eglin caused by non-tactical system failures was greater
by a factor of 2-to-1 than that observed during the launching of the last
eight R&D missiles at Holloman. The hasic B-47 aircraft, which was
not the responsibility of the Contractor, demonstrated a particularly
significant decrease in reliabillty at Eglin AFB.

3. Effect of Field Equipment, Maintenance, and Suppori on
Airborne Missions

The effect of 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 ghows that during Phase I {takeoff-to-launch} at
Eglin this category was flve times ns gréat as that observed at Hollo~
man. During Phase Il (launch-to-target) at Eglin the effect of Category
A items was 4.2 times as great as that cbeserved at Holloman.
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The goal which was established by Bell Aircraft Corporation
for the tactical weapon system for the operational-uss (gguadron-nse)
phase was 70% for 2 normal mission. During a planned normal mission
the misaile tactical equipment (less propulaion system) would have been
operated for one hour, the Director Aireraft AN/APW-17 System would
have been operated 115 minutes, and the Director Aircraft Miscéllaneous
System would have been operated 150 minutes.

A comparison of the success (cbserved reliability) of the
tactical weapon system alone, as experienced during airborne mlnions
at Holloman and Eglin, is shown In the following:

Tactical

) Weapon System
' Success During Testing | Success During Goals
Flight Phase Last 8 R&D Missiles All Eglin Teats R&D{Operational
' Tactical Weapon 32.8% ] 15.5%* 45% 70%
System
(Phase I times
Phase )
Note: Success is defined as the ratio of successful missions to total attempts,

expressed in percent,

l' CW

*This figure includes four launches which resulted in missiles suceessfully reaching
g the target area by means of inertial guidance, despite other operatiunal fatlures.

2. Comparigon of Unsuccessful Airborne Missions by Systems

Figure 8 graphically shows the breakdown of the flight test
program into the varions systems in which malfunctions were observed
during attempts to launch the last eight R&D missiles at HNollumun and
all missiles at Eglin. The breakdown in Figure § is based on the
following categories:

Tactical Systems:

Migsile - Six major systems.

Dirsctor Atrcraft - Two major systems and the operator.

Non~Tactical Systems:
Telemetering
Beacons

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

Sandia equipment
Range support equipment and operations.
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C. COMPARISON OF HOLLOMAN AND EGLIN AIRBORNE RESULTS

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

1. Analysis of Suc¢cessful Airborne Operations
A comparison of the success of the tactical weapon system

and of all of the supporting functions during airborne missions, as
experienced at Holloman and Eglin, i8 shown in the following:

Success During Success During V
Testing of Last All Tests at
Flight Phase Eight R&D Miasiles Eglin
Phage I (takeoff-to- 38.1% 15.5%
launch)
Phase II (launch-to~ 82.5% 25.0%
target)
Weapon System, plus 23.8%* 4,9%*
supporting functiona
(Phasges 1 and 11}

*Not to be compared to the T0% goal for tactical systems during the
airborne mission.

Note: Success is defined as the ratic of succegsful missions over total
atiempts (per phase) expressed in percent.

The above comparison is based on the tactical equipment plus
all supporting elements for the Rascal weapon gystem,

The tactical weapon system (for which Bell Aircraft Corpora-
tion was responsible and for 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 Guidance System (IRCS)
: GAM Emanating Guidance System
GAM Auxiliary System
GAM Fuzing System .
Direector Aircraft Guidance (AN/APW-1T7) System
Direcior Aircraft Miscellaneous System

CON§
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the Holloman procedures were usable in making direct step-by-step
checkouts of equipment.

As of 30 June 1858, all of the maintenance, servicing,
and tecating procedures which had to be performed were not yet in the
form of completely acceptable, detailed check lists.

d. Comparison bf Holloman and Eglin Procedures

Some of the major differences between the Holloman
R&D Test Procedures and the Eglin Handbooks (TQ's) are given in the
following comparison:

Holloman Eglin
Test Procedures Handbgoke (TO's)

Designed for R&D operation Designed for SAC operation.

Degigned to provide quantitative
teat data. Detailed tests were
fairly complete.

Contained little information on
how to make & repair (repalrs
were periormed by factory-
experienced personnel using
Contractor drawings).

Contained little information on
troubleshooting inatructions
(Contractor personnel had
ext~ngive training and experi-
ence in troubleshooting).

Procedures ware technleally
very nccurate,

Procedures were gomplefe in
themselves and could be used
as chack llsts, with each step~
by-step operation verified as
accomplished,

Tests were gimplified too much;
additional testing needed.

Step~-by-step instructions were
given for replacement of paris.

Inadequate troubleshooting in-
formation. :

Technical ‘inaccuracies were
npumerous,

TO's were not complete orprac-
tical for checking out a missile
directly;. were useful to compile
check lists.

4, Performance of the Maintenance Function

By June 1958, the Air Force took steps to increase the

effectiveness of the maintepance function at Eglin AFB, Stricter main~
tenance discipline was imposed, addltional maintenance control per-
sonnel were acquired, additional inspection personnel were used, addi-
tional Contractor malntenance personnel were obtained, and better work
cards and check lists were compiled. Efforiswere continuing to reduce
the number of personnel and management 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 Holloman

Extensive Rascal preventive maintenance insirue-
tions were written, most of which became ‘effective before completion
of the R&D flight test program. The AN/APW-17 system, in particular,
was found to be greatly beneiited by the use of preventive maintenance
procedures,

{2} E&ST Program at Eglin AFB

At the inception of the-program, the handbooks and
technical publications were found {o be inadeguate for use by a military
mainienance orgamization, Inadequacies in the handbooks comtributed
greatly ta the lack of proper ground testing and maintenance, As of
30 June 1958, the handbooks were still not completely adeguate,

Applicable military Technical Ordersdid not provide
the 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 inability to accomplish
the Rascal maintenance function satisfactorily.

b. Inspection

Performance of the inspection function at Eglin AFBwas
hampered by the lack of adequate personnel. As a result of adequate
inspection personnel at Holloman, maintenance discipline was enforced
more effectively.

¢. Work Cards and Check Lists
(1) Work Cards
Work cards were not used at Holloman.

Inspection work cards used at Eglin prior to 50 June
18568 were Ipadequate for use on the Rascal weapon system. As of
Qctober and November 1958, the new, improved work cards were just
in the process of being checked out in field evaluaticns.

{2) Check Lists

Check lists Ior maintenance procedures and for
testing and checkout of equipment were prepared by Alr Force and
Coniractoxr personnel at Eglin. Check lists had to be prepared to check
out missile gystems equlpment because the Technical Orders were not
suitable for use in directly checking out systems, By comparison,
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COMRDENTIAL

Personnel Holloman Egtin
Management The top men had an Limited Experience on
average of 7 years Rasgcal,

experience on Rascal, '
All System Engineers Minority of supervisors
had engineering had engineering degrees
degrees and 3 years and all had limited ex-
experience on Rascal. perience on Rascal.

Maintenance Adeguate number. Inadequaie numbar.
Adequate technical Limited fechniecal capa-
capability, bility.
Average experience Majority of men had less
of technicians on than two years of missile
Rasgcal was five experience.
years.
Majority of person- Majority of personnel did
nell were well-trained not get formal factory
on Rascal, training on Rascal {origi~

nal frainees were lost by
attrition).
Maintenance Adequate number, Limited number.
Control -

Inspection 18 ured by Contrac- 2 used prior to 30 June

tor. ) 1958.

A detailed analysis of this problem has shown that the
education and experience of the Confractor maintenance personnel at
Holloman were significanily suparior to those of the Air Force per-
sonnel at Eglin.

2. Ground Support Equipment

The ground support eguipment problems at Eglin AFB caused
excessive delays in the early part of the E&ST program. However, as
can be seen in Tables XVI and X¥IV, neither at Holloman nor at Eglin
was an unsuccessful airbarne mission directly attributed to deficlent
ground suppert equipment., Since it was observed that the effect of
ground support equipment on the reliability of the airborne Rascal
mission was negligible, the factor of ground support equipment cannot
be used for comparison purposes with respect to the analysis of the
airborne lests,
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b. Propulsion System

The propulsion system, less the rocket engine, was
assumed to have the same improvement of 3.8-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 reliability of the engines used at
Holloman and Eglin, 28 shown in Table XXVII.

B. COMPARISON OF MAINTENANCE SUPPORT

The major factors which were concerned with performing the
maintenance function at Holloman and Eglin AFE included personnel,
organization, training, ground support eqguipment, handbooks, test
procedures, and inspection.

1. Maintenance Organization and Persounel
At Holloman and at Eglin, the principal types of personnel

-to be considered in the maintenance function were management,
maintenance, maintenance control, and inspection personnel.

TABLE XXVl

RELIABILITY COMPARISON OF ROCKET ENGINES
USED AT HOLLOMAN AND AT EGLIN AFB

Comparison Holloman Eglin Reliability
Parameter Engines . Engines Improvement
Per Cent Successful B5% 96% 3.8-to-1

Engine Acceptance
Tests ln Factory

A comparison of the number, or experience, of maintenance
personnel utilized at Holloman and Eglin is as follows:

B i }onmfmﬁ



~——

W

Report No, 56-989-120

SRR AR

SECTION X COMPARISON OF HOLLOMAN AND EGLIN AIRBORNE DPERATIONS

A. COMPARISON OF EQUIPMENT RELIABILITY

1. Director Aircraft Systems

The relative reliabilities, expréssed in mean-time-between-
failures, of the Director Alrcraft Guidance (AN/APW-17) Systems used
at Holloman and Eglin are shown in Table X¥VII. The data, in all cases,
fnclude both ground and airborne tests. The improvement in reliability
between the AN/APW-17 aystems used to launch the last eight R&D
missiles and the systems used at Eglin AFB was observed to be 2.4-to-
one,

The relative reliability of the entire Director Alrcrait
System, consisting of the AN/APW-17 System and the Director Aircraft
Mlacellanecus System, is shown in Table XVII and Figure 5 for both
Holloman and Eglin operations. The Director Alreraff Miscellaneous
System used at Eglin AFB conaisted of production-type components as
compared ito the profotype components used at Hoiloman. The Eglin
systems were observed to be 2.8-to-one better than the Holloman
systems used to launch the last eight R&D missiles.

2, Mlissile Systems
a, Missiles, LLess Propulsion Systems

Based on factory tests the relative reliability of the
Eglin and Holloman migsiles is shown in Table XXVI.

TABLE XXV1

RELIABILITY COMPARISON OF EGLIN & HOLLOMAN MISSILES, LESS

PROPULSION SYSTEM

Holloman Eglin Reliability
Comparison Parameter R&D Missiles E&ST Missiles Improvement
Observed Reliability of 89.8% 90.5% 3.6-to-1
Missiles during Factory Tests (84.2%) (1.7-to-1)
Per Cent Successful Composite 49% 6% 2.2-to-1
System Tests Conducted in (57%) (1.3-to-1)
Faclory

Note: Figures in parenthesis are for the last eight R&D missiles launched

at Holloman.
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TABLE XXV

ANALYSIS OF AIRBORNE MISSIONS AT EGLIN AIR FORCE BASE
Distribution of Causes for Unsuccessful Missions on GAM Nos. 102-117

Phase I Phase IT*
Category {Takeoff-to- Launch) {Launch~to- Target)
Unsucéesstul Missions:
A - Inadequate fleld equipment, 48.0% - 52.8%
maintenance, and suppoxrt
B - Inadeguate contractor pro- 21.9% ©11.19%
cedures and technical sup-
port
C - Equipment failures and 10.6% 11.1%
.possible equipment failures
{Inherent Unreliability)
Successful Missions 19.5% 25.0% **
*GAM Nos. 102, 110, 111, and 117 were not launched during the E&ST program.
*+*The Phagse I successes included one suecessful flight on emanating guidansce
and two successiul flightson inertial guidance.
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An analysis of the weapon system improvement made at Eglin
AFB after 30 June 1958 is shown below onr equipment with which the
Contractor was primarily concerned:

Eqguipment in Which Malfunctions* | Percent of Unsuccessful Missions

Were Observed During Before After
Unsuccesgsaful Migsions 30 June 58 30 June 58
Missile Tactical Equipment 50.3% 52.1%

{Beacons and Telemetering
not included).

