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ADVANCED TFSTING TECHNOLOGY RDT&T’ PROGRAM

I. INTRODUCTION

The Navy PDT&E Program in Advanced Testing Technology prepared

by MAT 04T in October 1976 is recommended for modification as set

fort h herein.

The October 197N program recommended a five year expenditure

of $142 ,560 ,000. This report* recommends an additional expenditure

of ~~87,0l0 ,000.

For those who question the need for a rrogram of this magnitude ,

reference is made to the selected comments r~ nroduced in Appendix A

of the October 1976 report.

To con firm that the need for this program is as strong as ever ,

there is attached to this report (also Anpendix A) statements which

ref lect  recen t jud gmen ts of Sena tor Dal e Bumpers of Arkansas ,

Senator John Culver of Iowa , and General David Jones of USAF.

~.;ore detailed support for this PDTPtE program was provided on

15-16 June 1977 at the DOD/Industry Meeting of Automatic Testing

in Ar lington , V irginia. The recommendations of industry were formally

pr~~ en ted at this meeting, and on July 1 , 1977 to Admiral M ichae li s ,

Ch ief . ~ -\ V M AT.  The numerous industry recommendations have been given

duo consider~ t ion  and in many instances have been incorporated into

this report.

* This report should be read in conjunct ion with the October
1976 pu bl ica t ion . A dual nage numbering system has been used so
t h a t t h i s document  may he re ta ined in its presen t form or so t ha t
the pages may he soparated and inserted into the basic document

1/1.1 Revis ion 1— July 1977
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1. ATE SOFTWARE

V . I . 2 . a  ANALOG TEST PROGRAM GENERATION

TASK DESCRIPTION :

In~’est igate and develop methods for preparing step—by-step
procedures for performing end—to—end and diagnostic tests on analog

elect ron ic systems i nc lud ing rece ivers , t ransm it te rs , an tennas , and
disp lays as typicall y are used in communications , nav igation , command
and con t ro l , and electronic warfare .

TECHNICAL APPROACH :

Task 1 - Several p:~r a l l e 1  s tudy  cont racts  w i ll be in i t iated to
dt ine different the ’r/tical approaches for automatically generating

analog test programs for different classes of components , circu its ,

and equipment embracing the full radio frequency spectrum . These
stu dies will  extend form DC to microwaves but with particular emphasis

on communications systems and sub-systems in VLT’, LF , HF. VHF. UHF

& SHF using single sideband , and phase and frequency modulation .

Task 2 - The re su l t s of Task 1 w ill he coup led w ith  a survey of
the literature and commercial products. Results being achieved on

t h .  Total Ship Test  Pro gram (TSTP ) now in progress fo r sh ipboard
ext~ m a !  communicat i ons systems w i l l  be evaluated . From these invest-

igation s , test systems will be developed to meet the requirements

both shipboard and and depot testing.

PRI ORITY : F ir st SPONSOR : 0NR ,~~AVA 1R .N AVELEX

DELIVERABLE S:

Annual Techn ical Reports FY78-80
Prototype Demonstrations FY79—80
Technology Assessment Reports FY79—83
Shipboard and Depot Applications FY8O—83

COST : FY78 FY79 FY80 FY81 FY82

Task 1 6.1 150K 150K 150K lOOK 50K
6.2 lOOK 150K 150K lOOK 50K

Task 2 6.3 300K 600K 500K 400K
6.4 1 ,000K 3 , 000K 5 ,000K

2/26 .1 Rev ision 1-July 1977 
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1 . ~\TL SOFTWARE

V.1.2.b GLOSSARY OF T1fl~ S FOR ATPG

FA:1K DESCRI PTIo~c -

C ompile , up— date , and maintain a dictionary of terms used i n

:tutomati ( t~~st program generation , a n a l o g and di g ital . Prepare a

MI I ,—STD ~v 1 t h  the c c i o p e t u t  ~ Ofl if ot r DOD components and industry

i I C I I N 1 (Al , API ~~u \ ( li .

lou p r o r e d u r ’  f o l  P o d  i n  p r e p a r i n g  MIL—STD 1309 (l)efinit ion

I ) I !~~ r In .~ b r  ‘ l i s t  , ~- I t u i s u r e m en t .  und Diagnostic Equipment) should

be omitI a l e d  and iinp ro~ ed upon  in generat ing this .ATPG glossary of

I t t r ~-r .

S~~cond SPONSOR : ? \VAIF , Y AVJ ’ I FIX . N A\ SE.\

DELI \ ‘PH ~i b 3 I 1 S

P r e l i n i n a r v  y T I - S T 1)  FY79
C o o r d i n a t e d  ‘ I I L— ST P FY~~O , 82 , 84

( ‘ ( - )~yi

FY 7 8 FY7 D FY~~0 FY81 FY82

6 .  l 0 t ~ ~ O K 50K 30K 30K

3/20 .2 Revision— July 1977
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1. ATE SOFTWARE

ATE SOFTWARE CENTERS

TA SK DESCR iPTION :

Es tab l ish p i lot software centers for each of the three System

Commands. Staff these centers with professionals for analysis ,

i -uii sultatjon , recommendation , and problem solving on matters primarily

involving ATE software .

‘l1~C I 1 N I C A I  APP R OACH :

The lack of auth o: t i c base—l ine data wit h respect to most aspects

ot  s o f t w a r e  desi gn . vi r i f i c a t  ion , application , and modification

continues to hinder the cost-effe ctive utilization of ATE systems in

the DOL) environment. The people and data needed to properly manage

th is technology are widely dispersed. This task will be to track

the state—of—the—art in ~ l’F software by bringing together a small

group of pro fe ssionals i n eac h of the three System Commands who will
concentrate on the following prob l em areas ;

Life Cycle Cost I)rivers for Test Drogram Sets (TPS)
Requ iremen ts for Diagnost ic Test Depths
Documenta tio n and Chan ge Control
Field-data Acqu i sitio n and Feedback Methods
Simulation and Standardization of ATE and UUT
Operator Inte rface and Record—keeping
Work—load and Throughpu t Statistics

To assist in performing the above functions , each of the th ree
software centers will develop ari d maintain its own Software Data Bank.

