A B

RESEARCH AND DEVELOPMENT

el

AT BELL LABORATORIES




e



RESEARCH AND DEVELOPMENT AT BELL LABORATORIES

tory

J

tH

rojec

October 1975

P




T

FRVPEN

e

[,




3
B4

PREFACE

In March 1955, Col, M. B, Chatfield of the Army
Ordnance Missile Defense Command at Redstone Arsenal
asked Bell Laboratories to carry out an 18-month study of
defense against future air threats including Intercontinental
Ballistic Missiles (ICBMs), then in early development in
the United States. This history begins with that study and
highlights the evolution of ABM defense during the ensuing
twenty years that led to a tactical operating ABM defense
system at Grand Forks, North Dakota,

It covers the important decisions, changing require-
ments, and major innovative development steps taken to
meet the changing threat. The research and development
programs associated with each major ABM system are dis-
cussed together with the principal radar, missile, and com-~
puter subsystems. The report concludes with a summary
of lessons learned with respect to managing such programs
in the future and includes a comprehensive bibliography of
supporting reference material.

iii



£ peeano




e

sl

CONTENTS

Part I. HISTORY OF ABM DEVELOPMENT

NIKEIDSTUDY . . . 0t v i i vt it i e it ot ottt oot e s aa oo

ABM Defense Requirements . . . .« « v ¢ v v v v v v v v 0 it s e e e e e e
Additional Defense Considerations . . . . . .. ... ¢ ¢ v vt e e e
Proposed ABM System . . . . . ¢« v 0 v i i ittt e e e e e e e
Results of NIKE I Study. . . & & & o v ot v o v o v o v o s o 0 o s s s o s o
AICBM RepPOrt « &« &« v v v 4 v o v 4 4 s e o v o s o o s s s 6 s o s s oo oo o

AICBM DEVELOPMENT CONTRACT — NIKE II/NIKE-ZEUS . . ... ... ..

Discrimination Radar . . . . « . v ¢ ¢ ¢t v o 0o v v o vt s e e e e e e
Acquisition Radar . . . .+ 4 v ¢ v 4 bt b s b e e e e e e e e e e e e e
ZEUSMISSIlE & ¢ v v v v v v v o o o s s v s o s o o oo s s o s o o a s o oo
Further Meetings on NIKE-ZEUS System. . . « ¢« « o ¢ v v v v 0 0 0 0 0 s s s

FIELD TESTING THE NIKE-ZEUSSYSTEM. . . . ¢« ¢« v « ¢ ¢ e 0 e v o o 0 o o

HIGHLIGHTS OF NIKE-ZEUSR&ED TEST RESULTS. . « ¢ ¢ v v v v o 0 o o o o o

ZEUSMissile TesStS « o « + & v o o v v o v s o o o s s o o o s s o s o s o s o
TTR-Whippany/ASCenSion. « « « « vt ¢ v v v v o o t o o o o s o s o o o o oo
White Sands Missile Range Tests . . . . .« « ¢ v ¢ o v v v v 0 e 0 00 o v o
NIKE-ZEUS System Testsat Kwajalein. . . . .+ v ¢ v v v v v o s v v v v o
Miss-Distance Indicator for ZEUS Tests . . . . « ¢ ¢« v v v 0 v v v v v 0 s o

SATELLITE TESTPROGRAM . « & ¢ v 4 ¢ ¢ ¢ o o e o s s o o o o oo s oaos oo
DISCRIMINATION AND SUPPORTING RESEARCH ON ZEUS PROGRAM . . . . .
ZEUSRED TEAM. . & ¢ &t v o i v v o v o o o s o o oo o s o s s s oo s s oo
ZEUS MULTIFUNCTION ARRAY RADAR —MAR-I. . . . .. .. ... .....

NIKE-X RED SYSTEM . . . &t ¢ v v et e v v o o m oo v oo s o o oo o oo

System Objectives » « « v ¢ ¢ ¢« v e o v v o o v s s e s st e e
SPRINT Missile Development . . . v ¢« v ¢ ¢ v o o v o v o 2 o o s s s s o o
Missile Site Radar — MSR. . . . + v v 4 ¢ o ¢ o s t o o ot s s s s s o o s o o
Multifunction Array Radar — MAR-IT . . . . & v ¢ ¢ 4 ¢ 0 o o o o o 0 o s s o s
Data Processing System. . . .« . v ¢ ¢ v v ittt i e e e e e



3
4
c 3

CONTENTS (Continued)

Part I, HISTORY OF ABM DEVELOPMENT (Continued)