Director Aircraft Tactical System 24.0% 8.2%
(B-4T alrcraft not included).
Total Tactical Equipment in the 74.3% i 60.4%

Weapon System

*Note: ZEither failures occurred in this equlpment during the airborne
operation or the equipment wazs not operable prior to take-off.

E. ANALYSIS OF FLIGHTS BY BASIC CAUSES OF FAILURE

'i"he flights recorded in Appendix B were analyzed with respect
to the three categories of causes for unsuccessful missions which were
defined in paragraph 1X-B-3.

Table XXV shows the distribution of unsuccessful operation
during Phase I (takeoff-to-launch) and Phase II (launch-to-target) of
the alrborne missions.

Using the results of the entire test period at Eglin AFB, the
following successes were observed:

Perxcent
Mission Success

Phase I (Takeoff-to-Launch) 19.5%
Phase II (Launch-to~-Target)* 25.0%
Over-all Weapon System Success 4.9%

*The Phase II success included one successfulflight on emanating
guldance and two successful flights on inertial guidance. 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

This analysis shows the breakdown of the weapon system into the various equipments in
which matfunctions* were observed during unsucceas{ul missions.

GAM Nos, 102-117

Tests Conducted After
30 June 18568

which 2 had lmpraper warhead
firing.

*Note: Either failures occurred in these squipments during the airborne gperation or the equipments

were nol oparable prior to take-oif,

Based On Based On Basged On Based On
Midrions Failures Missjons Failures
Equipment No, % No. % No. % No. %
Unsuccesaful Missions:
Missile Tactical Equipment 20-11/12 | 510 26 41.9 8-1/3 52,1 11 47,8
Propulgion System T 17.1 8 12.9 1/2 3.1 1 4.4
Fiight Control System 2 4.9 2 .| 3.2 2 12,5 2 8.7
Non-Emanating Guidance System Q 0 0 0 0 ] [¢] 1]
Emanating Guidance System 3.5/12 8.3 7 11.3 1-1/3 8.3 3 13.0
GAM Auxiliaxy System B-1/2 207 9 14.5 4+1/2 | 28,2 5 2L.7
Fuzing System 0 0 0 0 0 a 1] 0
Carriur Tactieal Equipment 7-1/3 17.9 15 24.2 1-1/3 a3 3 13.0
AN/APW-17 System 6-5/6 16.7 14 22.6 1=1/3 4.3 3 13.0
Miscellaneous System 0 a 1] 0 0 0 0 0
Operator 1/2 12 1 1.8 0 0 0 0
Telemetering o o g‘ _9_ i) i o o
Beacons 1-5/8 4.5 5 8.1 1/2 1 1 44
S~Band 1-7/12 3.9 [ 6.5 1/2 3.1 1 4,4
I~Band 1/4 0.6 1 1.8 0 0 0 Y
Range Support Equipment 2-7/12 6,3 3 8.1 1-1/2 9.4 2 8.7
Sandia Equipment .5/8 2.0 2 3.2 5/6 5,2 2 8.7
B-47 Aireralt 6-1/2 15.8 8 14.5 3-1/2 | 218 4 17.4
Successful Misslons: 1%%x _J.& - - [ 2 - ~
Tatal 41 100.0 62 |100.0 16 100.0 23 100.0
Notes on Successful Missions: X o iodod
Completely Successful Flight 1 Q
Successful Inertial Flights, in 4 3

i
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Categary Definition of Category
A (1) Inadequate field maintenance by mili-

tary personnel.

(2) Inadequate range support by Air
Force,

(3) Inadequate weapon sysiem supporting
equipment such as K-4 systems,
Sandia equipment, B-47 aircraft, and
ground tracking stations.

(4) Inadequate deasign of military-
furnished S-band beacon and destruct
system,

B (1) Inadequate Contractor maintesance
procedures and test procedures.
(2) Inadequate Contractor technical sup-
port. -

C 1) Part failures.
(2) Equipment fallures.
(3) Possible equipment failures.

Note: The items in Category C constitute
& measure of the inherent unrelia-
bility of equipment.

As will be noted, items in Category A were generally the
basic responsibility of the Air Force. Items in Category B and C were
bagically the responsibility of the Bell Aircraft Corporation,

C. RECORD OF EGLIN AIRBORNE FLIGHTS

During the flight test program at Eglin AFB, 41 weapon system

(missile and director aircraft) take-offs were necessary to launch 12
E&ST missiles. A complete record of the 41 airborne flights, together
with the previonsly-defined categories of causes of unsuccessful mis-
sions, is given in Appendix B,

D. ANALYSIS OF UNSUCCESSFUL FLIGHTS BY SYSTEMS

Table XXIV shows the breakdown of the tactical weapon system
into the various equipments in which malfunctions were observed during
unsuccesesful missions at Eglin AFB,. Includedalsoare the contributions
t¢ unguccessful missions by other items such asbeacons, telemetering,
range support equipment, B-47 aircraft, and Sandia equipment.

M
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SECTION IX  RELIABILITY ANALYSIS OF
EGLIN 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 missiles were of a higher ralia~
bility configuration than the missiles used during the R&D flight test
program at Holloman, as evidenced by factory tests. The Director
Aircraft Guidance (AN/APW-17) Systems were of aproduction configura-
tion which was of a higher reliability than the prototype AN/APW-17
systems uged at Holloman.

B. METHOD OF ANALYSIS
In a manner similar to the analysis made in Section VIII, the
relability analysis of the 18 migsiles tested at Eglin AFB, as contained
in this section, includes the following three aspects: g

1. Success of Missions

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

2. Phases of Flight

The airborne mission of the Rageal weapon system is analyzed
by each of the two {light phases;

Phase I ~ Takeoff-to-Launch
Phase II -~ Lauvnch-to-Target

3. Basie Causes of Unsuccessful Misaions

The analysis ~f all airborne missions has been made accord-
ing to the following basic causes of unsuccessiul missions:

46
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TABLE XXIII

ANALYSIS OF PHASE II (LAUNCH-TO-TARGET)

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

First 15 Last 8 Total of 23
Category Misgsiles | Misailes Missiles
Unsuccessful Missions:
A - Inadequate field eguipment, 20.0% 12.5% 17.4%
maintenance, and support.
B - Inadequate Contractor 13.3% 12.5% 13.0%
pracedures and technical
support,
C - Equipment failures and 46.7% . 12.5% 34.8%
posggible equipment failures.
(Inherent Unreliability)
b}
Successful Misgions 20.0% 62.5% 34.8%

*GAM Nos, 18, B8, 92 and 95 were not tested at Holloman.

the weapon system performance using the last eight misgiles as com-

pared to the {irst 15 migsiles,

Using the results of the last eight missiles launched at Holloman,

the observed successes were:

Phase 1 (Takeoff~to-Launch)
Phase Il (Launch-to~Target)
Over=-all Weapon System Success

Percent
Mission Succesas

38.1
62.5
23,8

45
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Holloman. Also included are the contributions of other items such as
peatons, telemetering, range support equipment, B-47 aireraft, and
Sandia equipment,

E. ANALYSIS OF FLIGHTS BY BASIC CAUSES OF FAILURE

The flights recorded in Appendix A were analyzed with respect
to the three categories of causes for unsuccessful missions given in
paragraph VIII-B-4, :

Table XXI! shows the distribution of causes jor unsuccessiul
missions for Phase I (takeoff-to-launch) of the airborne operation for
the first 15 miesiles, the last eight missiles, and the entire group of
23 missiles. During this pbase thare is shown an increase in the
number of successful missions for the last eight missiles as compared
to the first 15 missiles.

Table XXIII shows the distribution of causes for unsuccessful
missions for Phase II (Jaunch-to-target) of the airborne operation for
the first 15 missiles, the last eight mizsiles, and the 23 missiles.
During 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 Noa, 75-101%
at AFMDC (Holloman)

: First 15 Last 8 Total of 23
Category Missiles Missiles Missiles

Unsuccessful Missions:

A - Inadequate field equipment, 20.1% 0.5% 17.1%
maintenance, and support.

B - Inadequate Contractor pro- 8.5% 0% 6.1%
cedures and technical sup- .
port.

C - Equipment failures and 43.1% . 52.4% 45.7%

possible equipment failures.
, (Inherent Unreliabiliity)

Successful Missions 28.3% 38.1% 31.1%

*GAM Nos. 78, 86, 92 and 95 were not tested at Holloman.
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TABLE XXI

ANALYSIS OF HOLLOMAN AIRBORNE MISSIONS

This analysis 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 Failureas
No. % No. % No, % No., %
Unsuccessful Missions:

Missile Pactical Equipment 33-1/2 45.3 38 48.76 pi: | 52.3 14 73.6
Propulsion System .. 81/2 § 11,5 9 11.25 3 14,3 3 15.8
Flight Control System 41/2 6.1 6 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 B-1/2 11.5 9 11.258 1-1/2 7.1 2 10.5
Fuzing System i (4} 0 0 o 0 0 | a

Carrier Tactical Equipment 155/6 { 21.4 | 20 25.0 p 9.5 2 10.5
AN/APW-17 System 13-1/3 18.0 17 21.25 2 9.5 2 10.5
Miscellaneous System 1-1/2 2.0 2 2.5 0 0 0 4}
Operator 2is 1.4 1 1.25 0 ] 0 0

Telemetering r 2 2.7 2 2.5 g 0 0 0

Beacons 4.1 4 5.0 1 4,8 5.3
S-Band 1 1.4 1 1.25 0 0 D 0
1.-Band 2 2.7 3 3.5 1 4.8 1 5.3

Range Support Equipment 5 8.7 6 7.5 1 4.8 1 5.3

Sandia Equipment 1-1/2 2.0 3 2.6 0 0 0 0

B-4T Aircraft 5-1/6 7.0 q 8,75 1 4.8 1 5.3

Successful Missions 8 10.8 - - B 25.8 - -
Totals 74 100.0 80 100.0 21 100.0 19 100.0

*Note: Either failnres occurred in these equipments during the airborne operation or the equipments

were not operable prior to take-off.
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(1) First 15 missiles,
(2) Last 8 misailes,
(38) Total of 23 mizsiles.

4. Basie Causes of Unsuccessiul Missions

The analysis -of all unsuzcessful airborne missions has been
made acecording to the following basic pauses:

Category Definition of Category
A ; (1) Inadequate field maintenance by Con-

tractor pergonnel,

(2) Inadeqguate range support by Air
Force.

(3) Inadequate weapon system supporting
equipment such as K-4 systems,
Sandia equipment, B-47 aircraft, and
ground tracking stations.

B (1} Inadequate Contractor maintenance
; procedures and test procedures.
(2) Inadequate Contractor technical sup-
port.
Fe) : {1) Part failv es.
{2) Equipment failures.
(3) Poasible equipment failures,
Note: The items in Category C constitute

a2 measure of {nherent unreliability
of equipment.