The function and format of the dat a banks will be coordinated through

the Testing Technology Center for uniformity, utility, and cost
Cont rol.

PRIORITY : Urgent SPONSORS : ~AVAI R ,NAVELEX ,NAVSEA

DELIVERABLES :

Annual Techn ical Reports FY78-92

COST : FY78 FY79 FY80 FY81 FY82

6.5 NAVAI R 300K 4001< 500K 500K bOOK
NAVFLFX 200K 25OI~ 3001< 400K 500K
NAVSEA lOOK 200K 3(101< lOOK bOOK

-1 / 1 0 P e v i s i o n — J u l v  1977

_ _ _ _  - ~~~~~~~~~~~~~~~~~ —~~~~~~~~ - _ _ _ _  

_ ‘  
_ _ _ _ _ _ _  — _ _ _ _



— ‘.— -- -~~~~ -.-— - - — — —--- — - .. -- _,

1. ATE SOFTWARE

V .~t . 15  R&D TO SUPPORT ATE SOFTW ARE CENTERS

,

~~

TASK DESCRIPTION :

Conduc t basic research into non—numeric large data and graphic

file management systems to supplement the limited interactive capability

available in contemporary computer systems .

TF.(IINICAL APPROACH :

The specific purpose of this research is to assist the development

of the three ATE Software Centers by eventually providing better

moans for collecting, processing, interpreting , distributing, and
u tilizing the large volumes of data and imformation which are inherent

in the operation of these centers . This task may also yield results

of value to other ATE Information Centers . The preferred technical

app roach is not known at th is time.

PRiORITY : First SPONSOR : ONR~ NAVAIR

DELIVERABLES :
Annual Techn ical Reports FY78—82

COST :

FY78 FY79 FY80 FY81 FY82

6.1 50K 75K lOOK lOOK 100K

6 . 2  lOOK 200K 300K

5/40.1 Revision 1—July 1977 
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2 . PROPULSION ELECTRICAL, e~ .A u X I L I A R Y  MACHINERY

DELIVERABLES :

Se n so r  rprade Ofl Analysis Report
Sensor Techn i que s Development Report FY7~P r o t o t y p e  Imp l e m e n t a t i o n  R e p o r t  FY70
Test a n d  E v a l  u a t  ion  Rep r t FY$~Add i t  i enal Sensor i ) ev e  I opmen t FYSI

l - Y 7 ~ ‘
~~ 7 0 PY~~~ FY8 1 F\’~~2

6 . 2 1 ( ‘ t ) K  j O Oj  100K 1001< 1 00K
( 3 . 3 300K 4001< 300K l 0 (  1<

I 0 ( ) M f ç  1 , 000 1< 1 1)fld ~~

(3 / I  C t?ev I a b r i  I — I ii I v 107 7
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2 . PROPULS I ON, ELECTRICAL , & A U X I L I A R Y  MACHINERY

V . 2 . 1 ,a  CONDITION MONITOR I NG MODULES

‘

~~ TASK DESCRIPTION :

Develop a family of standard condition monitoring modules ,

and prepare general guidelines and detailed specifications for their

use to enable the svstemat ic installation of on—line automatic test

equipment on different type s of  p r o p u l s i o n  and a u x i l i a r y  m a c h i n e ry
mach inery in ill the ships ~i 1 the fleet commencing in 1985.

TECHNICAL APPROACH :

The t e c h n ol o gy  b e i n g  d e v e l o pe d  in o t h e r  p a r t s  of t h i s  A d v a n c e d
Test  b r i g  Techno logy  p rogram w i l l  be t r a c k e d  and assessed i n  the  i n i t i a l
phase of this project. Partir’ular emphasis will be placed on reviewins

-the N A V A I R  p r o j e c t s  r e l a t i n g  to  t e s t  and diagnostics for propulsion

and machinery equipment and the NAV SFA pro jec t  on the  e v a l u a t i o n  of
the LM—2500 , FT-9 , and LST 1170 class of ships .

For new equ i pment existing sensor technolog will be identified

which can he d e s i g n ed Int o the machinery to be monitored. In addition
‘
~~trap—on ’ sensors will be developed which will permit attachment

to e q u i p m e n t  w h i c h  den s n o t  c o n t a i n  i t s  own inte rn al sensors .

Other condit ion moni toring modules wi l l  he developed for data

t r a n s m i s s i o n , p r o c e s s i n g ,  d i sp l ay , and  r e c o r d - k e e p i n g .  These modules
w i l l  a l so  be capab le  of i n t e r f a c i n g  ~~i t h  o t h e r  s h i p  sy s t ems  such as
SMDS w h i c h  ma y be i n s t a l l e d  f o r  c o m m u n i c a t i o n  and tes t  purposes .
Guideline s and specifications wil l  he prepared  to i n f l u e n c e , c on t ro l ,

and assist in the management of this long—range project.

PRIORITY : Second SPONSOR : NAVSEA

D E L I V E R A B L E S :
Annual Techn ical Reports FY78-S2
Prototype Models , initial FY81
Prototype Model s, cont Inuing FY82
Initial Guidelines and Specifications FY82

COST : FY78 FY79 FY80 FY81 FY82
6 . 3 150K 150K 600 1< 3 , 000K 5 , 0001<
6.4 5,000K

7/ 4 6 . 1  R e v i s i o n — J u l y  1977

L ~~~~~~~~~~~~ - -~~~~~~~~~~~~ -- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ - -



2 . PROPULSION , ELECTRICAL , & A U X I L I A R Y  MAC HIN E P.Y

V . 2 . l . h  CONDITION MON I TORING FOR SHIP PROPULSION MACH I NERY

TASK DESCRIPTION :

Perform land—based and sea-test evaluations of the existing LM-

2500 Condi t ion Monitoring System and the FT—9 Engine—Condition Mon itor.

I m p l e m e n t  r e c o m m e n d a t i o n s  of  p r i or  f e as ab i l it v  s t u d y on a D iesel
E n g i n e  C o n d i t i o n - M o n i t o r i n g  Sy s t e m  for t he  LST 1179 c lass .