REENTRY MEASUREMENTS PROGRAM. . « - .« v v s s ¢ o o o o 0 0 s 0 s o4 1-41
Nth COUNTRY THREAT . . v vt v vt et v o ve ve e onnees e, I-41
1-67 STUDIES LEADING TOSENTINEL SYSTEM . . 4 v ¢ ¢ ¢ ¢ o 0 s s s s o v s 1-44 ‘
SAFEGUARD SYSTEM .« & ¢ ¢ v o v o v o o o s s 6 o s s o s s s o o oo oo ss 1-45 i
ABM R&D SUMMARY . « v v v v v v vt e e et e e et e enaeenenns 1-48 '
Part II. MAJOR SYSTEMS AND SUBSYSTEMS |
Chapter 1. NIKE-ZEUS System 1
THE NIKE-ZEUS INSTALLATION . & & ¢ ¢ s o 4 o s s s s o o s s s s o s a s o 1-1
Defense Center. . . . . . . ot et e s e e s s e s s st e s s e s e e 1-2 ‘
Battery. . . . . ... .. et e e s s e s e s e e s e e e e e e 1-3
ZEUSACQUISITION RADAR & & 4 « « o ¢ s s 4 o o s s s o s o s s s s o o oo 1-4
Transmitting System. . . . . . . ¢ v v o v o i o b e i e st e e + e 1-5
Receiving System . . . & ¢ v ¢ ¢t ¢ o v 0 st et o e e et e s e e e e e e 17
Signal Processing Equipment . . . . . 4 o v v o v i vt b e b e s e s e e e e 1-8
DISCRIMINATION RADAR . . . . . .. . . et et e e e e e e e e e . 1-9
"Transmitter . . . .0 v e .. .. .. e e e e e e e e e e 1-11
Antenna . . . ... 000 v e e e e s e e s e e e s e e e e e s 1-11
Receiver . . « .« v v vt v v v v v v o e et et e e e s e e . 1-14 }
i
Data Processing Equipment . . . . . . . e e e e e e e e e e s e e e 1-14 )
TARGET TRACK RADAR. . .. .... et e e e e 1-14
Transmitter . . ¢ . o v 0 0 v o i it et e e et e e e s e e e s e e e e e s 1-14
Antenna. . . . . o0 i et e e e e s e e e s s e e e e e s e e et e e s 1-14
ReCEIVET & « + v v o v v v v v v v v w e e e e e et e e e e e e e .. 1-17
Data Processing Equipment . . . . . ... ... ... e e a e e e e e e e s 1-17
MISSILE TRACKRADAR . . &+ ¢ v v ¢ v ¢ v s o s s s o s e e e e e e e e e e 1-18
Transmitter « . ¢ . o 0 4 ¢ o o o 6 o b o o v e b e e s e s e s e e e s e 1-18
vi



CONTENTS (Continued)

Chapter 1. NIKE-ZEUS System (Continued)

ANtenna . . . v ottt e e e e e e e s s e s e e s e e e s s s s e e e 1-18
RECEIVET . v v ¢« v v i v e o o o s s o s s o s o o o 8 o o s s o o oo v e ae s 1-21 -
MISSILE. « « v & v o o o o o s o o s o s s s 2 = ¢ e a s o s s o s o s s o e aos 1-21
DATA PROCESSING EQUIPMENT . . . . . v v v v v m e v v et e et oo e e e 1-25
Functional Organization . . . . . . ... .. ... .. .. e e e e e e s 1-25
Modular Structure . . « « & v ¢ v ¢ ¢ ¢t ¢ o t o s o o o s s 0 s s 0 s s 8 a8 a 1-26
. Stores . & v v v vttt e e e e e s e e e e e et e e e e e e 1-32
. Chapter 2. NIKE-X System
: NIKE-X CONCEPT . & & v v vt v v oo ot ottt s ot o a s n s asnsonaas 2-3
DEFENSE OF STRATEGIC FORCES — TERMINAL/POINT DEFENSE . . . . . . 2-3
BASICNIKE-X SYSTEM . . 4 v v o ¢ s o s s o s s 0 s s s s o s 8 0 a s o6 o0 2-4
Threat Description . . « ¢ ¢ 4 & ¢ ¢ o ¢t o o o o 0 o 0 o o o s 0o s 0 o s s 0 s o 2-4
System Architecture and Operational Concept . . . . .« ¢« ¢ ¢ ¢ v v o v ¢ s o & 2-4
Functional Capabilities of Major Subsystems .. ... .. e e e e 2-17
Nth COUNTRYDEFENSE STUDIES. « « ¢ & « « o o o s o s s ¢ s s s s o ¢ o s a0 2-10
‘ Defense Objectives . . . ¢« o o v v v it i it ottt vt o oo v e v s e 2-10
g Threat Description . . . . . ¢ @ ¢ v i i v e 0 0 i ot v v ettt e o 2-10
’ Operational CoMCEPES « v v v v v « o o o o o o o s o o o o v o o oo o v o oo 2-11
Modified SPARTAN . . v ¢ vt o v ¢ o o o s o o ¢ o 6 8 o s o s o eoesesoeaes 2-12

DEFENSE OF STRATEGIC FORCES — TERMINAL HARDSITE DEFENSE . . . . 2-12

‘l PARALLEL ELEMENT PROCESSING ENSEMBLE . .. ... .. .. [P 2-13
: Hardware Feasibility . . . « . v ¢« v 0 ¢t 0 v 4 o 0 6 0 0 o 0 0 o s 0 0o o s o o 2-14
Software Development . .« . « v v v 4 4 ¢t s s 0 0 0 0 0 s w0 e e e e e e 2-14

Application Studies . . . ¢ . v v v i it et i e e e s e e e s e e 2-14

Lessons Learned . . . ¢« ¢ v o o ¢ o ¢ 0 s o s o 0 o e e e s e e e e e v . 2-15

REENTRY MEASUREMENTS PROGRAMS A, B, ANDC . . ¢ ¢ ¢ s ¢ s o oo . 2-15

Test ObJECtIVES « o v 4 o ¢ v v i o e o o o v o o s o s o s e o s s s n s o e 2-15

Target Vehicle SUMmMary . . o o ¢ v ¢ o v o o 0 0 o v o s o o 0 o 0 o o oo 2-16

Missions and Data ReportS . o . v o ¢ v 4 ¢ o ¢ e 0 o 0 o o s s s o s s o o o 2-16

vii



MULTIFUNCTION ARRAY RADARS

GUARDIAN (FORMERLY CAMAR) PROGRAM

SYSTEM DESCRIPTION

SYSTEM REQUIREMENTS AND DEVELOPMENT

CONTENTS (Continued)

Chapter 2. NIKE-X System (Continued)

MAR/TACMAR Subsystems . . . ¢ v v ittt i e e e e .
ConCIUSION & 4 v v v o 4 ¢ 4 ¢ s o s 0 o 0 s o o s o v n s a s s