C. RECORD OF HOLLOMAN AIRBORNE FLIGHTS

During the flight test program at Holloman, 74 weapon system
{missile plus director aircraft) take-offs were necessary to launch the
last 23 R&D missiles. The mission with GAM No. 78, on 2 August 1956,
which was aborted due to poor weather was not included in this analysis.
A complete record of the T4 airborne [lights, together with the previ-
ouzly-defined categories of causes of unsuccesslul missions, is given
in Appendix A,

D. ANALYSIS OF UNSUCCESSFUL FLIGHTS BY SYSTEMS

Table XXI shows the contribution of each system of the tactical
weapon system to the unsuccessful alrborne missions experienced ai
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SECTION Vil

Al

RELIABILITY ANALYSES OF HOLLOMAN AIRBORNE CPERATIONS

DESCRIPTION OF TACTICAL EQUIPMENT

Twenty-three R&D missiles, in the block GAM Nos. 75-101, were
flown. during the period May 1858 through October 1957, The last eight
of the R&D missiles were of a higher~reliability configuration, con-
taining substantial improvements over previously-fiown missiles, Fur-
ther, the director aircraft guidance systems used to launch these eight
migsiles sach contained twenty-three production components which
wzee signiticantly more dependable than the well-worn prototype com-
pozenss. puvy-ensly used at AFMDC. As further substantiation of the
higher relinlilly of the last eight R&D missiles and the asasociated
directne gyeiems, five of the eight missiles demonsirated 100% relia~
bily after lsunch wnd were guided within a 1500-foot radial miss~
distar-g,

‘Between Cciober 1955, the start of the expanded reliability pro-
gram, and May 1956, three misslles (GAM Nos. 58, 63, and 84) were
flight tested solely to acquire additionzl data for Sandia. The three
missiles were not included in the reliability program missiles berause
they were of a lower-rellability configuration and did not include the
Bell Aircraft rocket engine which became effective on GAM No. 75.
The test results of the three missiles are not included in this analysia.

B, METHOD OF ANALYSIS

cy‘wﬁ.

The reliability znalysis of the last twenty-three R&D missiles
flown at AFMDC, az contained in this section, includes the following
four mspects:

1. Succeas of Missiona

The percent success of the zrirborne missiona is expressed
ag the ratio of observed successiul migsions {o the attempted airborne
migsions.

2. Phases o. Flight

The airborie miasion of the Raseal weapon system is
analyzed by each of the two flight phases:

Phasel - Takeoff-to-Launch
Phase I - Launch-to-Target

3. Groups of Missiles

The analysis is based on three groupings of the R&D missiles
and agsociated director aireraft systems:
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TABLE XX

VERIFIED IMPROVEMENTS OF PARTS

Observed Failure Hate Minitum MTBF Minlreum
(During Missile Teating) {90% Confldenca) Improvement
Before Atter Before After Raus
Ttem [mprovement Made Improvement | Improvement | Improvement | Improvement | (80% Confidenca)
0OC3, OD3 Tubes in Circuil modif{ication; replaced 50/6,'160 1/14,000 {10 3,500 22:1
. | Sexrve Power Supply 0OC3 and O3 tubes with 0A3
tubes,
Tantalum tors Manufacturer provided im- . 16/33,5600 11/92,800 1,500 5,580 2:1
in Piteh and Yaw proved capzacitors from a new
Command Madulatars | production run.
Replaced Impraved tantalum 18/33,600 0/40,000 1,500 17,400 611
capacitors with paper capac- {Orighal
itors In a redesigned clreuil, Caprelttor)
Siable Platfnrm A nylon brrke was uged, pitch B7/4,000 89/18 170 B0 210 31
A er was rep w
wilh aynchre tranaducer,
Arefng and nitrogen Larger cover developed, with 13/1,250 a/3,680 56 1,800 i
lenkage 1n search better adheslye Lo faedhorn,
aterme feedhorn
sover unit
Resislor R-B03 in R-B03 was changed Irom a 2-
USR Modulntor watt 5% enrbon compoadition
to a S.watl 3% wire-woung
reslstor, During Functional
Test: 13/1,740 0/3,760 92 1,630 B:1
“R-1601, CR-1602 Filters were added to erystal 62/5,760 14/14,140 it] 700 8:1
C1 zstals in USR monitoring circuit; test leads s
-7 Unit used ip monitoring crystat
current were shortened; tn-
provements were mads In lest
‘box {0 monitor arysial aur-
rent, 5
Blower Motora ln Inatalled finproved lype 44/31,250 4/28,750 560 3,720 4:1
Emanaling Guld- blower motar,
ance
CR-50L Crystal in 2, Test leads ware shortened, 21/2,720 3/8,820 28 1,020 6:1
Relay Tranamitter h. Improvenunts were made
In the lest box used fo
monitor erystal current,
PS<1703 Tranopac PS-1701 transpac was re- 10/2,240 0/%,175 145 3,120 51
in Dive Angle placad with a Bell Alrnrafl
Cormputer designed D-C filament supply 5
vsing sllicon diode rectifiers
in place of zelenjum type
rectifiers,
IRCS Accelernm-~ Speclal shipging containers, 40/17,300 /12,600 550 1,0m2 211
nter Noise {Hter eapacllar,
Bell Alrcrafi sealing technlque.
Miaaile Vollage Uze of derating and safety 22/248 8/646 8 50 3.1
Regulaior iactors, Impraved relay, . (Based on eyeles of epeyation)
selscted tubes, and improved
workmonship and packaging
techniquea.
Cas Generator Replaced ganket mide of blve 29/34 1/88 -/ 15 1451
Package Lenkage Alricen wabestoa with one (Baged on number of englites tested and number ef lep . observed),
made of Canadian asbeatas,
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TABLE XIX

IMPROYEMENTS IN FOUR COMPLEX ELECTHONIC COMPONENTS
(During Factory and Field Tests)

Electronic
Component

Mean-Time-~Between-Discrepancies, In Subsystem Operating Hours

GAM Nos.
75-85

GAM Nos,
B87-101

GAM Nos,
102-111

GAM Nos.
112-121

GAM Nos.
122-134

GAM Nos,
201-222

Radar Moduiator
Radar R-T Unit
Relay Transmitter

Command Unit

50
15
11

17

37
22
14

34

82
40
a8

42

130
100
T2

42

174
101
42

41

372
133
T4

ki

F. VERIFIED IMPROVEMENTS OF INDIVIDUAL PARTS

This subsection shows some of the specific prohlems for which
quantitative improvements have been documented. The observed
fallure rates, shown In Table XX, are given for the missile test phase
(i.e., the components : vparts were operated in a miasile), unless
otherwisenoted. The failuie rate is expressad as the number of failures
observed divided by the number of part-hours of operation (such as
50/6780), or the number of failures dividedby the total cycles of opera-
tiom, depending on the nature of the eguipment being analyzed.

To provide a measure of statistical significance, these failure
rate data are shown in the form of the minimum 90% confidence Hmit
for each mean-time-between-failures (MTBF). These data are of
greater usefulness than the cbserved MTBF since it can be stated, with
30% confidence, that the actual MTBF for this equipment is no less than
that presented in Table XX, Itcanbe further stated, with 90% confidence,
that the actual improvement ratiofor each partis no leas than the {igures
contained in the improvement ratic column,

COMHDENTIAL 39
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TABLE XVIII

MMPROVEMENTS IN SIX MAJOR BYSTEMS IN THE RASCAYL MISSILE

(Expressed in Mean-Time-Between-Failures in Hours, as Measured During
Factory Tests)

R&D Missiles Production Missiles Reliability
Major Syatem (GAM Nos, 75-101) [ (GAM Noa. 102-221) | 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~
: ing System)
Emsznating -Guidance 10.4 20.4 2.0-to-1
Propulsion (Engine Only) 6.8% 15.6% 2.3-to-1
GAM Auxiliary (Less 15.4 : 44.2 2.9-to-1
Hydraulic Pump and
Delay Timer)
Fuzing No Failures Observed ————
*Based on engine acceptance test data,

E, VERIFIED RELIABILITY IMPROVEMENTS IN ELECTRONIC COMPONENTS

Four of the most complex electronic components, representing
25% of the complexity of the entire missile, demonstrated the most
significant improvement in the rel‘nbllity of electronic components,
An analysis made of the folal discrepancies observed during missile
testing shows, in Table XIX, the very large improvements gbtained
on the four components during the Rascal reliakility program.

The increase in reliability of the Radar R-~T Unit and Radar
Modulator was atiributed to the following actions taken by the vendor:
(1) Incorporation of design improvements and better parts.

(2) Application of safety factors and derating factors in the use
of parts.

{8) Use oi standar'dized Bell Aireraft workmanship techniques.
(4) Subjecting of all components to limited-environmental tests.

Birnilar improvements weré incorporated into the Relay Trans~
mitter and the Command Unit at Bell Atrcraft Corporation.

38
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TABLE XVII

DIRECTOR AIRCRAFT SYSTE24 OBSERVED MEAN-TR{E-BETWEEN-FAILURES (IN HOURS) DURING FIELD TESTS

Holloman Egtin
Original Prolotype Systems Prototype Syslems | Production System
Noa, 6&8 | Nos. k14 | Nos. Bki4 Nom. 5 & 14 with Production Total NMoa. 108, 118, 120,
Feb, 56 Sapt. 54 Fan. 37 23 Production Syslam No. 107 } Feb, 58 121 & 135 During
. Goal through thraugh through Components 15 Fab, 57 to {hrough Tatal Qparation
System (s Houra) Aug. 58 Jan, 57 July 57 Aug. 3T-Ock- 57 15 Avg. 87 Oct, 37
Director Aircraft 145 T oas 73 5.8 8.5 . 1,7 8.4 15,5
Guidance (AN/
APW-17)
Direclar Ajrcratt 85.¢ 23.8 48.5 230.0 80,0 Greater than 2.3 441.2
Mimcellzneous 125.0
Director Alrcrait 12.4 3.8 a3 8.2 6.3 11,7 5,9 14.8
Over-alt

3. Total Director Aireraft

The reliability trend of the Director Alrcraft System, con-
ailsting of the AN/APW-1"7 System and the Director Aircraft Miscellane-
ous System, is shown graphically in Figure 5 for ground and airborne
operations. The AN/APW-17 System, because of its very great com-
plexity provided the main cifect on the over-all reliability of the Direc~
tor Aircraft System as can be seen by comparing the values of the
AN/APW-17 System to the over-all Director Alrcraft in Table XVIL
The Director Aircraft System at Eglin demonstrated 2 2.3-to-1 im-
provement over prototype equipment used to launch the last elght R&D
missiles at Holloman.

. VERIFIED IMPROVEMENTS IN MAJOR MISSILE SYSTEMS

An analysis of test data for the slx major systems of the Rascal
missgiles, recorded during the final test phasa in the factory, is shown
in Taple XVIO. It will be observed that the improvements between
major systems Installed in R&D missiles and production missiles
(B&ST and Squadron misailes) ranged {rom 1.8~to~-1 upto 2,8-to-1,
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Average Number of Composite System
Tests Conducted on Missiles Before
Being Considered Acceptable for

Groups of Missiles Delivery to the Customer

RrR&D Missilesa:

GAM Nos, 75-85, 95 6
GAM Nos, 87-101, less 95 19
E&ST Missilea:

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

Squadron Misslles:

GAM Nos. 122-134, and 8
201-221

The growth of reliability of the Rascal missile is graphically
shown in Figure 4, The E&ST migsiles required an average of only
eight compaosite system tests before acceptance and, in additlon, reached
a higher degree of successiul performance earlier in the test phase than
previous missiles. The squadron missiles reflected even a higher
reliability, still sarlier in the test phase.

C. VERIFIED IMPROVEMENTS IN THE DIRECTOR AIRCRAFT

i. Director Aircraft Guidance (AN/APW-17) System

Table XV 1l shows the iraprovements obhserved on the Director
Aireraft Guidance System during ground and airborne tests in the field.
The first significant improvement can be seen after the introduction of
production system No. 107, used to launch two of the R&D missiles, The
production systems used at Eglin to laknch E&ST missiles demonstrated
a 2.4-to-1 improvement over the prototype systems used to launch
the last eight missiles at Holloman {these prototype systems contained
23 production components). The later production systems, Sysiem No.
128 and subsequent, which were installed in B-47 airerafi to launch
squadron missiles, were expected to give a significantly higher relia-
bility than earlier systems because of the incorporation of worthwhile
design Improvements. .