T E C h N I C A L  APPROACH :

rrhe f i r s t  two pr ototype m o n i t or i n g  and  d i a g n o s t ic  and d i a g n o s t i c
systems for naval ship propulsion machiner y were desi gned for the

LM-2500 and FT—9. A diff erent approach was set forth in a feasabilitv

study for the Deisel class of main propulsion machinery . The se e f f or ts
will he cont inued (and coordinated ) to verify and quantify the benefits

derived from reduced maintanan ce manning, lesser repair costs , and
increased availabilit y of the entire ship platform . Approximately

S1 , 500 K—2 , 500K have been invested i n  t h e  LM-2500 and FT— 9 E n g i n e —
C o n d i t i o n  M o n i t o r s . R e l y i n g  on t he  e x p e r i e n c e  g a i n e d , t he  deve lopmen t
cost fo r  t h e  1ST 1170 c l a s s  is  e s t i m a t e d  at ~50OK over t h r e e  yea r s .
T h i s  p r o j ect  w i l l  be d i r e c t ed  towards  e v a l u a t i n g  t he  f i n d i n g s  on t h e
two  p r o t o ty p e  svsl  ems so t h a t  these r e s u l t s  can be f a c t o r e d  i n t o  t h e
D i e s e l  Engi ne ~onit r a n d  o t h e r  su b s e q u e n t  p rograms .

P R I O R I T Y : F i r s t  SPONSOR : ~ AVS EA

DELIVERABLES :
1- :va lua t  i on  R e p o r t  I .P — 2 5 0 0  FY79
Ev a lua t i o n  R e p o r t  FT— 9 FY79
P r e l i m i n a r y  D e s i g n  1~~T — l 1 7 9  FY79
Prot (t vpu ’ I n s t a l l a t i o n  L ST—l 17 9  FY80
Pr o  t o t  ‘i ~ F v a l u a  t ion  FY81
Spec i f I r a I I on f o r  ( nd i t  i on  —~ 1on i t  ors  FY82

COST : FY7 8 FY 70 FY80 FY81 FY82

6. 2 150K l~~U N 1501< 1501< 150K
6 . 3  2~~0K 2 50K 2 ,0K 250 1<

8/ 1 6 .2  R e v i s i o n — J u l y  1977
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2 .  P ROPULSION , ELECTRICAL , ~ A U X I L I A R Y  MACHINERY

V . 2 . 6 MEASUREMENT AND P .ECORDI MG SYSTEM DFVFT OPMENT
FOR ON-LIN E MACHINERY MON I TORING

TASK DESCRIPTION :

Explore dramatically new techniques for on—mach ine instrumentation

a n d  recording systems for ship propulsion and auxiliary machiner y to

bet ie r monitor criti cal parameter s on drive shafting; camshaft and

driv e gears ; governor and controls ; and fuel , lu be oi l , and air systems .

T E CH N I C A L  APPROACH :

Th i s  p r o j e c t  focuses  on nove l  measurem ent and record ing techn iques

for shi p machinery instrumentation. Development of a ship machinery-

monitoring capabilit y involves the prior analysis and testing of

shipboard machiner y to determine typical failure modes. Work now being

performed by others in this area must be evaluated to assess the

effectiveness of various detection , diagnosis , and prognos is techn iques.

On-mach ine instrumentation techniques will be devised to better acquire

and record critical operational parameters (or effects) for the mach-

inery under test. Thu test components ultimatel y must be easily attached

to the machinery tinder test ; and must operate unattended for long

period s of time in a shipboard environment. New solutions to meet these

long—sta nding requirerients will he sought.

DELIVERABLES :

Feasibilit y Study Report FY78

Annu al Technical Reports FY7S—82

COST : FY77 FY78 FY79 FY80 FY81 FY82

6.2 501< lOOK lOOK 150K 1251< 125K

11/53 Revision—Ju ly 1977
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2 . PROPULSION , ELECTRICAL , & AUX I L I ARY MACH I NERY

V . 2 . 8  ATE FOR SHIPS ELECTRI CAL POWER

TASK DESCRIPTION :

Develop improved means for automatically monitoring and recording

the steady—state and transient output of primary and secondary

electr ical power sources aboard surface~ hips . Develop improved means

for mon itoring the turbines , mechanical dr ive trains , and electr ical

generators to reduce manning and maintenance requirements .

TECHNICAL APPROACH :

Many of the newer equipments being installed aboard ships contain

sem i—conduetu~ cuwpuiients which are sensitive to transient spikes in

the electrical power system. Protective dircuitry cannot be depended
up on to a lways  w it h s t a n d  the se trans ien t s , and equ ipment funct ion can

be degraded even if hard faulures are not induced. This project will

rev iew the results be i ng ach ieved in the commerc ial electr ical power

industry, and in aircraf t electr ical systems , in order to determ ine

to what extent and by what means the electrical power on surface ships

will be best conditioned. Consideration will be given to additional

factors wh ich may be peculiar to a ship—hoard environment such as

grounding, EMI , lightning strikes , and damage control. A prototype

system wil l be devel oped uti liz i ng currently ava ilable technology

to demonstrate and clarify the requ iremen ts for electrical power

conditioning, mon itoring, and record keeping. The effect of irregular-

it ies in the dr ive system on the sh ips elec trical output will be

determ ined.

PRIORITY : First SPONSOR : NAVSEA

DELIVERABLES :

Annual Techn ical Reports FY78-82
Inter im Recommendat ions FY79
Prototype Installation FY80
Evaluat ion of Prototype , Land FY81
Evalua tion of Prototy pe , Sea FY82

COST : FY78 FY79 FY80 FY81 FY82

6 .3  150K 250K 1, 000K 2 , 0001< 500K

10/56 R e v i s i o n — J u l y  1977
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4 .  ADVANCED AUTOMATED TESTING ( CONCEPTS & HARDWARE )

V .4 . 1  NEW TEST TECHN I QUE S ( FOR END-ITEMS )

TASK DESCRIPTION :

Invest igate and develop new and improved test techniques for

end- items to reduce test times and to improve the quality of testing.