Program Objectives . . . . . « v o o v o v v v o 0 0 s v 0 0 v o
Development ProgreSs . . o« « v o o o o o o s o o o o o o o o s
Development Plan . . o v ¢ ¢ ¢ o ¢ 6 ¢ ¢ « o 6 2 2 v o s s s oo s
Demise of the GUARDIAN Program . . . . « « s o a ¢ s s o o »

Chapter 3. SENTINEL System

Deployment. . . . . v v vt v v et v o e v v v v a e e e e
Area COVErage. « o + + o v o o s o o s o o 6 o a0 s o o s o oo
Minuteman Defense Coverage . « « « « « ¢ o ¢ s « s o » o e e e
Commandand Control. . . . v ¢t v v v v v v o v v oo v n o
System Operation and ReSponse. « . « ¢« « « ¢« ¢ ¢ ¢ v o s o o &
System Readiness Verification . . . . .. « . ¢« v v o v v o ..

Documentation . . . . .. .. ... ... s e s e s s e e s e e e
System Engineering . . . « ¢« v v o ¢ 0 o T e et e e e e e e
Missile Site Radar. . . « ¢ v ¢ ¢ ¢ v o o 0 o o 0 o s s s s o o
Perimeter AcquisitionRadar , . . . ... ... ... s e e e e
SPRINT Missile Subsystem . . « v ¢ ¢ ¢« ¢ ¢ 6o ¢ 2 o s 0 s 0 s o
SPARTAN Missile Subsystem . . « « « ¢ ¢« ¢ v o ¢ 6 0 v o s o &
Data Processing . . « ¢ & « v v v o o 0 s v o e 0 s 0 e o o s o s
SOftware « ¢« ¢ v v 4o e ettt e e e e e s et e e e e s
TesStiNg . « ¢« o ¢ o v o ¢ o v s o o s 0 s s s o s o s o s ot s oo

SUMMARY AND CONCLUSIONS . ¢ ¢ ¢ v o s o o o s e e e e

viii

The MAR-IProgram . . « ¢ o o « « o o o e s 0 6 s s o o 0 s 4
Functional Capabilities . . . + ¢« v v & ¢ ¢ ¢ e v ¢t 0 0 0 o s 0 o
System Description . . + 4 4+ v 4 4 4 ¢t 0 b 0 s b b s e s e e e
Multifunction Array Radar (MAR-II) . ... .. .. ¢ e v o...

o
B

§
s
L3



CONTENTS (Continued)

Chapter 4, SAFEGUARD System

MAJOR SAFEGUARD ELEMENTS . ... .¢ et v e s e s e e e . . 4-3
Perimeter Acquisition Radar , . ..............c0tterveenenns . . 4-3
Missile Site Radar .............cc00iven ... f e e 4-3
SPRINT Subsystem . . ... .....0cvveven.u, e e e s e e e e e 4-4
SPARTAN SubSyStem. « . . v vt v it it ettt st s v s e s oo s snsonenns 4-5
Data Processing System . . . . . . o vt it ittt s i ittt e s 4-6

SOFTWARE DEVELOPMENT .. ... ... 0o evus e e e e s s e e s ... 4-8
DevelopmentCycle . .. ... v i v i ve e e e . ... 4-8
Meck Test Facility . . .............0c v, et 4-9
TSCS and System EXercCiSer . . . . v v v vt v vt vt nsnosossnennoossases 4-9
Requirements .................... e N 4-11
Software DesSign . .. .o i v i ittt vt s v et e st . . 4-12
Codingand Unit Testing ... ... .. ittt it vttt oot onennnns . .. 4-12
Process and Functional Integration ............. Gt et a e e 4-14
Site Integration and System Testing . . . . .. .. i i v i v i it i it i i e 4-15

SAFEGUARD OPERATION AND'MAINTENANCE . .. ...ttt ierenenns . 4-16
Operational Overview. . . . . .+ oo v e v et v v au e e e e e ee s 4-16
Tactical Commandand Control . .. .......... ettt . 4-17
System Maintenance .. .. .. .. vt ve s to oo e e - 4-17
TSCS Operational Support .........c.00c.. e et et s et e 4-19

LESSONS LEARNED , ., .........c00veensnn . . ettt e 4-19
General ...... e et e e e et ee s et e e e s e e e .o 4-19
Support Computers .........0000000.. 4-19
Support Software . ........ 00 iii e ittt naas 4-20
System EXerciser. .. ... .. cv it vt e tsoteetasssenosnsoscssas 4-20
Patching, Debugging Tools, and Testing .. .. .. co et e s .o 4-21
Modularity, Redundancy, and Multiprocessing ...... ... 00 v eeees 4-21
Error Control . .. .. ...t ie v enveennnans . c et e e . 4-21
Maintenance Approach ... ... iv it ittt cet et aes s . 4-22
Development of Computer Languages . . ... ..o vvnoeeenn .o . 4-22
System Programming in PL/1 ., ..... e e 4-23
Professional Design Review , , ., ,........... e e e . . 4-23
Software Change Control . .. ....... ... .0 vc.. e e e e e e 4-24
System Constants . .. . ..o vuvruen. ... e e, 4-24

ix



CONTENTS (Continued)