2. Director Aircraft Miscellaneous System
Table XVII shows that the Director Miscellaneous systems

at Eglin demonstrated a 2,5-io-1 improvement over the equipment in
use at Holloman at the end of the R&D program,

(8]
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- TABLE XVI
OBSERVED RELIABILITY OF MISSILES AT THE COMPLETION OF
FACTORY TESTING
Total Tactical Miasile, | Tactical Missile,
Inclnding Propulsion Less Propulsion
Syatem Syatem
Prior to Expanded Reliability 30% ** 450 +**
Program, October 1955
GAM Nos. 47, 49-56 (R&D)
After Expanded Reliability Program,
COctober 1956
GAM Nos., 75-85 (RE&D) 530 % 66%
CGAM Nos, 87-101 (R&D) §9%*> 9%
GAM Nos, 102-111 (E&ST) i 01%,
GAM Nos, 112-121 (E&ST) - 90%
GAM Nos. 122-134 (Squadron) - 89%
GAM Nos. 201-213 (Squadron) - 88%
GAM Nos. 214-221 {Squadron) - 830%

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

orApproximate, Reporting system was not fully efiective.

W

2, Buccess of Composite System Teais

Effective with GAM No. 87, reliability requirements for con=
ducting at least 15 composite system tests i{n the factory were estab-
lished. This decision was based on the debugging characteristic ob-
served on the life test missile, GAM No. 78, As the rellability of
production missiles increased during the Rascal program, the need for
the factory debugging teats dimiriashed and, effective with GAM No. 104,
the requirement for composite system teste was reduced from 16
{minimum) to 5 {(minimum)., The following tabulation shows the average
number of composite system tests conducted on, the various configura-
tions of the Rascal misile, effective with GAM No, 75,
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SECTION Vil  RASCAL RELIABILITY IMPROVEMENT PROGRAM

This sectlon of the report summarizes the basic methods and
results of taking correctiva action on problems eixperienced on the
Rascal Weapon System,

RASCAL CORRECTIVE ACTION PROGRAM

The originzl corrective action program for the Rascal Weapon
System utilized Discrepancy Analysis Teama (degcribed inSectionIIl-A,
Bell Alrcraft Corporation Report No, 56~989-109) to investigate failures
and specify necessary corrective actions. Approximately 650 teams
were formed in the period October 1855 io November 1857 to analyze
and solve individual problems,

As the reliability program progressed and ag large quantities of
valid data became available, 2 more effeciive method was established for
taking corrective action on Rascal problems. Problemdefinition sheets
were established for all known repetitive problems and a priority of
importance was aasgigned to each problem (described in Section II,
Bell Aircraft Corporation Report Nec, 56-888~117). By this method,
over two hundred problems were anzalyzed.

The importance uof the two hundred repetitive problems is shown
by  the fact that, in the various factory and field test arear, these
repetitive problems constltuted from 15 to 90% of all discrepancies in
the missile apd irom 40 tc 80% of all 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 effective
carrective action.

B. VERIFIED RELIABILITY IMPROVEMENTS IN THE MISSILE

1. Observed Reliability

A significant increase in the level of observed reliability of
missiles tested in the factory after the inception of the expanded relia-
bility program has been verified, Table XVI compares the observed
reliability of missiles ag measured in the last phase of factory testing
at gignificant points in the program:

GO

AL

————

T ewn o e -



Report MNo. 55-085-120

WAL

SECTION Vi SUMMARY OF OPERATIONS AT McCOY AFB
A, DIRECTOR AIRCRAFT SYSTEM RELIABILITY

The inatallation of Director Alrcraft Guidance (AN/APW-17)
Systems in B-47 aircraft was completed on schedule as part of the
over-all program of converting these aircraft to Rascal-carrying
DB-d1's,

Thirteen AN/APW-17 systems (Serial Nos. 125, 126, 128 - 138)
were bench checked and Inatalled in B-47 aireraft which had undergone
modifications to the airirames to permit the carrying and launching of
GAM-83A Rascal migsiles. One additional system {Spare No. 1) was
bench checked and kept at McCoy Air Force Base az a bench set for
use in troubleghooting,

Since this program was esaentiallg; an installation program and
not an extended testing program, tests were conducted only to ensure
proper installation of the AN/APW-17 gystems,

Table XV shows the fallures observed on the major subsystems
during the initial installation tests. The failure rates derived from
these data do not represent the true reliability of the AN/APW-17
system in that the systems were not completely debugged after installa-
tion and captive flights {airborne tests using a Rascal missile or an
alrborne mis=ile simulator) were not conductedon the thirteen syatems.

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

Terminal
Subsystem Guidance Relay & Automatic Automatic Tracking
Tt Control Command Checkout Auxiliary Relay Antenna
Bupsystem | Subsystem | Subsystem | Subsystem Bubsystem
Supsystem Failures 5 3 1 3 0
Total Discrepancies, 25 i1 4 8 0
Including Inspection-
Type tems
Operating Time 121,85 85.9 83.0 187.5 20.8
(Hours) in B=47 Aircraft
Total Operating Time 245,17 158.9 298.9 426.3 34.9
(Hours) on Bench and
in B-47 Aircraft

B. MISSILE RELIABILITY
No Rascal missiles vere 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 of the rocket engine at Eglin AFB are considered the most
valid sources of data from which to caleulate the use reliability of the
Bell Aircraft rocket engine. 1t should be noted that the remaining com-
ponents of the propulsion system (tanks, etc,) are excluded from this

analysis.
Observed Reliability In
Percent of Successful Tests
Factory Engine Acceptance 96%
Tests {Inherent Reliability)
Alrborne Resulis of Rocket Before After
Engine Tegte obeerved at 30 June G8 30 June 58
Eglin AFB (Operational B1.2% 100
Reliability)
Observed Use Rellability for B4.6% 100%
the number of attempts shown Bagsed on 16 Based on 14
atiempts, attempts. -

3. Director Aircraft System Analysis

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

Observed reliability during ground
testa (this 1s a measure of inherent
reliability) . 89.6%

Observed reliability during airborne
tests (this is a true measure of
the airborne operational
reliabillty) 83.86%

Operational Reliability _ 83.6

Takerent Rellability - 89,6 = Jo:o®

Use Reliability =

32 G ENTIAL
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The 141 minutes consumed at Eglin to check out the director
equipment prior to launching a missile, plus the time required to ruide
the misaile in flight, were {ar in excess of the originally-plannea 11v
miinutes for this function. ’

F. DETERMINATION OF USE RELIABILITY
1. Migsile Analysia

y . The mest rigorous and atatistically-valid teats on the Raacal

: weapon system which produced data’ from which to calculate Use

i Reliability at Eglin AFB were those conducted on the misaile, less the
propulsion system and less the propulsion-assoclated components of

i the GAM auxiliary system. GAM Nos, 102 and 103 were not consldered

- for this purpose because they were utilized at Eglin to a large degree
for Air Force training purpoges.

] a. Analysis Based on Observed Rellability

The observed rellability (this is the probabllity of no

i ; failures during one hour of operation} of the E&ST missiles, less pro-
: pulsion aystem and less prepulsion-associated GAM auxiliary components
5 follows:

; Ohserved Reliability in Factory on
GAM Nos, 104-117 (Inherent Reliability) 90.9%

Observed Reliability at Eglin AFB, based
on ground and airborne tests on GAM
Nos. 104-117 {Total Field Operational
Reliability) 84.9%

Operational Reliability 84.8

Inherent Reliabilily =509~ 03.4%

Use Reliability =

b, Analysis Based on Success of Composite System Tests

The observed percent of successiul composjte system
tests on the E&ST missiles (GAM Nos. 104-117), less propulsion system
and less nropulsion-associated GAM auxiliary components, follows:

Observed Percent Successlul Composite
System Tests in the Factory (therent
Reliability) 6%

Chseryved Percent Succeasful Compomte
System Tests al Eglin AFB (Fileld

Ground Operational Reliability) 60%
. _ Operational Reliability _ 80 _
Use Reliability = o RoTabinty — ~ 86" = 1%
e
-
| Y
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MTBF (IN HOURS)

o

t )

GOAL BASED ON 70% RELIABLE WEAFON SYSTEM~-12.4 HOURS
— —— — T —— — ——— IOYD  — AR —  d—— —— —— —— — ———— ———— — — p— s — — —d
_‘
w—
38 6.3 52 6.3 1.7 59 4.6
NTBF MTBF MTBF MTBF MTBF MTBF MTBF
b PROTOTYPE PRODUCTION . TOTAL PRODUCTION
GRIGINGLT RRGTOTIRE. SXFTER SYSTEM SYSTEM SYSTEM SYSTEM
NOS.586  NOS.5B13  HC.5814 NOS.58 4WITH  NO. 107 NOS. 5,6, NOS. 108,
23 PRODUGTION t4 & 107 118, 120,
_ COMPONENTS 121 8 125
FEB. 56 SEPT, 56 FER.5T AUG, 57 |5 FEB.57  FEB. 56 DURING
THROUGH  THROUGK THRIUGH THROUGH THROUGH  THROUGH TOTAL
AUG. 56 JAN. 57 SULY ST oCT. 88 IS AUG. 57  OCT. 57 OPERATION
AT HOLLOMAN AT EGLIN

Figure 5. Total Director Aircraft System Mean-Time-Between-Failures Obse:ved During Field Tests
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Two reliability-type failures were experienced during ground
and airborne fests of the [ive active Director Aircraft Miscellanecus
Systems in use at Eglin AFB,

The cbserved reliability of the flve systemam, based on 883
hours of operation and a 150-minute planned misslion, was 99.4% for
the entire Eglin ground and airborne oparation.

3. Director Aireraft System

The observed relirbility of the over-all Rascal Director
Aircraft System, a product of the AN/APW-17 system reliability and
the Director Aircraft Miscellaneous System reliability, was 87,9% for
the entire ground and airborne Eglin AFB operation, based on the
planned mission timea. The observed mean-time-between-failures for
the Director Aircraft System operation at Eglin iz compared to the
Holloman observations in Table XVII and Figure §.

4. Observed Reliability Versus Goal

The reliabilities observed at Eglin A¥B are comparead to the
reapective goals established for the Director Alrcraft -Systems, based
on an over=zll weapon system alrborne rellability goal of 10%, in the

following summary:
OBSERVED RELIABILITY

Ground § Captive | Takeoff-to- §{ Combined
Sysiem Tests Flights Target Tests Goal
Director Aircratt 90.0% 33.2% 83.6% 88.4% 87.6%
AN/APW-17 g
Direcior Aircraft 99.6% 97.0% 100.0% 99.4% 97.1%
Miscellaneous
QOvez-all Director 89.6% 90.4% 83.6% 87.9% 85.1%
Aireraft System

’c/oﬁwwmr"’

: These observed reljabilities, except for takeoff-to-target,
are based on 115 minutes of planned misslon time for the Director
&ircraft Guidance (AN/APW-17) System and 150 minutes of planned
migsion time for the Direetor Aircraft Miscellaneous System, The
takeolf-to-target f{igure is glven in rellabllity per Eglin misgion.

The obgerved average operating time far each system, for
completed misaions on the Eglin firing range, was:

Director Alrcrait Guidance System 141 Minutes
Director Aireraft Miscellaneous System 141 Minutes

29
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E. DIRECTOR AIRCRAFT EQUIPMENT RELIABILITY

1. Director Aircraft Guidance System (AN/APW-17)

The obgerved rellabilities during ground and airborne tests
for the five active Director Alrcraft Guidance Systems (AN/APW-1T)
in use at Eglin AFB were as presented in Table XIV.