Concentrate on classes of end— items known to present difficult testing

prohl ems .

TECHNICAL APPROACH :

This project will consist of several narallel but coordinated

tasks in which the basic theories of operation will be analyzed

in an e f fo r t  to or iginate new and e f fec t ive test procedures for
each of the follow ing classes of end—items .

1. Phased-Array Antenna (radar and sonar)
2. Doppler Radar
3. Closed-Loop Feedback Systems
4. Microwave Strip—Line Circuitry

PRIORITY : First SPONSOR : ONR

DELIVERABLES :
Annual Techn ical Reports FY78-82

COST :
FY78 FY79 FY80 FY81 FY82

6.1  500K 1, 000K 1 , 000K 1, 000K 1, 000K

11/74 Revision—July 1977
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4.  ADVANCED TEST TE CHNIOUES ( CONCEPTS & HARDWARE )

V . 4 . 1. a  NEW TEST TECHNIQUES ( FOR ATE SYSTEMS )

TASK DESCRIPTION :

An ticipate new test requirements for ATE systems generated

by the incorporat ion of the emer gi ng techn ologies into pr ime sys tem
development programs . Investigate all advances in technology to
determ ine applicabili ty to new ATE system desi gn.

TECHNICAL APPROACH :

This project will consist of several tasks . Although the stress
wi l l  be on the sewer t e chno logi es , investigations will also he
made into finding new solutions for older previously identified
problems , in calibration and switching . The several task areas are :

1. Self—Test and Cal ibration

2. Analys is of Errors Introduced by Signal Sampling

and/or Data-Bus Communication

3. Signal Sam pling by Scan Converters
4. Programmable Interfacing

5. Mult iple-Switch Status and Performance Sensing

6. Front-End and Distributed Microprocessors

7. Data Transm iss ion Ove r 40mHz
8. Fiber Op t i c Data Trans mi ss ion
9. Fiber Optic/Charge—Coupled—Device Interface.

10. Opt ical Sw i t c h i ng

PRIORITY : First SPONSOR : ONR , NAVELEX ,NAVAI R , NAVSEA

DELIVERABLES :
Annual Techn ical Reports FY78-82
Feasab ility Prototypes FY79—82

COST :
FY78 FY79 FY80 FY81 FY82

6 .2  1,000K 2 ,000K 3 .0001< 3 ,000K 4,000K

12/74.1 Revision—July 1977
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-1 . ADVANCED TEST TECHNIQUES (CONCEPTS ~ HA~~WARF)

V . 4 . l .b  L A N G U A G E -D R I V F~ FUNCTIONAL ATE

TASK DESCRIPTION :

Inves ti gate the fea sab il i t y  of generat ing a new pr og ramm ing
language to guide and control the desi gn of ATE hardware .

TECHNICAL APPROA CH :

Task 1. This siu0y .~i ll be directed towards reversing the

sequence o f  ATE sy s t e m  d esi gn  sc that the software and language

elements w i l l  he structured first to he t hen followed by the hardware

design . -\TLAS , P A S I C , and OPAl. w i l l  he reviewed as will other languages

and  o t h e r  s o f t w a r e  p a c k a g e s .  Th i s  t : i sk  is a new s t a r t .  The best m e t h o d
of  approach  ~~i l l  be solicited.

T a s k  2 .  T h I s  s tu d i  w i l l  he directed specifically towards the

use of  g r a p h i c a l  m d  p 1 ci on a I pro~~ramm i n g  aids , as c ontras ted t o

the alpha—n utr4 nic da ta  h a n d l i~ic format in current useage in ATE

software systems .

PRIORITY : Sec nd  ~ PO~~~OP : ON R

D E L I V E R A B L E S :

Annual Techn i cal P ports rY78—82

COST :
FY T ç  FY70 ~~~~ FY~~1 FYs~6 . 1  -

Task 1 . -\T1 Graphi cs :~ 5 m N  :laoK ‘350K ISOK 3~~OK

Task 2. l a n gu a g e  Desi~~fl P O l E  ‘3501” 35111< 3 501 < 3501<

13/71 .2 i~ev ision-Julv 1977
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4 .  ADVANCED TEST TECHNIQUES ( CONCEPTS & HA RDV~ARE)

V . 4 . 1 .  c ATE MAN-MACHINE I NTERFAC E

TASK DESCRIPTION :

Research  t he  t h e o r e t i c a l  and p r a c t i c a l  aspects  of improvin g the

ope ra to r—ATE i n t e r f a c e .  I d e n t i f y  and e v a l u a t e  the b a s i c  p a r a m e t e r s

in the ATE man—machine interface. Apply the result s o b t a i n e d  1

several related but different ATE applications.

TECHNICAL APPROACH :

This stud will he approached on the basis that human interpre-

t a t  ion  of AT~ derived data can he much improved if the data content

and data format is better presented. Participants in this study will

include maintenance engineers , display experts , ATE programmers , and
human—factors /human-engineering people. Areas fo investi gation will

include communications efficiency, causes of operator confusion and

error , guidance for test program designers , etc. Result s of this

s t u d y  will be applied to the foflo;~ing problem areas ;

I. Test Program Set (Design and Utilization )

2. Dis tortion , Intermittent—Fault , anc~ ~ulti pl e Fault Ana l ysi s

3. Comp lex D i g i t a l  Pattern Anal ysis

1.  M u l t i p l e  P r o f i l e  D a t a  C or r e l a t  ion
5. Au t omated ~‘aintenance Action Logging

PRIORITY : F irst SPONSOP : ONE . N A V I LE X , N A V A I P ,

l)ELIVEHABLF .S:

Annua l Technical Reports FY78—82

COST:
FY78 FY79 FY80 FY81 FY82

6. 1 500!’ 7001< 9001< 9001< 900K

6.2 5001< 1 ,000K 2 ,0001< 2 ,0001<

14/74 .3 Rev ision—Jul~ 11177
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4 . ADVANCED TEST TECHNIQUES ( CONCEPTS & H ARDWA R E )

V . 4 . 1 . d  INFO HMATION PROCE SSI~~C FOR ATE

TASK DEXCRIPT I ON :

Inves tigate ent irely new approa ches to the col lect ion , organization

st ora ge , retr ieval , interpreta tio n, and distribution of large ,

complicated , and d i ver se data f i les such as a re encountered in ATE
hardware , s o f t w a r e , and interface technology .