Chapter 5. SAFEGUARD System Evaluation

APPROACH TOSYSTEM EVALUATION + & 4 4 ¢ o ¢ ¢ s o s ¢ s s s ¢ s s o o s s 5-1
MAJOR SIMULATIONS « « « « « v v v e v tneee e nme e e mee e .. 5-3
System Simulation . . « « ¢« v vt 0t bttt e e e e e e e e e e e e e 5-3
MSRSImulation . . . . . i i v i i v i v et sttt o vt ot s e o s oo u v 5-5
PAR/SPARTAN SAFSIM. . & & v v v v o o o o o o oo v oo oo o v e o n s 5-6
PAR Testhed. . . . . ¢ i i v v i i et e i e e e i e ot s ot s s o s oo o 5-7
SPRINT Engagement Simulation. . . . . . . ¢ . ¢ v v v v v o o v v v oo oo 5-8
SPRINT Intercept Simulation . . . . . ¢ ¢ v v v v v v o o v v v s v s o o 0 v 5-8
SPARTAN Intercept Simulation . . . . v ¢« ¢ ¢ ¢ v v ¢ 6 ¢ ¢ 0 o v 0 s 0 0 o s 5-10
ANALYSISAND KEYRESULTS. &+ « v ¢ ¢ ¢ ¢ ¢ o s ¢ o o o R IR 5-10
MSR/SPRINT Performance and Characterization. . . . . . . . ... ¢+ o . . 5-10
PAR/SPARTAN Performance and Characterization . . . ... .. e e e e e 5-14
SYSTEM TESTING ATMECKISLAND . . &+ ¢ 4 o+ s o o 0 0 o o s s s e s e e e 5-16
ObJeCtivesS o & ¢ v ¢ v ¢ ¢ o o o o 0 o o o s s o o s o s s s 0 s o s s e o s s s e 5-16
Test Requirements . ... ... ¢ 00 v v e oo e s s e e e e e e e e 5-16
Meck System versus Tactical System. . . « v ¢ v ¢ v ¢ v v 0 6 v v v o o 0 o 5-16
Test Targets versus Design Threat. . . . .« ¢ v v ¢ v o v v o v et 0 v o 0 0 5-17
SAFEGUARD Hardware Facilities and Functional Capabilities. . . . . . . . . 5-17
Data Recording and Reduction Facilitiesat Meck . . ¢ ¢ « ¢ ¢« ¢ ¢ v ¢ v« & & 5-21
Range Support Facilities. . . « . ¢« ¢« ¢ ¢« ¢« v o 0o v v 0 v v e 0 0 0 e s e e s 5-23
Program Coordination with Other Agencies. . . . . .« « ¢« ¢« v ¢ v v v o o v o™ 5-23
Program Planning and Mission Design . . . . . v v« ¢ v v o v o v s o s 0 4 e 5-27
Test Requirements Memorandum . « « « ¢ « o« o o « o o o ¢ s o o s ¢ o o o o s 5-27
Process Verification, Function Integration, and Mission Certification
atWhippany and MecCK « o ¢« & o ¢ ¢ ¢ ¢ ¢ o o o ¢ o o o s ¢ o s o s o o s o 8 oo 5-28
Premission Radar and Missile Checkout . . . . . . ¢ ¢« v v o v v 0 v v o v o 5-30
Mission Summary Information. . . . « « ¢« ¢ ¢ ¢ 0 4 e ittt e b e e e e e 5-31
Targets of Opportunity. . « o ¢ ¢ & ¢ ¢t ¢ ¢ ¢ o ¢ ¢ o ¢ e ¢ o s o ¢ s o o o s o 5-35
INTEGRATION AND DEMONSTRATION TESTING AT TSCS AND SITE. . . ... 5-38
System Integration Testing . . . . . ¢« v ¢ ¢ ¢ ¢ v v o 4 e 0 s o e o 0 o o .. 5-39
Acceptance Testing . + ¢ v ¢ v ¢ v v o v ¢ v 0 6 s 0 v o o et e s e s e e e 5-39
System Readiness Verification Tests . . . . «. . ¢« ¢+ ¢+ & s e b s e e s ee 5-40
Evaluation and Simulation Verification . . . . .. ... .. e e e e e e L 5-40
MAJOR CHALLENGES AND INNOVATIONS . . . ¢« ¢« . « + & & et e e e e e e 5-41
Cost Effectiveness of System Evaluation . . . . .. .. .. o s s s s v s e e 5-41

e,

il

")

i

[P



el

CONTENTS (Continued)

Chapter 5. SAFEGUARD System Evaluation (Continued)

Multisimulation Approach to System Evaluation . .

Iterative Approach to Analysis of Complex System Problems . .. .

System Exerciser Evaluation . . . . . ... .. ...

Requirement for Intermediate Level System Design Documentation

Evolution of Meck System Test Program . . . . . ... ..

Chapter 6. Nuclear Vulnerability and Hardening

ACHIEVING HARDNESS . .

MAJOR CHALLENGES AND INNOVATIONS . . . . .. .

Shock and Vibration in Ground Equipment. . . . . . .
Blast and Thermal Effects on Exposed Equipment .
EMP Hardness Assessment for Ground Equipment .

Conduit Problem. . .. .

Dust and Crater Ejecta Environments. . . . . . ..
Debris Environment . . . . « ¢ v v v v 0 v 0 v b0
Missile Guidance Set Power Supply Failures . . . .
Radiation Effects in Tantalum Capacitors .. . . .
Internal EMP in Missiles . . . . . .
SPRINT Autopilot Transients . . . .

Radiation Effects on SPARTAN Missile Structure .

SPRINT Blast Evaluation

ASSESSMENT RESULTS . ... ...... e e e

SYSTEM CAPABILITY . . .

ANTENNADESIGN . . ... ...

RECEIVER DESIGN. . . ..

TRANSMITTER DESIGN . .

RADAR CONTROL DESIGN.

Chapter 7.