TABLE XIV

AN/APW-11 Installed In Obaerved
System No. DB-4T No. Reliability*

108 348 9%

118 ; 187 87%

120 165 91%

iz 3 188 87%

125 168 82%

*This observed reliability is the probability of no failures
occurring in the AN/APW-17 syatem during the 115
minutes of planned uperation accumulated during a normal
airborne mission or during 116 minutes of ground testing,

The over-all reliability data for the five AN/APW-17 systems

follow:
Syatem Operating Time 807 Houxs
Airborne Operation 189 Honrs
Ground Operation 818 Hours
. Number of Reliability -
Type Failures 52
Observed Reliability Per
Planned Mission 83.4%
Mear-Time-Between-Faitures 15.5 Hours

The observed mean-time-between~failures for the Director
Aireraft Guidance System at Eglin 4AFB iz compared to the Holloman
observations in Table XVII.

2, Direcior Aircrait Miscellaneous System
The Miscellaneous System in the Director Airnraft consisted
of:

(1) Missgile Release Navigaiion Computer Subsystem
(2) Hydraulic (GAM Asaociated) Subsystem
(31 Electrical (GAM Associated) Subsystem

COWFIDENTIAL
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TABLE XII

RASCAIL PROPULSION SYSTEM PERFORMANCE DUIUNG AIRBORNE
OPERATIONS AT EGLIN AIR FORCE BASE

Phase I (Takeoff-to-Launch) Phase I {Launch-to-Target)
Prior to After Prior to After
Item 30 June 1958 30 June 1958 30 June 1858 | 30 June 1958
Attempts b 14 3 8
Successes 10 14 2 i *
Per Cent Successful 62% 100% 687% 88%*

*The one unsuccessiui airborne propulsion system pperation during this
period was causged by a procedural error in draining the fuel system,
causing cavitation in the fuel tank during {light.

3. Performance of Propulsion-Associated Components in GAM
Auxiliary System

The propulsion-agsociated GAM auxiliary components in the
Rascal migsile were:

Hydraulic Pump " Alternator
Delay Timer ' Voltage Regulator

The percentage of successful operation for the four com-
ponents in this group was calculated {rom the attempts and auccessges
of missions, rather than from elapsed time of operation. The per-
formance of thie group of componentz during Phase 1and Phase II of
the alrborne miggion is shown in Table XII,

TABLE XTI

AIRBORNE TEST RESULTS FOR PROPULSION-ASSOCIATED
COMPGNENTS CF GAM AUXILIARY SYSTEM AT
EGLIN AIR FORCE BASE

Phase I (Takeofi-to- Launch) Phase I {Launch-to-Target)
. Prior to After ¥ Prior to -After
Item 30 June 1858 | 30 June 1858 30 June 1958 | 30 June 1958
Attempis 18 14 3 8
Successes 14 12 3 7
Per Cent Successful 88% 86% 100% 88%

Co ENTIAL : 21
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The over=-all reliability data obtained from tests on missiles
at Eglin Alr Force Basa follow:

Equivalent Missile Operating Time

During Ground and Airborne Tests 910 Hours
Number of Reliability-Type Failures 145
Observed Mean-Time-Batween-

Failures 6.3 Hours

Observed Reliability of Missiles, Less
Propulsion System and Less Pro-
pulsion-Agsociated GAM Auxiliary
Components, during ground and air-
borne tests 85.3%

(The observed reliability is tne probability of ac fallure
during one hour of field teating on the ground or in the air,)

The reliability goal for missiles, less propulsion system and
less propulsion-associated GAM auxiliary components, was 86,5%, based
on & 70% reliable weapon system (equivalent to a mean-time-between-
failures goal of 8.8 hours),

The observed average operating time ior missiles during
alvborne prelaunch checkout and post-launch operation was 2.2 hours
based on the eleven missiles launched over the Egiin firing range. The
obgserved average migsile operating time at Eglin greatly excéeded the
originally-planned one hour mission, consisting of the prelaunch air-
borne checkout and the post-launch missile flight.

2, Propulsion System Performance

The Rascal propulsion pystem consisied of the tollbwing
subsystems:
Nitrogen Subgystem
Turbine Pump Subsystem
Thrust Chamber Subsystem
Engine Miscellaneous Subsystem
Missile Installation Subsystem
Propellant Storage Subsystem
A comparison of the performance of the propulsion system

experienced during airborne operations prior to and after 30 June 1958
is glven in Table XII.
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TABLE X o
TEST RESULTS FOR MISSILES, L.LESS PROPULSION SYSTEM AND LESS PROPULSION-ASSOCIATED
GAM AUXILIARY COMPONENTS, DURING GROUND AND AJRBORNE TESTING AT EGLIN AFB
As of Dscember 19358
MISSILE NUMBERS gam
Nos,
102-
Item 102** 103 104* 104 105 1pd8 107 108 109 110 111 112 113 1314 115 116 {17%* 117
Absexrved Heliabilily of BE% B6% 8T%h 92% 84% 87% 86% 78% 100% Ou% 86% 86% 8% BTH % BTH 6% B6% °
IMissile, Less Propulsion
System and Less Propul-
slon-~Aszocialad GAM
Auxiliary Components**s
Compesite Syatem Tests:
Number Conducted 10 9 2 k] 4 1 H R 1 3 2 5 2 K 2 2 2 50
Number Successful 5 5 1 2 1 1 1 4 1 2 2 3 2 1 1 I 1 34
Pex Cent Succeasful = - - - - - “ - - & - & # = = = % 58%
® 8AM No. 104 wan returned to the Logislics Depot to repair damages nau'led by an acid leak,
‘The firat column centzin data {rom teais conducted on this missile prior {o ila return to the depot; the secand column
rcontains data jrom tests condusted after its return ta Eglin AFB 23 a rebailt miasile,
=% GAM Nas. 102 and 117 did not complete fleld testing at Eglin AFB due to canceltation of Raseal program.
4%+ Probabliity of no lailure during one hour of field tesilng.
TABLE XTI
HKISSILE OPERATING TIME {IN HOURS) AT EGLIX AFB
(Cumulatlve As of December 1858)
MISSILE NUMBERS GAM
Nos.
% 102-
Major Clrcnil 102¢* 103 (04+ 104%* 105 106 107 108 103 110 111 112 113 114 {I§ LJ6 Q17++| 117
Master Power 289 226 34 92 130 80 99 104 20 32 48 T 33 2 39 1% 19 1324
Non- Emanating Power 212 199 28 as 110 45 86 81 16 28 37 " 30 28 38 14 18 1104
(Sexvo B+}
lydrautic and Servo 123 113 19 a9 7 30 48 68 14 19 32 50 20 20 18 5 14 37
Antenna Spin Drive 0T 9 13 45 46 22 38 B4 L1 17 25 48 15 20 18 g 14 506
IRCS &7 11 12 as 42 18 38 57 ] 15 18 34 17 13 24 10 L] §49
Radar Low Voliage 209 183 24 86 §3 42 69 B§ 18 28 30 T 30 20 34 14 iz 1061
Radio Low Voltage 210 125 20 3 87 42 62 87 18 20 30 74 30 28 34 14 iz 1008

* GAM No. 104 was relurned to the logletics depot to repair damages caused by an acid lesk., The first columa containg data
[rom tusts conducted on this missile prior to Il #elurs to the depot; the aacond column contalns data {rom teats conductad

after ity return io Eglin AFRB as 2 rebullf missile.
#= GAM Nos. 102 and 117 did not complete L. 1d testing at Eglin AFB due to cancellation 4f Rasuat program,

M
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It is significant to note thal for seven missiles (GAM Nos. l
106, 109, 112, 113, 114, 115, and 1186) the conditions which caused the j
) missions to be unsuccessful were coniirmed {o be present on take-off j
] or were analyzed as most likely to have been present prior to take-off. * !

This analysis indicated the firm need for additional checkouts to be
performed prior to take-off for a launching missionor the implementa-
tion of certain precautionary maintenance procedureg and policies as i
applicable to each misaile. I

C. WEAPON SYSTEM GROUND TESTS (COMPATIRBILITY TESTS)

The success of compatibility tests conducted on .the Raseal
weapon system (missile and director aircraft) on the ground at Eglin
AFB ig shown in Table IX, !

It was concluded that the 84% 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 ] I
to detect and correct unfavorable conditions that could result in subse-

quent aborts. The more critical testing was considered a direct bene- ; ]
ficial result of increasing the technical support at Eglin AFB, This :
conclusion appeared justified by the large decrease innumber oi aborts
per miesile Jaunched subsequent to 30 June 1958,

TABLE IX |

.COMPATIBILITY TESTS RESULTS AT EGLIN AFB '

Prior to After
Compatibility Tests 30 June 1958 30 June 1958
Total Numbex Conducted 54 45 j H
Successes : 38 29
Failures: 16 16
{Migsile) (14) (14)
(Director Afrcraft) {2) (2)
Percent Successful T0% 64%

D, MISSILE RELIABILITY

1. Reliability of Missile, Less Propulsion System and Less
Propulsion~Associated Components in GAM Auxiliary System

The observed reliabilities of the E&ST misgiles, less pro-
! pulsion system and less propulsion-associated components in the GAM
i auxiliary system, as observed during ground and airborne tests, are
i shown in Table X. Included in Table X is a record of the composite
system tests conducted on each missile at Eglin AFB, Table XI contains
a summary of missile operating timeé by major circuits,

2 CON TAL |
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TABLE VII
PHASE II (LAUNCH-TO-TARGET) TESTS AT EGLIN AFB

ANALYSIS OF LAUNCHES DURING AIRBORNE WEAPON SYSTEM OPERATION

Date of Missiis Launthing Results in Phase JI*

Launch Number { Atreraft No. {Launch-to-Target) Notes
2-17-58 105 185 Successful. (1}
4-18-58 106 185 GAM Auxiliary System failure, (3)
5-23-58 | 109 185 Rocket engine shut down at {3)

approx, 100 seconds.
6-19-58 107 185 Emanating Guidance failure; (2)
reached target area on Inertial
Guidance Syatem,
7-25-58 114 348 Emanating Guidance failure; {(2) & (4)
reached target area on Inextial
Guidance System. Improper
warhead firing.
B-1-58 113 345 Launched on Inerttal Guidance {2) & (4)
System; reached target area.
Improper warhead firing.
§-22-58 115 187 Became unstable after launch, {3)
8-29-58 112 187 Launched on Inertial Guidance (3)
System; became unsiable afier
terminal dive; reached target
ared.
9-15-58 116 187 - Becams unstable after launch. (3)
9-24-58 103 346 Launched on Inertial Guidance {2)
System; reached target area,

11-10-58 108 187 Missile launched off course; {4)

beacon destruct.

11-18-58 104 168 Launched on Inertial Guidance {5)

System; loss of power at 97.5
seconds.

%A cornplete description of all airborne missions at Eglin will ke found in Appendix B,

Notes: (1) Completely succesgful. .
(2) Successful with respect to use of the back-up inertial guidance and

autopilot systems. <
(3) Buman error — {nadequate maintenance or checkout.