TECHNICAL APPROACH :

This is a new start. The preferred method of approach is not

known . However , recent work in artificial intelligence , robotics ,

ai~d pattern recognition will be reviewed in a search for promising

l ines of inquiry.

PRIORITY : Sec ond SPONSOR : ONR

DELIVERABLES :
Annual Techn ical Reports FY7R-82

COST :
FY78 FY79 FY80 FY81 FY82

6.1 651< 751< 75K 75K 75K

6 . 2  75K 150K 1501< 150K

15/74 .4  R e v i s i o n — J u ly  1977
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4. ADVANCED TEST TECHNIQUES (CONCEPTS & HA R D V~ARE )

V . 4 . l . e  ATE BLILDING-BLOCK AUGMENTATION

TASK DESCRIPTION :

Fill in the gaps in the present inventory of ATE building

blocks , and enhance the standardization therof.

TFC1!N ICAL APPROAC H :

F o l l o w i n g  a studs’  and definition phase , protptype building

blocks will be developed. (lose coordination will be maintained with

the SEM program . Candidates for thsi project are :

1. F a m i l y  of Power S u p pl i e s
2 . F a m i l y of S w i t c h i n g  M od u l e s
3. Microwave synthesizer , 18—100gHz

1.  M a ss- M e m o r y  T e s t e r s

5. L o g i c  A n a l yzer s

6. O p e r a t o r  Cont ro l  and D i s p l a y  S t a t i o n
7.  H i g h  Power Test S t a t i o n
8. R u g g e d i z a t i o n  of Se lec t ed  C o m m e r c i a l  I t e m s

PRIORITY : Second SPONSORS : N A V A I R  , N~ V ELF , X ,

DELIVERABLES :
Study reports FY7S-82

Definition of Building Blocks FY79

Prototype of Building Blocks FY8O—82

COST :
FY78 FY79 FY80 FY81 FY82

(3 .3 1 , 5001< 1 , 5001< 10 ,0001< 10 ,000K 10 ,000K

l t ; / 7 L 5  R e v i s i o n — J u 1~ ’ 1977
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4 .  ADVANCED TEST TECHNIQUES ( CONCEPTS & HARDSVA HE )

V . 4 . 1 . f  SEM FOR ATE

TASK DESCRIPTION :

Develop a family of Standard Electronic Modules (SEM) for both

off—l ine and on-line ATE .

TECHNICAL APPROACH :

The SEM hardware prog ram has been mak i ng prog ress fo r many years
in several different parts of Navy . The SFM program has been directed

pr imar ily at prime eq uipment. Approximat ely 3 ,000 ,000 SEM ’ s are
operating in Fleet weapons systems . These SEMs are also finding

useage in ground support equipment . The purpose of this ATE project

will be to build upon and expand the present SEM efforts. The first

step will be to identify all SEM in the inventory and those items

scheduled to be added. The possibilit y of using this SEM hareware

as bu ilding blocks for future ATE systems will be investigated. If

the results of this inquiry are positive , then t he requ irements for
add itional SEM building blocks wil l be delineated . The time and cost

of develop ing these SEM’s will be projected and compared to conventional

hardware acquisition . it is anticipated that the results of these

stud ies will be extremely favorable for the SEM approach. The end

result can he a standardized approach to the “ instrument—on—a card”

conce pt wh ich has alr ea dy ach i ev ed some success in other instrumenta t ion
systems .

PRIORITY : F i r s t  SPONSORS : NAVELE X , NAVSEA

DELI VERA BL LS
SliM C a t a l o g  fo r  ATE FY78
Feasability Report FY78
SEM Au gmentation FY79-82
Prototype ATE FYSO-82

COST:

FY78 FY79 FY80 FYR1 FY82
6 .2  75K 5111<
6.3 3501< 500K bOOK 5001<
6 .4 1, 0001< 3 , 0001< 5 , 000K

17/74 .6 Revision—19 77
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4 .  ADVANCED TEST TECHNIQUE S ( CONCEPTS ~ HA RD’1VARF ’. )

V . ’l . l .g  NEXT-FAMILY OF OFF-LINF ATE

TA SK DESCRIPT I ON :

D e f i n e  and  d e v e l o p  a c )rTh lrt e family of off —l in e ATE to better

meet future needs .

TECHNICAL APPROACH :

The d e f i n i  t ion l ’ase  of this  project W I l l  c o n cen t  r a t e  on hii I Iding
b t o c k  char ict eri s ti ~’.-; d a i a bus p r ot o c o l s , and  s w i t c h i n g  m o d u 1 t~~:, i n
differen t functional v r~~u t i n g s . N a v y  t e s t  r e q u i r e m e n t s  w i l l  be a n a l y z e d
i n  terms of s p e c t r u m , de n s i t y , and s i t e  l o c a t i o n .  I ’ T A / SP A  t e s t  cor—

r m ’ l : m t i o n  r e qu i r e m e nt s  w i l l  he s f o r t h  i n  terms of error cones  and
tolerance t r e t ’s . O r i g i n a l  01’ s ou r c e  t e s t  d a t a , l a n g u a ge s , 0mp h ler s
and dod umen t a t  I on  m e t  hod~- - w i l l  he  i n v e s t  i g a l  ed i n c l u d i n g  t h e i r  i n t e r -
pla y w i t h  B IT / SCT pr~-~ i s i o n s  of  t h e  f u t u r e . i og  1 s t  in s  S u p p o r t  and
p r o d u c t  i m p r o v e m e n t  f a c t o r s  ~v i  I I he con.s idered such as operator and