Xi

5-41
5-41
5-42
5-42
5-42

6-4

6-4

6-5

6-7

6-11
6-12
6-12
6-13
6-15
6-15
6-16
6-17
6-18

6-19

7-4

7-6

7-8

7-10-

7-15



CONTENTS (Continued)

Chapter 7. Missile Site Radar (Continued)
COMPARISON _OF PERFORMANCE OBJECTIVES AND RESULTS . ... .. . . 7-17

MAJOR CHALLENGES AND INNOVATIONS . . . . . . ... ... e e e e e .. T-18

Chapter 8. Perimeter Acquisition Radar

SUBSYSTEM DESCRIPTION . . . ¢ v ¢ 4 ¢ s o + o o 0 s 0 8 s c o s o s 8-7
COMPARISON OF PERFORMANCE OBJECTIVES AND RESULTS ... .. ... 8-10
MAJOR CHALLENGES AND INNOVATIONS . . . « .+ « . & et e e s e e e e s 8-10
VHF Versus UHF . . v v o ¢ s ¢ 0 o o o 0 s o o o s 0 o s s e s e e e s a e we 8-10
Transmitter . « o ¢ ¢« ¢ o ¢ e 4 o 0 s o v o o 2 0 o o o 0 s o oo s e s e e e 8-11
Antenna Element. . . . . 0 o 0 0 o i i v i b it et e e e e e e s 8-12
Phase Shifter. . . . « « ¢« v v ¢ 0 o .. e v e e e e e e e s e e e et s e ee e 8-12
Receiver RFAmMpPLIfier . . v« ¢ ot v vt 6 s o o o o o o 0 o s o o oo s o 8-14
Maintenance and Redundancy . . « = v ¢ ¢ 4 ¢ ¢ o s o ¢ s s s 0 s 0 s 0 s 0 o 8-14
Chapter 9. SPRINT Missile Subsystem
MAJOR CHALLENGES AND INNOVATIONS « « 4 ¢ ¢« v ¢ o a2 a8 s v s s s s s s 9-3
DESCRIPTION . . . . v v ¢ o o o o s e e e s e e e e e e e e 9-3
Missile. . + .+ v v 0 v v v 00 o e s e s s e e e s t e et s e e e . 9-3
Launch Station . . . . ¢ v ¢ v v v v v o 0 6 0 o 0 v 0o o e e s e e e e e e e 9-7
Remote Launch. . . . . . . ... . e s e e e e e s et e e e e ae e 9-9
Ground Support Equipment. . . . . e s e s e e e s e s e e s e e e e ee e 9-9
SUBSYSTEM DEVELOPMENT PROGRAM . . . 4 ¢« « ¢ s ¢ s+ v o s o s s 0 s 8 s o 9-11
Propulsion. . . . . .. . e e e et e e s e et e s et e e . 9-11
First-Stage Control System . . + . v & ¢ ¢ v ¢ ¢t e ¢ 0 o e o o s o s s o0 s . 9-15
Second-Stage Control System . . . . . . . . v v v v v it i i e e .. 9-16
Heat Shield. . . .. . et et b s e e e e s e e e e e s e e . 9-17
Autopilot . . . .. .. e s s e s s e s e s e s e s e et e e e e . 9-18
Launch Eject., . ¢ ¢« v v v v v ittt et e e o o b e s b et s s e e e e e -, 9-19
Staging . . . .. ... € s 4 e e s e s e s et e e e st e e e s e e 9-20
FLIGHT TEST PROGRAM e e e i s e e e s e e e . .. 9-21

xii

s

aabited

et



)

CONTENTS (Continued)

Chapter 10. SPARTAN Missile Subsystem

MAJOR CHALLENGES AND INNOVATIONS . . . v ¢ 4 ¢ s s ¢ o s o0 o o o oo 10-3
DESCRIPTION . « v« « e o e et n e et e et teeeee e .. 10-3
SPARTAN Subsystem Operation. . . . ¢ ¢ v ¢« ¢ o ¢ ¢ s ¢ 0 0o o o 0 0 o o o oo 10-3
MiSSIlE. o+ v v v 4 o ¢ o o o o o 5 2 s o o 0 o o s s s 8 s e s s e o s e w s e e 10-4
Launch Station . . . v ¢« v o o v ¢ o 0 v o 0 o o e s o s s s s e o o v o o o s o 10-5
Launch Preparation Equipment Set . . . . . . . ¢ ¢ ¢ v o v v v 0 o e v 0 e 10-7
Ground Support Equipment. . . « « + ¢« o ¢ ¢ 4 s 4 v 0 s 0 e 0 e e e e e e 10-9
SUBSYSTEM DEVELOPMENT PROGRAM . . & ¢ ¢ v ¢ ¢ ¢ o ¢ s e s s s o s o o 10-10
PropulSion . . o« v o v v v 6 o v 6 st e e e s e s e e e e e e e e e e 10-10
Missile-Borne Guidance Equipment. . . . . . . v« ¢ v v o s v o 0 o v e e e 10-12
Launch Preparation Equipment and Fault Isolation Test Set . . . . . . . . .. 10-13
Hydraulic System . . . . ¢ ¢ v ¢t o i o 0 o i i ot vt s o s o s o0 oo o o o 10-14
Launch Cell Protective Cover. . . . ¢ v v v v ¢ 4 v s o o o s s s o 0 o s v o 10-15
FLIGHT TESTPROGRAM . . . 4 ¢ ¢t 4t ¢ o s o o ¢ s 0 o s o6 s o a s o5 08 oas 10-16
Kwajalein Development Tests . . . . . . e e e s e s s s e s e s e s 10-16
Meck System Tests . . v v ¢ v v ¢ v o o ot ¢ o 0 0 0 s ot s o oo e s s oo 10-17
Summary. . ... ... e e s e e s e e e 6 e e s e s s e e e e e e 10-17