{4) Non-Bell responsibility.
(5) Part faliure,

W
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TABLE VI

PHASE I (TAXEOFF-TO-LAUNCH) TESTS AT EGLIN A¥B
ANALYSIS OF ABORTS DURING AIRBORNE WEAPON SYSTEM OPERATION

Prior to 30 June 1958 After 30 June 1958
Aborts Due to Aborts Due to
Miagile Tactical Equipment Missilea Tactical Equipment Misgiles
Number Faflure Launched Failure Launched
102 2 | Note (3)
103 8 1
104 1 1
i05 1-
106 2
107 1 1
108 3 1 1
109 0 1 .
110 1 0 Note (2)
111 0 Note (1)
112 1 1
113 1 1
114 0 1
115 0 1
116 0 1
117 i Note (3)
Totals 18 i 4 5 8
Number of 4.8 0.6
Aborts Per
Missile
Launched
Note (1); GAM No, 111 was jettisoned for safety reasons,
Note (2}: GAM No. 110 was accidentally dropped because of defective
missile relezse equipment in the B-47,
Note {3): GAM Nos, 102 and 117 did not complete field testing due to
termination of the program. -

2,

Phage II (Launch-Tp-Target) Tests

g WAL Ml
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Table VIII shows the Phase II (launch-to-target) test results
of missiles launched during the Eglin Air Toree Base operations.
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| SECTION V. SUMMARY OF TESTING
| AT EGLIN AIR FORCE BASE

I This section on the iesting program at Eglin Air Force Basze
covers the entire period from October 1857 to December (858, In
making reliability analyses of the Eglin testing, comparisons will be
made before and after 30 June 1968, at which tirne added Contractor
support became effective on the E&ST program.

A. ANALYSES BASED ONW USE OF INERTIAL GUIDANCE SYSTEM

In September 19858, a decision was made by the Ailr Force to
) continue to check aut the emanating 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-
craft would not be operating properly, the miggile would be lavnched on
the non-emanating guidance system {Inertial Range Computing System)
and autopilot system alone.

As z result, for emanating guidance failures of this type, the
fzilure of the emanating guidance equipment was charged to Phase I
(takeofi-to-launch). Also, when the missile was guided to the target on
inertial guidance and autopiiot, Phase II (launch-to-target} was con-
sidered a success with respect t¢c the new objective of "guidance by
inertial system alone™. g

B. WEAPON SYSTEM AIRBORNE TESTS

A complete description of all airborne missions conducted at
Eglin AFB, during the period October 1857 tn December 1958, is given
in Appendix B.

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

Table VII shows the results of Phase I {takeofi-to-launch)
tests at Eglin Air Force Base for the perlods prior to and after 30
June 1958, Of significance here is the eight-to~one reduction in the
number of aborts per missile launched during the perlod after 30 June
1858, based on failures in tactical equipment of the weapon system,

The improvemeni in Phase I operations after 30 June 1958
was attributed meinly to the effects of using more Contractor support
during fhis periocd, combined with the decision to launch several mis-
siles on the back-up inertial guidance and autopilot systems (i.e., with=
I out the emanating guidanee system),

” CONE EFﬁfs.L
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2. The AN/APW=-17 System Test Program

During the AN/APW-17 test program on thirteen systems,
forty-one discrepancies were discovered, Only nine of the forty-one
diserepancies were due to part {ailures; the remainder were ingpection-
type items, Twenty-three (56%) of the discrepancies occurred in the
first three systemg tested. The number of discrepancies decreased

. considerably during the middle of the program and the testing was

brought to a successful conclusion when the last four systems were
tested without the occurrence or observation of a single diserepancy.

C. EVALUATION OF DISCREPANT COMPONENTS

Personnel at the Logistice 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. During
evaluation, 88% of the components were confirmed as defective. No
discrepancies could be found in the remaining 12%. In the latter group,
test equipment discrepancies, tester errors, test procedure errors, or

component incompatibilities at KEglin and in the Depot were concluded -

to be ihe causes of these apparent discrepancies,

One hundred sixty-one of the confirmed dlserepant components
were repaired or readjusted by Depot personnel to put them back into
gerviceable condition. The remaining twenty-fiyve were scrapped because
of the high cost of reconditioning the units. Nine of the scrapped units
were taken from GAM No. 104 after an acid leak occurred during an
atterapted launch,

CQ TIAL
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TABLE VI

MISSILE TESTS IN LOGISTICS DEPOT

ENTIAL

ITEM GAM NO. 117 GAM NO, 121
Composite System Tests Conducted 5 1 2
Observed Reliability of Misaile, Less
Propulsion System and Less Propul-
gsion-Associated GAM Auxiliary
Components 98.4% 91.2% °
Reliability~-Type Failures 1 1
Total Discrepancies .. 4 1
Mean-Time-Between-Failures 63.7 Hours 10,8 Hours
Operating Time:
Master Power 64 Houns 35 Hours
Non—Emannt{ng'Power (Servo B+) 32 Hours 23 Hours
Hydraulic and Servo 26 Hours 17 Hours
Antenna Spin Drive 8 Hours 5 Hours
Inertial Range Computing System 9 Hours 9 Hours
Radar Low Voltage 17 Hours 11 Hours
Radio Low Voltage 15 Hours 14 Hours

1, Testing in Fourth Quarter

B, DIRECTOR AIRCRAFT GUIDANCE (AN/APW-17) SYSTEMS

Testing of thirteen Director Aircraft Guidance (AN/APW-1T)
Systems for operationa! use was continued at the Air Force Logistics
Depot during October 1858, Five systems, Nos. 132 to 136, scheduled
for installation in DB-47 operational squadron aireraft, satisfactorily
completed testing at the Depot and ware shipped to McCoy AFB,

The testing of AN/APW-17 System No, 132 revealed four
diserepancies. No discrepancies were observed during the testing of

System Nos. 133 io 136,

19
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SECTION IV SUMMARY OF CPERATIONS

AT 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 accordance with Air Foree policy, which states that
‘'migsiles in storage for more than six months are required o undergo
composite system test prior to shipment {rom the Depot”, GAM Nos,
117 and 121 were subjected to composite system testing during October
1958. Table VI shows the reliahility results of composite system tests
conducted on these missiles. The operating time accumulated on
major circuits during Depot testing is also included. GAM No. 117 was
shipped to Eglin AFB, but GAM No. 121 was held at the Depot {or later
shipment to McCoy AFB.

2, Summary of Missile Tests

During the entire period of operations at the Logiaties Depot,
ten missiles satisfactorily completed one ar more composite system
tests, GAM No, 104 had considerable damage from an acid leak which
occurred during an attempted launch at Eglin AFB, g0 it was completely
reconditioned by Depot personnel prior to composite system test.
Eight of the ten missiles given compogite system teste were shipped
to Eglin AFB for flight testing in the E&ST program (GAM Nos. 118 and
121 were not shipped),

3. Missile Modification Program

All missiles at the Logistics Depot reguired some modifica~-
tions, through the installation of service kits, toc make them conform to
the latest configuration, Since much of the composite system testing
would have been duplicated after the installation of the service kits,
all missile testing was temporarily halted on 21 October 1358, pending
completlon of the modifications, Prio: to the termination o1 the Rascal
contract on 2 December 1938, modifications had been completed on
thirteen mlssiles, including GAM No, 104, Termination of the Rasecal
program precluded completion of the missile modification program,

(9}
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l D. FACTORY TESTING OF ROCKET ENGINES
A comparison of the results of acceptance testing of LR-6TBA-9
' rocket engines for f&D misgiles, E&ST missilesand sguadron missiles
Is contained in Table V.

TABLE V

ANALYSIS OF ROCKET ENGINE ACCEPTANCE TESTS

R&D Missgiles E&ST Missiles Squadron Missiles
{ GAM Nos. GAM Nos. GAM Nos. 122-134,
75-101 102-121 201-222
Number Tested 33 24%* 35
Total Tests Conducted 89 51 58
Tests Per Engine i 2.7 2.1 ' 1.7
Shutdowns Caused by 13 2 5
Engine Failures= 3
Prokahility of No Shutdown 0.8% 0.06 . 0.91
Due to Engine Failure

*Engine shutdowns caused by fest equipment failures or by testing errors were not
included. .

**Includes four gpare engines.

Further analysis of acceptance test data, with respect to the
probability of successful operation of the rockét engine, has shown the
following information:

R&D Missiles E&ST Misgiles Squadron Missiles
{Holloman) (®glin) (McCoy)

Probability of no shutdown 100% 100% 98%
i of the rocket engine during

acceptance tests after

"gimulated launeh"

This analysis indicates, for example, that the inherent relidbility
of the rocket engines installed in E&ST miagiles was observed to be 96%
and that after successiully passing simulated launch the reliability of
the engines for the remalinder of the firing approached 100%.

M 7
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PERCENT OF TESTS SUCCESSFUL
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80

SQUADRON CONFIGURATION
\ GAM NOS, 22-221

T0

y?n NOS. 102-121
A

e
GAM NGS. 56 —10I

60

E & ST GONFIGURATION

50

7— R & D CONFIGURATION

40

/ / GAM NOS. 75-95
_./
Y

30

20

5 10
ACCUMULATEDC TESTS

Figure 4. Cumulative Percentage of Success of Composite System Tests

on Rascal Missiles During Factory Tests
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ANALYSIS OF MISSILE RELIABILITY AND DELIVERY SCHEDULES

MNTIAL

During the period September 1857 to December 19858, this Con-
tractor fulfilled all monthly missile delivery schedules established by
the Air Force. This fulfillment of delivery schedules was accomplished
without jeopardizing the reliability of missiles delivered during this

period.

Effective with the dellvery of GAM No. 104, new reliability re-
quirements for (1) observed reliability, {2) percent successful composite

to ensure that the most economical reliability-assurance tests would be
conducted during the manufacturing process which would be compatible
wiih delivering a reliable missile on schedule.

It had been determined previously that the 15 composite system
tests which were a rsguirement for GAM Nos. 87-103 could be reducad
to a minimum of five composite sysiem tests for GAM Nos. 104 and
subsequent without sacrificing the reliability of the delivered migsiles,
Analyses had proven that the configuration of missiles effective with
GAM No. 96 was definitely of a higher order of reliability than previous
missiles and, hence, required less reliability testing in the factory
(considered here as misstle debugging tesats) ta provide assurance of
delivering a satlsfactory product.

Figure 4 shows that the later R&D missiles, GAM Nos, 86 through
101, were of a much higher relliabilin configuration than the earlier
R&D missilea, GAM Nos, 75-95. Alao in Figure 4 there can be observed
the fact that an acceptable cumulative percentage of successiul tests
was reached after an average of only eight tests on GAM Nos, 102 and
subseguent as compared to an average of 19 tests on the earlier R&D

missiles,
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72% T3¥%
5% %
84% il S
%54%, . ]
27%
e F—ﬂ Pra— —
Gau aAM gam QAN GAM GAM GAM
I NOS. [ ) ROS. NOS. ROS. NOS. ROS. KOS,
75- 87~ 102~ {12~ 122- 20!~ 214
| 85 101 i 121 134 213 221
RAD MISSILES € 8 3T MISSILES SQUAORON MISSILES

Figure 3. Success of Composite System Tests on Missiles Luring Factory Test

TABLE IV

TOTAL FACTORY OPERATING TIME BY MISSILE BLOCKS

{In Average Hours Per Missile)

R&D E & ST Operational Squadron
GAM Nos. GAM Nos. | GAM Nos. GAM Nos, | GAM Nos. GAM Nos. GAM Nos.
Major Circuit 75-85 87-101 102-111 112-123, 122-134  201-213 214.221
Master Fower 572 438 333 275 251 256 274
Non- Emanating 334 281 238 201 178 1 179
Power (Servo Bs) ;
Hydraulic & Serva 214 204 178 148 134 135 137
Antenna Svin Brive 40 47 39 80 57 N .48
IRCS 83 89 45 108 116 118 120
Radar Low Voltage 88 128 g9 98 94 88 45
Radio Low Voltage 98 101 81 a3 94 86 82
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B. FACTORY TESTING OF MISSILES - FEBRUARY 1956 TO DECEMBER 1958