m a i n t e n a n c e  t rain in~ - c : m 1 1 b r a :  ion and ‘‘ epa ir , and  t e s t  equ ipment
c bso 1 es c e n c e  . A p l u r a l  i t  v of p r  I vpe hii i i  d i n g  b l o c k s  , and a p a r t  i a I
or er a t  i n g s vst  em . w i l l  h corist r u n t ’  1 ‘ i s i n c  o f f — t h e  s h e l f  t e s t
e q u i p m e n t  whe:’e imppl I~’ah ~- S ; ’ t  i t i c a t  io n s  and d o c u m e nt  a t  i o n  w i l l  he
p r e p a r e d  ~~f l t ’  (U O ~ f l t  i t v  j i a?’ el~a’:tts .

P R [ C R I T Y : F i r s t  Sr’P~:~ OriS . \V A I R , NA V F LI ’X , ,N A V SL A

DELI VF ~A 0I.FS :

D e f i n i t i o n  of A l l ~ , A n n u a l  R e p o r t s  F Y7 9— 82
Pu i I d i n g  b l o c k s  , Pr  t vp es  FY 80— ~~
Operatin g S~ t e r n  FY81
Sp e c i f i c a t i o n s  F Y S I — 82

COST :
FY’/8 FY79 FY80 FY81 FY 82

6 . 2  1 ; 0 N  1501< 4501< -1 :) 0 1< 450K

6. 3 3 , fl00~ 7 0001< 15 , 000 1< 25 , 000K

18/ 7 -1  . 7 P e v i  s i o n — ~Iti  1 y 11177 
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5.  DESIGN FOR TEST ABILITY

V . 5 . 0  BIT/ SCT C O M P F N I ) I t I M

TASK DESCRIPTION :

Class ify BIT/SCT desi gn techniques that have proven successful

over the years in their application to systems , sub-systems , and

component test and eva luation . Devel op a framework for evaluating

the cost/benefit ratio of those s u c c e s sf a l  applications. Identi fy

new candidates for the application of BIT/SCT , hardware and s o f t w a re .

TECHNICAL APPROACH :

The literature abounds with examples of good and bad P IT/ SCT .
An assessment  of t h i s  t e c h n olo g y  w i l  I he m a d e  t o  i d en t  I l v  t h e  ca u se s

and  costs of success a n d  f a i l u r e .  A c o m p e n d i u m  w i l l  be p r ep a r e d  w h i c h
w i l l  i n c l u d e  a d e s c r i p t i o n  of the  t e c h n o l o gy  and m a n a g e m e n t  m u  i a tiv e s
a p p l i e d  by N a v y  to  t h e  M o d u l a r  Rada r  P r o gr a m , t h e  S FM program , t h e
F l e e t  B a l l i s t i c  M i s s i l e  p rogram , the  F— -I , F~~l4 , } — 2 c , e t c .  From t h i s
assessment , r e c o m m e n d a t i on s  w i l l  he made as to  p r e f e r r e d  d e s i g n

p r a c t i c e  f o r  new s stems . F u r t h e r  R&D e f f o r t s  needed to m a i n t a i n  an

a d e q u a t e  t e c h n i c a l  c a p a b i l i t y  in I3IT/ SCT w i l l  he i d e n t i f i e d  on a
con tinuing basis .

P R I O R I T Y : F i r s t  SP0N SOt~, : ON R / T T C

DELIVERABLES :
A n n u a l  T e c h n i c a l  l t t ’p o r t s  F Y 7 9—82

COST:
FY78 FY79 FY80 FY81 FY82

(3 . 2 3001< l t ) 0K hOOK 400 1< 3001<

1c~,l.1/  ~iu .  R e v i s i o n — j u l y  1977
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5.  DESIGN FOR TESTABILITY

V . 5 . u . a  R I T/ SCT PAYOFF I ) FMONS TR AT I ON

TASK DESCRIPTION :

P e r f o r m  a r e a l — l i f t ’  cast’ s t u d y  to  i d e n t i f y  t he  fa c t o r s  w h i c h
impede the  a p p l i c a t i o n  of I3I T/ SCT to modern s o p h i s t i c a t e d  e l e c t r o n ic
systems . Estima te the hardware and software investment that is

needed t o  s a t i s fy  t he  r e q u i r e m e n t s  fo r  an o p t i m a l l y  des igned  BI T .
Conduct this s t u dy  on a s y s t e m  w h i c ’ h m ay  be m o d i f i e d  t o  a c t u al ly

benefit from the analysis . D r a w  general conclusions to affect

management decisions on future acquisitions such as VSTOL .

TECHNICAL APPLICATION :

A preferred candidate for this study has been ident i lied as

the AN /AWG—l0 , lOA fire-control system used in the N a v y  F—4 aircraft.

Al ternate candidates are the Terrier and Tartar shipboard radar

systems AN/SPG51 ,55. The above s stems are widely deployed in the

Fleet and are know n t o hav e pers is ten t , chronic maintenance problems

Discussions wi l l be re—opened with r esp e ct  to the AWG l0 , lOA where
preliminary planning h a s  indicated a good probabilit y for success.

The study is intended to have pract ical ap p i  t e a t  i on  in t he  f u t u r e

mod i f  I c~I t ion  of  several hit nd red AN / \ l % ’G— lO .

P R I O R I T Y : F i r s t  SPONSOP : T T C / N A V A I R

DELIVERABLES :

BIT H a r d w a r e / S o t  t w a r e  D e f i n i t i o n  FY77
Case St ucl y R ep o r t  FY78
H I T  A u g m e n t  a t  ion & F , v a i i i a t  i on  FY79
M a n a g e m e n t  R e p o r t  FY79

COST:
FY77 FV7~ FY79 FY80 FY81 FY82

6 . 2  301< l OOK 1001< 501<
6 . 3  OSuK 3 , 000 1< 2 , 0001<
6 . 4  TI3D TBD TBD

2 1/ 1 0 0 .2  R e v i s i o n— J u l y  1977
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5. DESIGN FOR TESTABILIT Y

V .5 .6  TESTABILITY IN FAULT TOLERANT DESIGNS

TASK DESCRIPTIONS :

1. Prepare a technology assessment report covering fault tolerant

hardware and software. Based upon this assessement , identif y the

con temporary principal approaches for implementing fault tolerance.