Chapter 11, Data Processing System

SUBSYSTEM DESCRIPTION . . . .+ ¢ 4 & & e et s e e s s e e e e s e e e e 11-2
Central Logic and Control {CLC) . « v ¢ v v v v v v o o o & e e e s s e e e 11-2
Recording Subsystem (RSS) . . ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 e o e e e s e e e a. 11-8
Interface Subsystems . . .. ... ... * e e s s s e e e s e e e e v e 11-6
Maintenance and Diagnostic Subsystem (M&DSS). .. . . e e s s s e s e e 11-8
System Readiness Verification (SRV) Subsystem . . . . . . v v v o ¢ v o o o & 11-8
Command and Control Display Subsystem (CCDS) . « v ¢« v ¢ ¢ o o o o e o o« 11-9

COMPARISON OF PERFORMANCE OBJECTIVES AND RESULTS . .. ... .. 11-12

MAJOR CHALLENGES AND INNOVATIONS « « v ¢ ¢ ¢ ¢ ¢ « « e e s e e e s e s 11-14
A Multiprocessor, Partitionable System with {n+1) Redundancy . . . ... .. 11-14
A Versatile and Workable M&D Approach. . . . v ¢ v v ¢ o o o o s « L. ... 11-16
A Processor Unit with a Basic Operate Time of 200nsec . . . « ¢« ¢ o ¢ ¢ « & 11-17
A Coupled Film Memory with a 68-bit Word Length and 200-nsec
Cycle Time ..... .. s s e s s s s s e s s e e s s e e e e s e et e e 11-17

xiii



CONTENTS (Continued)

Chapter 11. Data Processing System (Continued)

A System Readiness Verification Subsystem for Realistic Simulation

without Relying on Processor Self-Checking . . . . . ¢ ¢ v ¢ v v v v v v o 11-17

A Quick-Reaction, Remote-Controlled Nuclear Safety System. . ... ... R 11-17

Chapter 12. Ballistic Missile Defense Center

ROLE . ...... e e e e s e e e e e e e e e e e s e e e e e e 12-1
DEVELOPMENT SCHEDULE. . . . . « « + . e e e e e e e e e s e e e e e 12-1
DESCRIPTION. . . . . . .. .. e s e e e s e e e e e e e e s e e e v s . 12-3
Hardware .......... e e e e e e e v e e e e .. 12-3
Software . v v v v v v bt e e e e s e e s e e e e s e e e e s e s e s e e 12-6
COMPARISON OF PERFORMANCE OBJECTIVES AND RESULTS . 12-8
Performance Measurement . . « ¢ v v o o ¢ 0 ¢ s 2 s 0 0 0 0 0 oo . 12-3
Performance Measurement Analysis . . . « . ¢ v v v v v b vt e e e e . 12-9

Part II. MANAGEMENT AND OVERALL APPROACH

OVERVIEW . & v 4 i v 6 s 6t s 0t o o o o s s s o o s s o o s o oo oo asasea oI-1
Feasibillty « © o o v v v v 0 6 4 6 0 o e o o s s o s s st e s et e ee s oI-1
Overall APProach . ¢ v ¢ ¢ v v v v o 6t o o v o o o st v o o s o o o o s o oI-2
Organization . . . . . v i vt i i s i e st ittt s e et e e I1-4

SPECIFIC SUGGESTIONS. « & ¢ ¢ ¢ ¢ & ¢ s ¢ 2 o ¢ s s 8 ¢ o o s o a0 s o s s o4 aI1-5
Requirements..........................; ....... I1-5
Hardware Design Implementation . . « + v ¢« o ¢« o ¢ v ¢ 0 0 0 e o 0 s 0 s 0 o II1-8
Organization of WOrk . . . ¢ ¢ v v ¢ ¢t o 4 0 ¢ 0 « 0 s o o o s s o o e o o o o -9
Management « « .« ¢ ¢ ¢ o v o ¢ e b e s e e e e b e s e e e e e e e e e III-10
Miscellaneous .+ . ¢ v ¢ o o o ¢ o 4 o o s 0 0 s 0 0 0 s s e b s s s e nO1-15

xiv



CONTENTS (Continued)

Part IV. REFERENCE DOCUMENTS

References for Chapter 1
NIKE-ZEUS System. . . . . . ..

References for Chapter 2
NIKE-X System . . . . . e e e

References for Chapter 3
SENTINEL System . . . . . . ..

References for Chapter 4

SAFEGUARD System . . . . « « + . .

References for Chapter 5

SAFEGUARD System Evaluation . .

References for Chapter 6

Nuclear Vulnerability and Hardening. . . . . . . e e e

References for Chapter 7
Missile Site Radar . . . .. ...

References for Chapter 8
Perimeter Acquisition Radar. . .

References for Chapter 9
SPRINT Missile Subsystem. . . .

References for Chapter 10
SPARTAN Missile Subsystem. . .

References for Chapter 11

Data Processing System .. .. ...

Part VI. CLASSIFIED SUPPLEMENT

Part V. GLOSSARY. .

(Separately Bound)

XV

V- 35

Iv- 37

IV- 43

V- 45

Iv-51

Iv- 57



Figure No.