OBSERVED
RELIABILITY
IN

PERCENT

A comparison of the reliabilities of misslles at the time of ship~
ment from the factory (by blocks of R&D, E&ST, and Operational
Squadron missiles, since February 1956) is shown in Figures 2 and 3
on factory observed reliability and percent of succesaiul composite tesis
conducted on migsiles during factory testing, Tha obgerved reliability
shown in Figure 2 is the prohability of one hour of fallure-iree opera-
tion during the factory testing phase and is a measure of the inherent
reliability of the Rascal missile, less the propulsion system. The
total faciory operating time accumulated on major missile circuits
is shown in Table 1V for all missiles tested since February 1956. The
total factory operating time includes the time of operation of the
migsile in the subsysatemn test phase plus the composite system test
phase.

ag —
9} ‘
% 50% 89%] B ek
80
79%
70
§6%
80
50
30
30
20
GAM GAM GAM GAM BAM GAM GAM
10 NOS. NOS. NOS. NOS. NOS. NOS, NOS.
75- a7~ i02- f2- 122- 201~ 2/4-
85 10 in 12} 134 213 221
e R 8D MISSILES E & ST MISSILES SQUADRON MISSILES

Figure 2, Factory Ohserved Reliahility of Missiles (less Prapulsion System)

13



[PRpe——

BEL meﬁ EORPOAATION

12

Bl T o

TABLE 11

FACTORY OBSERVED RELIABILITY AND COMPQOSITE SYSTEM TESTS
(Durlng Composite System Test Phase Only)

Misslle Numbers GAM Nos
Itom 214 215 216 217 218 218 220 221 214-221 Qoal*

Obzerved Reliability** of 429% 89.7% 89.9% £0,6% 93.1% ©52% 92.8% 83.4% 89.9% 86.5%

Misslle, Less Propul-

sion System and Less

Propulslon-Associated

GAM Auxiliaxy Com-

ponents
Coamposite Syatem Tests:

Number Conducted 9 9 5 8 1D 7 4 9 szigy Mmtom

Number Successful 1 5 5 5 [} 5 5 [ ‘\'g‘%-’e =

= g Gl
Per Cenl Suceesslul 8% 66% iN0% B83% 60% % G % 1% 50%

= A reliability goal of 86,5% was established {u1 ute missile less the propulslon gyatem and ess the
propulsion~zssociated GAM auxillary components, to meet the requirements of a 70% airborne
weapaon system.
4= This observed rellabllity ls a probubility of one hour of fallure-free operation during the factery
tesling phase, X

NOTE: (1] A successful composite system teat Is defined as one during which no
-reliability-type failures are experienced in the missile aystems,

(é] No ground firings were conducled on the above migsiles. All rocket
engines were fired during engine acceptance tests prior {o inatallation
in missiles.

TABLE 1

FACTORY OPERATING TIME (IN HOURS)
{Durisg Composite Syatem Test Phase Oniy)

Radar -Low Radlo Low
Hon-Emanating Antenna Voltage Voltage
Misalle Masler | Power {Servo | Hydraulic Spin {Unatiended {Retay and
Number Pawer B} and Servo Drive | IRCS | Search Radar) | Command)
214 112 93 71 38 70 78 "
215 108 kil a0 i1 T -65 66
218 82 i 62 50 52 57 65
217 1% 68 61 45 52 67 87
218 108 98 74 44 62 80 16
219 B9 55 49 42 42 51 A1
220 16 12 59 38 57 61 56
221 91 8 7] 44 &f k('] 74
Averape Bg Ed 84 43 80 a7 86
Time
Minimum
Require- None None 44 20 20 40 40
ment
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. SECTION 111 SUMMARY OF FACTORY TESTS AT NIAGARA FRONTIER FACILITIES

This section of the report includes significant regults of factory
tests conducted during the fourth quarter of 1858 and reviews the
results of factory tests from February 1956 to the end of the program
in December 1958, .

A. FACTORY TESTING OF MISSILES - FOURTH QUARTER OF 1958

Tables 1I and III contain reliability information on the last eight
missiles, GAM Nos, 214-221, which completed factory testing during
this quarter.

The observed reliability of 2 missile was calculated for the last
portion of faciory tesiing oniy, during which time the entire missile
was operated and formal countdowng were conducted. The iormal
composite system tests or countdowns consisted of:

Phase 1 - Simulating takeofi-to-launch equipment operation
Phase II - Simulating launch-to-target equipment operation

This last portion of missile testing has beendesignated as "Com-
posite System Test Phase', The rellability observed during the com-
posite system testing of the Rascal missile was a2 measure of the in-
herent reliability of that portion of the missile which was tested during
this period. 5

‘Analysts of the data contained in Tables II and I shows the
{ollowing:

{1) The cumulative reliability for the group of missiles tested in
the factory during this quarter was 89.9%, which compares
favorably with the 86..% missile goal necessary to obtain &
70% airborne weapon system rellability, This 89.9% observed
reilability figure was for the missile leas the propulsion
system and less those propulaion-associated components not
normally operated with the complete missile, except during
static ground firings or during airborne launching operations,

{%) Seventy-one percent of all valid composite system teats were
successiul.

(3) An average of 7.8 composite system tests was conducted
per missile this quarter as compared to the average of 19
composite system tests conducted per misslle on the R&D
missiles, GAM Nos. 87 through 101, during the factory
testing phase,

{4} The mimmum time requirements for all major circuits were
met in every case.
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borne missions during the operational (squadron-use) phase of the
program, No rsliability goal was established for the weapon system
specifically for the E&ST phage of the program. The reliability growth
curve shown in Bell Aircraft Corporation Report No. 56-988-117 {page
33) was uged as 2 moving~-goal objective for the E&ST and operational-
use phases of the program,

Shown in Table I are the observed reliabilities experienced on
factical major systems during factory and field testa on the Rascal
migsile and during field tests on the director aircraft. Six of the major
systems were observed to be better than the established R&D goeals;
two were ohgerved o he less,

Appendix D shows the observed reliabilities and established
reliability goals for all subsystems and components of the tactieal
weapon system. The corresponding information given above for Table I
also applies to Apnendix D,

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

(1) Missile, less Propulsion System: The probability of no fail-
ures during one hour of f{actory or fleld operation,

(2) Propulsion 3ystem: The probability of no failure during a
simulated or actual mission,

(3) Director Aircraft Guidance Sysiem: The probability of no
failure during 115 minutes of field operation,

{4) Director Aircraft Miscellaneous System: The probability of
no failure during 150 minutes of field operation.

An analysis of the 165 components included In Appendixz D has
shown the {ollowing observed performance on tactical Rascal components

throughout the reliability program:

No. of Components -
Which Equaled or
Exceeded Established

Reliability Goals for

No. of Components
Which Equaled or
Exceeded Established
Reliability Goals for

No, of Components
.On Which No Failures
Were Experienced at
Missile ar Director

a 70% Weapon System a 45% Weapon System Aircraft System Test

- Level in the Factory
Components in Factory Field Factory Field or in the Field
Missile 6 (66%) | 67(58%) | 89 (7%) | 74 (64%) 34 (20%)
Director Aircraft -— 28 {57%) ——— 39 (80%) 18 (3'1%)
Weapon System -—— 95 (58%) - 113 (88%) 52 (32%)

Note: ‘The numbers in paventhesis indicate the percentage of compenents
out of the total of 116 for the misaile, 49 for the director alrcraft,
and 165 for the over-all weapon system.
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TABLE I

COMPARISON OF OBSERVED RELIABILITIES AND ESTABLISHED
RELIABILITY GOALS FOR TACTICAL RASCAL SYSTEMS

Observed Reliabilityu)
{In Per Cent)

Airborne Reliability Goal
{In Per Cent)

Facfory* Field** R & D**» Operational****
< Major System Tests Tesis Phase Phase
! Missgile 63,0 9.8 64.6 82,3
Propulsion 82.2 75.8 90.2 95,5
Flight Control 96.6 95.1 94,1 97.3
) Non-Emanating Guidance 98,5 98.6 98.4 99.3
| (Inertial Range
Computing System)
i Emanating Guidance 93.9 89.8 83.8 92.4
! GAM Auxiliary 85.1 86.1 93.0 96.8
Fuzing 100 100 99.7 99.9
j l Director Aircrait Not 80.5 69.6 85.1
i} Applicable
[ Guidance Not 82.0 74.3 87.6
Applicanle
Miscellaneous Not 98,2 93.6 97.1
[ Applicable

¥ Tactory tests based on GAM Noa. Th to 221.
** Field tests based on GAM Nos. 75 to 117 and corresponding Director Aircraft Systems,

*#+ FEgtablished for airborne missions using GAM Noas. 75 to 101.
*okrk  Egtablighed for airborne missions using GAM Nos. 122-134 and 201-222,
Note (1): Included in these reliability calculations were fallures caused by human

errors, inadequate maintenance, and inadequate procedures, as well as
by inherent vnreliability of equipment,

Table 1 showa the relinbility goal estzblished for each factical
major system of the missile and thedirectoraireraft for the R&D phase

and for the operational (aquadron-use) nhame of the Rascal program,

An over-all factical weapon system reliability goul of 45% wis mutually
agreed upon, by the Alr Force and the Contractor, for airborne opera-
tions during the R&D phase, An over-all tactical weapon system: goal
Ty of 70% was established by the Contraetor us a design objective for air-
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B. MASTER CHECK LIST OF RELIABILITY PROGRAM, PRACTICES

A s

i i o

An informal check list of reliability practices, maintained by the
Director of Rellability to control the reliability activities of the Ragcal
reliability program, was expanded for application to other reltability
programs. The check list was published as:

"Master Check 1.ist cf Reliability Program Practices"
Reliability Handbook 7-58-2954-8
Fourth Edition, dated 17 February 1959

The "Master Check List of Rellability 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-for-improvement program inaugurated in October of
1955 played a significant role in the Rascal reliability program. A
total of 895 ideas for immprovement, pertaining to the Rascal weapon
system and initiated on the Equipment Discrepancy Report (EDR) form,
were received, processed, and directed to the proper authorities. The
henefit derived from this voluntary and personal efiort of Bell Aircraft

emyployees is shown below:

Number of ideas for improvement resuiting
in a change incorporated in the Rascal

weapon system 587 { 65.6%)
Number of ideas for {mprovement resulting

in-a change suggested but not incorpor-

ated because ol termination of the

Rascal program 35 ( 3.9%)

Number of ideas for improvement
answered but not considered adequate

for a change

Number of {deas for improvement not
answered because of termination of
the Rascal program T( 0.8%)
Total - 895 (100.0%)

266 ( 29.7%)

D. ANALYSIS.OF OBSERVED RELIABILITIES AND ESTABLISHED RELIABILITY

GOALS OF SYSTEMS, SUBSYSTEMS, AND COMPONENTS

Effective with the initiation of the expanded reliability program in
October 1955, a comparison of the observed reMability was made to the
established reliability goal for each system, subsystem, «nd component
on a gontinuing basis,

CONBHIENTIAL
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between-component-failures, inhours, is graphically presented in Figure
1. The tests shown in Figure 1 consisted of:

1) Factory Tesis:

{a) All companeni~level testing, including limited-environ=
mental tests on all components.

(b} Precomposite (subsystem) tests and composite system
tests on missiles, ;

{2) Field Tests:

(a) Ground and airborne tests at AFMDC (Holloman) on
components in GAM Nos. 75 to 101, less GAM Nos, 78,
86, 92 and 95, y

(b) Ground and alrborne tests at Eglin Air Force Base on
components in GAM Nos. 102 to 117,

The following conclusions have been made from the test results
shown in Figure i.

(1)

2)

(&)

(4)

(5)

The ubserve.d mean-time-between-component-{failures was
inversely proportional to the respective complexity of each
group of components,

The severity of the individual physical eavironments during
the limited-environmental tests on components was relatively
greater than the actual physical environments experienced by
components during mlsselile-level tests.