Identify the maintainabilit y requirements for each appraoch. Using

this information as base—line , investigate and develop a methodology

for the design of maintainable and testable fault tolerant systems .

2. Comp ile a dictionary of terms for fault tolerance compatible

w i t h  M I L — S T D  13O9B for Automatic Test Equipment.

3. Concuct basic research into new and  improved t e c h n i q u e s  for
describing, designing, and implementing fault tolerant systems ;

and for testing these systems to determine their operational and

ma in tenance  st atus ,

4. Conduct research into better methods of communicating (and

~ u ’umenting) ideas and information in fault tolerant technology .

TL ( ’HNI CA L APPROACH :

Task I. Identify catagorize , and describe the principal techniques

now used for implementing fault tolerance by review of the world-

wicte l iterature in the field; by review of contemporary fault

tolerant equipment desi gns : and by review of ongoing research and

development projects at ()~ R , NSF , “ASA , AF , industry, and e l sewhere .

Task 2. Ec le ntif y the language , an d more precisely define all the

key term s, in common useage in fault tolerance theory and practice.

This effort will build upon the results of previous incomplete

actions by t he  IEEE and  other professional groups.

21/111 Revision— July 1977
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Task 3. Conduct i n dep e n d e n t  s t u d i e s  on the following classes of
technology treated as separate but related entities ;

a .  Computers

h .  C o m m u n i c a t i o n s

c .  C o n t r o l  Sy s t e m s

d . P 1 s t  r i b u t e d  M i c r op r o c e ss o r  Sy st e m s

Pre fore lee WI 11 he i~iv en  to i n d i v i d u a l s  t o  c on d u c t  t h e s e  s t u d i e s
w h e r e  t h e  research dire ct i o n  i s  differen t f r om  t h a t  w h i c h  has been
pursued in the past in order o encourat e novel approaches  and
to extend the t e ’ l i n o ~~ogy  b a se  o f ’ c o mp e t e n t  e r o f e s s io n al s .  C lose

coord inat i in  o f  t h ese  s t u  es , between each of t h e m  and w i t h  t h e
hardware/so ft ware t t i h n o l  ogv a sse s s m ent  d es er  i hod above , is to be
effected by s i  a f t ’ of  ONR a n d  ‘i’TC .

Task -I . Research wi l l  b conducted into graohical , p i c t o r i a l , and
a l p h a — n u m e r i c  m e t  hods  of i n  fo r m a t  ion  t r a n s f e r  and  d o c um e n t at  ion
relative to t h i s  spec h f i c  t e c h n o l og y .  T e c h n i ques  common to  g r anh
t h e o r e t i c s  and  p a t t e r n  r e c o g n i t i o n  w i l l  be e x a m i n e d .

DELIVE R ABLES :
A nnual Techn ic al  I R ep o r t  s F’Y 78—8 2
T e c h n o l o gy  A s se s sm e n t  R e p o rt  FY79
Methodology for De~ i g n  a n d  Tes t  l- ’Y~~ )
D i c t i o n a ry  of  Term sm P r e l i m i n a ry  FY 81
Dictionary of Terms FYS1

6.1 Tasks FY78 FY7 1) FY~~0 FY81 FY82

(‘o m p u t e r s  751< 751. 75K 751< 751<
Communication s 751< 75N 7t~< 75K 751<
Control Systems 751< 751< 75K 751< 751<
Distribu ted uPs 7aK 75K 751< 75K 75K
Information/Graphics 751< 751< 751< 751< 75K

375t~: ‘3751< 37~~K 375K 375K

6 . 2 Tasks
Technic al Assessment lOOK 1001< 751< 75K 75K
Design Me t h o do l ogy  

____ -____ 
lOOK 1001< lOOK

• lOOK 1001< 175 1< 175K 175K

2 2 / 1 1 2  P ev i s i o n -Ju l v  1977
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6. EDUCATION , T R A I N I N G , MANAGEMF~ T

V .6 . 10 MA INTEN AN t E SHOP MANAGF ~~ENT

TASK DESCRIPTION :

C o n d u c t  a s t u d y  of c u r r e n t  m a i n t e n a n c e — s h o p  p r a c t i ce s  to i d e n t  i f y
and expand  t h e  use f o  t hose  practices that contribute to high

p r o d u c t i v i t y .  T r a n s l a t e  t h e s e  f i n d i n g s  into more widespread use.

TECHNICAL APPROACH :

There is considerabel div ersity in the test and repair cycles

b e i n g  p r a c t i c e d  in t h e  v a r i o u s  N a vy  m a i n t e n a n c e  a c t i v i t i e s. I t  is
an e s t a b l i s h e d  f a c t  t h a t  c e r t a i n  m a i n t e n a n c e  s i t e s  c h a r a c t e r i s t i c a l ly
have  amuch  h i gher  work  o u t p u t  in  t e rms  of r e p a i r e d  and t es t  c e r t i f i e d
c o m p o n e n t s  t h a n  do othei’ s i t e s , t h i s  in  sp i t e  of t h e  f a c t  t h a t  t es t
equ ipmen t  is s i m i l a r , p e r s o n n e l  s t a f f i n g  appears  t o  be s t a n d a r d .
and no marked d i f f e r e n ce s  e x i st  in  shop workload. This study will

i d e n t i f y  t hose  p r a c t i c e s  t h a t  c o n t r i b u t e  to high p r o d u c t  i v i t v .  From
t h i s  s t u d y , improved shop m a n a g e m e n t  and s c h e d ul i n g  procedures  w i l l
be d o c u m e n t e d  to a c c e l e r a t e  t h e i r  use at t h e  low p r o d u c t i o n  s i t e s .
T h i s  s t u d y  wil l i n c l u d e  a l l  of t h e  shop sub - sy s t e m s  t h a t  need
i m p r o v e m e n t  to ach ieve  ou t  i rnum ATE u t i l i z a t i o n .