I-1
I-2
I-3
I-4
I-5
I-6
I-7
I-8
I-9
I-10
I-11
I-12
I-13
1-14
I-15
I-16
I-17
1-18
1-19
1-20
I-21
1-22
1-23
1-24
1-25
I-26

I-27
1-28

1-29

I-30

I-31

I-32
I-33

~

ILLUSTRATIONS

Spectrum of Target Threats

Defensive Missile with Interchangeable Noses

ICBM Trajectory

Ballistic Target Characteristics

Comparative Sizes of Early
Deployment for ICBM Defen
ABM Battery

AICBM Acquisition Radar
Luneberg Lens Antenna
NIKE-B System

ABM Missiles
se

Mechanization of Parallel Approach for ICBM Targets

Battery Capability vs. Targ

et Angle

Variation from Nominal Intercept

Radar Range Requirements

ICBM Coverage in New York Area

Long~Range Track Radar
NIKE II Plan of Integration

Proposed Forward Acquisition Radar

Proposed Local Acquisition
Weapon Battery Installation
The Defensive Missile
Fly's Eye Antenna

Radar

Fly's Eye Antenna Feedhorn Structure
Fly's Eye Antenna Coverage

Discrimination Radar

NIKE-ZEUS System Installation at Kwajalein, Looking

Toward Lagoon

NIKE-ZEUS System Installation at Kwajalein, Aerial View
A 75-second time exposure of the K-2 Atlas D intercept at

Kwajalein on July 19, 1962. Picture was taken from Carlson

Island (5 miles northwest of
View of the August 15, 1963

Kwajalein).
, K-26 Titan I intercept test at

Kwajalein. The ZEUS thrust-vector motor trail and spotting

detonation (arrow) mark the

successful intercept.

A 120-second time exposure of the March 30, 1963, K-17

intercept test at Kwajalein.

This was the first intercept test

to be conducted against a Titan I-boosted target vehicle.
Two 120-second time exposures of intercept test K-21 con-

ducted April 13, 1963.

Aerial View of MAR-I at White Sands Missile Range

Proposed Tactical MSR

xvi

[

Page
I-2
I-3
I-4
1-4
I-5
-7
1-7
I-8
I-8
I-9
I-9 1
I-10 ]
I-10

I-11

-11 !
I-11
1-12
I-13
1-13
I-14
1-15 .
I-17 '
1-17 ~
I-17 .
1-19 '

3

1-25 ]
1-25 ]

1-27 .
1-28

1-29

I-30
I-35
1-38



Figure No.

I-34
1-35

I-36
I-37

1-1
1-2
1-3
1-4
1-5
1-6
1-7
1-8

1-10
1-11
1-12
1-13
1-14
1-15

1-16
1-17
1-18
1-19
1-20
1-21

1-22
1-23
1-24
1-25
1-26
1-27
1-28
1-29

2-1
2-2
2-3
2-4

ILLUSTRATIONS (Continued)

MAR-1II Planned for Kwajalein

TTR 4 Antenna, showing 40-foot reflector with subreflector
being readied for use in RMP B

SAFEGUARD Deployment Plan, March 1969 .
Summary of Major ABM Developments, 1955 through 1975

The NIKE-ZEUS Installation, Artist's Conception

The NIKE-ZEUS Installation, Symbolic Block Diagram
Minimum and Maximum Battery Sizes

R&D Model of ZEUS Acquisition Radar. (Kwajalein)
ZAR Transmitting System

ZAR Receiving System

Multiple Receiving Beams Formed by Luneberg Lens
ZAR Receiving Antenna, Cutaway View

ZAR Signal Processing Equipment, Functional Block Diagram
R&D Model of Discrimination Radar (Kwajalein)
Discrimination Radar

Focusing/Defocusing System of DR Antenna

R&D Model of Target Track Radar Antenna (Whippany)
TTR Klystron Amplifier Section

Comparison of Range Obtained with Maser Receiver and
Other Receivers

Battery Control Building with Missile Track Radar Antennas
R&D Model of MTR Antenna (Whippany)

NIKE-ZEUS Missile, Cutaway View

NIKE-ZEUS Missile in Launch Pit

ZEUS Missile-Borne Guidance Unit

Major Computing Equipments of NIKE-ZEUS, Simplified
Block Diagram

Signal Flow at Battery, Simplified Block Diagram
Target Intercept Computer

NIKE-ZEUS High-Speed Digital Computer

D-Unit for NIKE-ZEUS Computer

C-Plane for NIKE-ZEUS Computer

Logic A-Module for NIKE-ZEUS Computer
Twistor Wire

Twistor Store

Map of the NIKE-~X Era
City Defense

SPRINT Missile Firing
ZEUS Missile Firing

xvii

Page
1-39

1-42
I-46
1-49

1-3
1-4
1-5
1-7
1-7
1-8
1-8

1-10
1-11
1-13
1-15
1-17

1-18
1-20
1-20
1-21
1-22
1-24

1-25
1-27
1-28
1-30
1-30
1-31
1-31
1-32
1-33

2-2
2-5
2-8
2-9



Figure No.
2-5
2-6
2-7
2-8

3-1
3-2
3-3
3-4

4-1
4-2
4-3
4-4

4-6
4-7
4-8

5-1
5-2
5-3
5-4
5-5
5-6
5-7
5-8
5-9
5-10
5-11
5-12
5-13

6-1
6-2
6-3

6-5

ILLUSTRATIONS (Continued)

Close-up View of MAR-I at White Sands Missile Range

MAR Functional Capabilities
MAR-I Functional Block Diagram

TACMAR Block Diagram

Locations of Sites for SENTINEL Deployment
Ground Impact Area Coverage

SENTINEL Command and Control Structure
Area Control Center Number 2

SAFEGUARD ABM System

PAR Building

MSR Site

SPRINT Cell with MSR in Background

Data Processing System Equipment

Tactical Software Control Site Functions
Functional Configuration for System Exercise
Software Preparation and Testing

Effectiveness Evaluation Procedure

Meck Island Installation

Meck Island Facilities

Illeginni Island Location and Site Plan
Range Instrumentation Sites in Kwajalein Atoll
Test Planning Cycle

Target Procurement Cycle

Software Development Cycle

Meck Mission Summary

Summary of SPARTAN Intercept Locations
Summary of SPRINT Intercept Locations
Targets of Opportunity Mission Summary
SAFEGUARD System Test Program