The limited-environmental tests acted as a debugging opera-
tion ags evidenced by a more than ten-to-one decrease of
failure rate during the f{inal 24-hour bench test as compared
to the Initial bench test.

The reliability ralculated for the missile electronic com-
ponents during the factory composite system teats has given
a very close estlmate of the reliability which could be anti-
cipated during actual airborne flight operations in the field.

The four-to-one increase in failure rate of electronic com-
ponents between the final bench check and the composgite
system test of the missile is due almost entirely to inter-
action effects and the effect of placing the 24 electronic
components in the confined and restricted-access areas in
the missile,

An anzlysis of the data from the various blocks of missgiles (groups
of ten missiles) ured io compile Figure 1 revealed that the sanie gen-
eral trend shown for all missiles, GAM MNos, 76-221, appeared in the
analysis of each block of missgiles.

B
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7" SECTION 1 RELIABILITY CONTROL ACTIVITIES

! A, ANALYSIS OF FAILURE RATES OF ELECTRONIC COMPONENTS UNDER

VARIOUS ENVIRONMENTS

ZONEF TIAL

In February of 1958, an analysis was made of the reliability
performance of 144 electronic components under various levels of
environmental =tress and when used under various complexity en~
vironments {operated as individual components or operated in systems
or missiles). This analysis was published in Bell Aircraft Corporation
Report No. 56-988-117,

The original analysis of the effects of environment on the
failure rate cof electronic componeantzs was exfended (o include all
misgsiles from GAM No, 76 to GAM No. 221. The analysis includes
ouly component failures cauged by parts or circuits. Failures attri-
buted to human errors or causes and dependent failures were excluded
from the analysi= in order to show more accurately the direct effect of

the various environments vpon the operation of the physical hardware.

The scope of the analysis and the statistical validity of the
results of the analysis are best shown by noting that the entlre study
was based on:

{1) Number of individual components analyzed - Over 2,080

{2) Observed number of companent failures - 3,217

(3) Number of cdmponent-hOurs of testing _ = Over 520,000

The three groups of slectronic components, totaling 24 components

per missile, represented 52.2% of the complexity of the entire missile
as gshown below:

Percent of Total

Number of Components Missile
Growup of Components Per Miasile Complexity
Servo 14 ; 16.3%
MNon-Emanating 5 4.5%
Guidance (Inertial
Range Compauting
System)
Emanating Guidance 5 31.3%
Total 24 52.2%

The effect of test environmenis on electronic components utilized
in GAM Nos. 75 to 221, with the failure rafe exprezsed in mean-time-
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malntenance technigues, increased evaluation of defective parts, and the
use of more effective quality control and preocurement techniques,

Life tests were conducted on all components of the weapon
system except telemotering equipment, Approximately 85 composite
gystem tests were conducted on the life-test miasile, GAM No, 78,
under various ambient and environmental conditions,

The Bell Aircraft reliabllity reporting system originated in 1863
and was made fully eifective throughout the Corporation in February of
1956, During the period February 1956 through December 1858, the
following rellability reports were accumujated:

Equipment Discrepancy Reports - 25,830
Reliability Report Cards - 107,335
Test Operating Time Reports - 30,000

The above reports cover faiiurea, successes, and operating
times of Raseal equipment.

The more than 163,000 reliability data reports ¢ollected on the
Rascal reliability program were used as a basis for identilying and
defining adequacies and inadequacies in the weapon system and served
to provide « measure of the effectiveness oi taking corrective action
on the varlous problems encountered on the program,
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(2) Analysis of reliability data. Recommendations were made to
management concerning problem areas where corrective ac-
tions would provide the most rewarding reliability returns
for a given expenditure of dollars and manpower,

(3) Reporting to management the effectiveness of corrective
action taken, to insure closing the loop'.

(4) Providing rellability data and analyses to various operating
organizations  within the Corporation and to various Air
Force agencies.

(5) Preparation, for management, of evalvation reports covering
the success of the entire Rascal reliability program.

C. THE RASCAL RELIABILITY PROGRAM

Formal rellability efforts at Bell Aircraft Corporation date from
1951, when a small engineering group was established to study relia-
bility problems from both design and test. points of view. A group of
six people surveyed the industry and documented techniques which would
be applicable fo a complex weapon system. Reliability analyses were
performed on datz gathered from various test centers. By the end of
1953, the reliability effort resulted in a contraciual requirement for
this guarterly reliability report {or the Rascal weapon system.

The original reliability effort was expanded, in October 1853,
into a full-scale reliability program from the Rascal weapon system.

The first missile of the reliability program, GAM No. 75, incor-
porated the Bell rocket engine (LR-87BA-9) and numerous other im-
provements over earlier missiles.

In the GAM Nos, 75-85 block of missiles, tubes were aged, com-
ponents were reworked and reinspected, and limited-environmentzl
tests were Initiated on all components, Beginning with GAM No. 87,
most electronic parts were 100% tested prior to uge in components,
components were built in accordance with improved standards, and
extensive composite syatem tests and supplementary tests were con-
ducted on missiles in factory testing. Similar rellabilily efforts were
conducted on production director aircraft guidance systems beginning
with AN/APW-17 system No. 107, alter all systems were reworked to
incorporate outstanding medifications. The prototype AN/APW-IT
syatems, used at Holloman to launch R&D missiles, were modified and
then retested under environmental conditions.

Further reliability efforts Included the establishment of tumerous
additional control drawings, the use of high-reliability degign fechniques,
part application reviews, design reviews, more effective preventive
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period to accelerate the missile to supersonic veiocity, At the end of
the thrust phase, the rocket engine enter:daLypass phase, continuing to
supply power for the generation of elecirical energy and hydraulic
power, while the missile flight became a controlled glide.

During the gyro-stabilized midcourse portion of the [light, an
inertial range-computing sysiem computed the range-to-go and caused
the missile to enter the terminal dive antomatically., During the termi~
nal portion of the flight, a radar relay ard command system enabled
the guidance aperator in the director aircraft to send course correction
signals to the migsile, The guidance operator also had the capability
to initiate terminal dive, and could operate the missile’s unattended
siarch radar and transmit azimuth correction signalg during midcourse
flight.

In a typical mission the director airerafi, using a standar
bombing-navigational system, preceeded to a predetermined launch
area., Immediately prior to launch, Lxformation regarding alrcraft
ground velocity, heading, and range-to-targei was imparied to the
missile to serve as initial condition data for its non-emanating guidance
system. After launch, the missile was under control of this gravity-
referenced system during the midcourse phase of the flight. Missile
alittude was controlled by an aneroid altimeter until terminal dive, At
a predetermined range from the launch point, the missile's inertial
range-computing system caused it to enter 2 nominal terminal dive,
During the dive, an unattended search radar in the nose of the migsile
illuminated the target area, and the radar returp from the target was
relayed from the missgile to the director aircralt, where ihe radar
display was viewed on the azimuth and elevationindicator whi, -howed
the position of the missile relative to the target. By sending guidance
commands via the microwave link, the guidance operator made correc-
tions to the dive and azimuthattitudes of the missile to assure a detona~-
tion within the required accuracy.

RELIABILITY ORGANIZATION

wi.a Director of Reliability directed, coordinated, and controlied
_Rascal reliability efforts within the operating divisions. An operational
group, the Reliability Control Section, supported the Director of Relia~-
bility and the various organizationz within the Corporation.

The Reliability Control Section performed the following functions
on the Rascal reliability program:

(1) Collection and processing of bagic reliability data on suc-
cesses, [ailures, and operating times, To insure that re-
porting of data was complete, rapid, and accurate, relia-
bility representatives were stationed at Air Force Plant 40
(System 1124 Logistics Depot), Eglin AFB, AFMDC (Hello-
man), McCoy AFB, and in critical factory test areas,
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SECTION |

INTRODUCTION

This ig the twentleth and last in a series of quarterly progress
reporis on the System 112A Rellability Program, The Rascal program
was terminated in December 1958, The quarterlyreports have provided
a comprehensive view of the reliability program; depicting the types of
teats which provide rellability data, showing the analyses employed in
determining actual reliability factors for Rascal equipment, and evalu-
ating reliability progress throughout the research and development

\Qa:\e as. well as the military-use phase of the Rascal program.,

i Thl;h‘nﬁﬁh report presents (1) 2 summary of the major relia-
bility eiforts and evaluation of the reliability results of testing at the

\

component and system levels In the factory, (2) a final report and

analysis of the test results observed in the Logistics Depot, at Eglin
AFB (E&ST program), and at McCoy AFB, and (3) a description of the
outstanding reliability improvements incorporated in the Rascal Weapon
System,

A detailed summary of all airborne missions which have taken
place at AFMDC (Holloman) and Eglin Air Farce Base since the
beginning of the full-scale reliability program, in October 1855, is also
presented. Analyses of the airborne missions, with conclusiong, are
also contained In this report,

A. THE RASCAL WEAPON SYSTEM

The Rascal {(GAM~83A} Wenpon System was an airborne instru-
ment of warfare designed to provide DB-47 bomber aircraft with an
increased capability for attacking and destroying heavily defended
strategic targets. Principal elements were: (i) GAM~63A missiles,
(2) DB-4T director airgzaft, (3) ground support equipment, and (4) train-
ing aids.

The GAM~-83A missile was a rocket-powered, supersonic, alr-to-
surface missile weighing approximately 18,200 poundg. Itcould deliver
a 2800-pound warhead 90 nautical miles with maximum speed (n excess
of Mach 2,5. At a miasile range of 75 nautical miles, it was capable of
providing an airburst of & epecial warhead with a ho. lzontal circular
probable error of not more than 1500 feet and, excluding errors in
weather prediction and target intelligence, a vertical standard deviation
of not more than 405 feet, Principal dimenslons of the GAM-83A
were; length, 32 féet; maximum didmeter, 4 feet; and maximum hori-
zontal apan; 17 feet.

. A yocket propulsivh systéem using inbibited fuming nitric acid
and jet fuel as propellants suppiied 12,000 pounds of thrust for 4 short
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Definitions

1,

o

System: Consists of one or more components capable of performing
one of the principal end-functions of the wesxpon system, Examples:
guidance system, propulsion system, electrical system, fuzing
system,

. Component: Normally 2 combination of detail parts, subassemblies,

and assemblies, and is a self-contained eiement of a complete
operating aystem which performg a function neceasary to the opera-
tion of the system., Eximples; receiver, transmitter, power supply,
turbine.

. Component Part or Detail Part: An element of 2 component of such

conafruction that it is not practically or economically feasible to
digasgemble for maintenance purposes. Examples: resistor, relay,
coil, capacitor, vacuum tube,

. GAM=~83A: The official USAF designation for the Rascal Missile; the

letters GAM indicate Guided Aircraft Missile.

. Director Aircraft: The airplane, usually a modified B-47 bomber

designated DB-47, which carried the GAM-B3A, launched it, and
directed it toward the target.

Reliability: The probability that equipment operating in a specified
range of enviranmental conditions will demonstrate accepiable-per-
formance during a specified period of operation.

. Operaticnal Reliability: For a military weapon system, a function of

the Usa Reliability muitiplied by the Inherent Reliability.

. Inherent Equipment Reliability: The buili-in reliability of equipment

which exists at the end of the productionprocess, i.e., at the poini of
delivery fram the factory to the using agency.

. Use Reliability: A function of the effect of vdrious maintenance and

application factors on the reilfability of equipment in the hands of the
using agency, i.e., after delivery {rom the factory.

Abbreviations

o 0o o

E&LST: Employment and Sultability Testing
RRC:  Reliabillty Report Card

TOTR: Test Operating Time Report

EDR: Equipment Discrepancy Report

. MTBF: Mean-Time-Belweern-Fajlures
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