Nuclear Weapon Effects on System Facilities
ABM Site Protection Volume
PAR Amplifier Modulator Cabinet

Modes of EMP Interaction with Shielded Building
Frame Building Subjected to 15 psi Overpressure,

Operation PRAIRIE FLAT

xviii

Page
2-17
2-18
2-20
2-23

3-2
3-3
3-4
3-5

4-2
4-3
4-4
4-5

4-10
4-11
4-15

5-2
5-18
5-19
5-20
5-24
5-25
5-26
5-29
5-33
5-34
5-34
5-36
- 5-39

6-3
"~ 6-6
6-8

6-14

i

[FPre

[OLESOR]

Oy



Figure No.
6-6

6-17

-2
7-3
7-4
7-5

7-7
7-8

7-10
7-11
7-12
7-13
7-14

8-2
8-3
8-4
8-5
8-6

8-17
8-8
8-9
8-10
8-11
8-12

9-1
9-2
9-3
9-4

ILLUSTRATIONS (Continued)

SPRINT Missile Guidance Set Being Readied for
Gamma Radiation Tests at Aurora Facility

Internal EMP Testing of SPARTAN Missile at
McDonnell-Douglas Astronautics Company

SPRINT Missile Undergoing Shock Tests at Sandia
Laboratories

Prototype MSR — Meck Island

Tactical MSR -~ North Dakota

Prototype MSR Schedule

MSR TSCS Schedule

Tactical MSR Installation and Test Schedule
MSR Functional Block Diagram

MSR Array Element Installation

MSR RF Chambers

IF Receiver

MSR Low Level Transmitter and Consoles
Klystron Room

Single-Pole, Double-Throw High-Power RF "Face'" Switch
Digital Control Group Logic Racks

Drive Amplifier Racks

PAR Site — North Dakota

PAR Transmitter

PAR Design History

PAR-1 Installation and Test Schedule
PAR Software History

PAR Face, Bottom-to-Top View of Phased-Array Antenna
Elements

PAR Building, Cutaway View

PAR, Block Diagram

PAR, Showing Antenna Measuring Radar on Top of Structure
PAR Traveling Wave Tubes

PAR Antenna Element

PAR Phase Shifter

SPRINT R&D Organization Structure

SPRINT Missile and Launch Station N
SPRINT Missile, Cutaway View

SPRINT Missile Guidance Set, Block Diagram

xXix

Page

6-15

6-17

6-18

7-1
7-2
7-2
7-3
7-3
7-5
7-7
7-8

7-10
7-12
7-14
7-15
7-16

8-3
8-4
8-5
8-6

8-7
8-8
8-9
8-11
8-12
8-13

8-13

9-2
9-3
9-4
9-6



Figure No.

9-5
9-6
9-7
9-8

10-1
10-2
10-3
10-4
10-5
10-6
10-7
10-8
10-9

11-1
11-2
11-3
11-4
11-5
11-6
11-7

11-8
11-9

11-10
11-11
11-12
11-13

12-1
12-2

12-3

ILLUSTRATIONS (Continued)

SPRINT Launch Station
Remote Launch Equipment
Universal Transporter Loader
SPRINT Missile in Flight

»

SPARTAN R&D Organizational Structure

- The SPARTAN Missile

SPARTAN Hydraulic Pumping Unit Assembly
SPARTAN Launch Station

Launch Cell Protective Covers

Launch Preparation Equipment Set (Tactical)
Third-Stage Test Set

Maintenance Van Deployment Sequence
SPARTAN Missile in Flight

Data Processing System
Central Logic and Control
SAFEGUARD Digital Racks

Construction Details of SAFEGUARD Digital Rack
" Recording Subsystem

M&D Subsystem

Command and Control Display Subsystem — Console, Wall

Display, and Teletypewriter Interface

Typical CRT Console with Control Indicator Unit
Command and Control Display Subsystem — Launch Enable

Interface

N Processors Executing from One Program Store
N Processors Executing from N Program Stores

Unequal PS Loading, LOGICAL Mix
Unequal PS Loading, MATH Mix

Overview of Command Hierarchy

BMDC Operations Room with the System Capability
Officer (left), Tactical Director (foreground), Assistant
Tactical Director (right rear), and System Status Display

Unit (rear)
Nuclear Employment Authority Interface

Page
9-7
9-10
9-12

- 9-22

10-2
10-4
10-6
10-6
10-7
10-8
10-9
10-11
10-16

11-2
11-3
11-4
11-4
11-7
11-8

11-10
11-11

11-11
11-13
11-13
11-14
11-14

o 12-2

12-4
12-6

eretinm

YT



Table No.

I-1
I-2
I-3
I-4

1-1
1-2
1-3
1-4
1-5
1-6

4-1
4-2

5-1

5-3
5-4
5-5
5-6

5-8

TABLES

AICBM Radar Characteristics
Summary of Early ZEUS Firings
Summary of Live Target Systems Tests
Major NIKE-ZEUS Subcontractors

ZEUS Acquisition Radar Characteristics
Discrimination Radar Characteristics
Target Track Radar Characteristics
Missile Track Radar Characteristics
NIKE-ZEUS Missile Characteristics
Target Intercept Computer Characteristics

CLC Configurations
Size of Major Software Components

Major Elements of the SAFEGUARD System Simulation
(TACSAF) )

Meck Capability Additions

Examples of Significant TRMs
Concept Verification

Summary of Mission Results

Radar Evaluation with Waking Targets
Summary of System Test Incentives

Resource Comparison Between Present and 1970 Version
of Meck System Test Program

Page

I-6

I-23
I-26
I-34

1-6

1-12
1-16
1-19
1-23
1-29

5-4

5-22
5-28
5-31
5-32
5-32
5-317

5-42