P R I O R I T Y : F i r s t  SPONSOR : ~AV MAT ’NA V - \ I B

DELI VF RABLE S :
Shop Ma n a g e m e n t  F i n d i n g s  FY7 S

Shop  M a n a g e m en t  °r - c e d i ir e s , I n t e r i m  F’Y7P
Shop M a n a g e m e n t  P r o c e d u r e s , Fi n a l  FY SO

COST :
FY 7 ~ FY79 1-A’ ~ 1) f’Y 81 J - ’\’ S

6 . 5  8501< R5oK ft~Ol~ ~~ OK 2501<

2 3/ 1-18  Pe~’j sj o n — , T u l y  1977
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6 . EDUCATION , T R A I N I N G ,  & MANAGEMENT

ATF BASF-•LINF PRODUCTIVITY

TA SK DESCRIPTION :

C o l l e c t  a u t h o r i t a ti v e  d a t a  and deve lo n pert inen t  sta ti st ics on
AT E t h r u p u t  f o r  s t a t e — o f — t h e — a r t  Navy ATE sys tems  in a h i g h  w o r k — l o a d
( - n y i l ’ c n t n t  . Pr e s e n t  t h i s  i n f o r m a t i o n  in a f o r m a t  w h i c h  ‘~‘i1l f a c i l i t a t e
co m p a r i s o n  w i t h  o t h e r  AT E sy s tems .

TE (’ I IN I C A I ,  APPROACH :

This  e f f o r t  is in t h e  n a t u r e  of a “ t ime and mot ion ” s tudy but
d i r e c t e d  to  m e a s u r i n g  ove ra l l  p r o d u c t i v i ty , or t h r u p u t , in cont ras t
to m a k i n g  obse rva t ions  on ‘ i n d i v i d u a l  a c t i o n s  in a complex e l e c t r o n i c s

m a i n t e n a n c e  a c t i v i ty .  Two ATE sys tems  w h i c h  are  r o u g h l y  e q u i v a l e n t  in
s o p h i s t i c a t i o n  w i l l  be selected. Candidates initially selected are

VAST and A N / A W M _ 2 3 .  These t e s t e r s  o p e r a t e  in the  same av ion ics

e n v i r o n m e n t , w i t h  s i m i l a r  wor~~- 1oads ,’ Nav y  t e c h n i c i a n s  and contractor
s u p p o r t ;  and are d e r i v e d  f r o m  the  same e l e c t r o n i c s  e r a .  These tes ters

are w i d e l y  deployed  in the  N a v y  and are of a m a t u r e  design . The

i n f o r m a t i o n  d e r iv e d  f rom t h i s  s t u d y  ~vi] . 1 f i l l  a l a rge  gap in the

understanding of ATE productivit Y , and w i l l  a ss i s t  management  in

p l a n n i n g  t oy  t h e  f u t u r e .

P R I O R I T Y : F i r s t  SPON SOR : TTC

DELIVERABLES :
I n t e r i m  Repor t  FY77
F i n a l  R e p o r t  FY78

COST:
FY77 FY78 Fy 79 FY80 FY81 FY82

6 . 5 351: 8bK 
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6. EDUCATION, TRAINING, t~ MANAGEMENT

V.6.12 ACQUISITION MANAGERS-ATE INDOCTRINATION COURSE

TASK DESCRIPTION :

Develop a new course of instruction , or augment an ex ist ing
course , to indoctr ina te Navy acqu is it ion mana gers and the ir respec ti ve
staffs in the different actions that need to be taken to procure

ATE in a more timely and more cost-effective manner.

TEC hNICAL APPROACH :

On e—day seminars will be developed to familiarize Navy officers

with the functions , capabilities , and limitations of each of the

organizational groups involved in the Navy ATE effort. The

presentation will review the DSARC cycles and relate these cycles

to organizational decision makers. The presenter should be a

management-level person with a good overview of the total ATE scene.

Sem inar attendees should be Navy personnel in (or soon to be in)

mana gemen t post ions.

I’l-tIOIlITY : First SPONSOR : NAVMAT

SE LIVE RABLES :
Seminars-every two weeks FY77-82

COST :
FY77 Py7~ r’Y79 FY80 FY81 FY82

6.5 lOOK 75K 50K 501< 50K 50K

25/150 Revision—July 1977
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6. EDUCATION, TRAINING, & MANAGEMENT

V . 6.13 ACQUISITION MANAGERS-ATE TECHNOl OGY COURSE

TASK DESCRIPTION :

Develop a technology intensive course of instruc tion for key

personnel assigned to each major acquisition manager to review the

state—of—the-ar t in ATE . Use selected examples to provide an in-depth

refresher of the core technologies contained in most ATE .

TECHNICAL APPROACH :

This course will review the many technology-based aspects of ATE

includ ing hardware , s o f t w a r e , and interfacing for both on—l ine and

off-line devices. Attendees will become more  familiar with ATE , and
will simultaneously receive a general technology up-date , but this

course w il l s tres s the fact tha t more det ai le d ass ista nce w i ll be
needed for making decisisns on a case-by-case basis. Sources of

exper ti se res ident in Navy , and elsewhere , will be identified . This

course w i ll be schedu l ed in two par ts , two weeks of instruction total .

One week will be devoted to on-line ATE : one week to off-line. Both

parts will include software instruction .

PRIORITY : First SPONSOR : NAVMAT

DELIVERABLES :
Courses of Instruction FY78—82

COST :
FY78 FY79 FY80 FY81 FY82
lOOK 75K 751< 75K 751<

26/151 Revision-July 1977
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6. EDUCATION, TRAINING, & MANAGEMENT

V . 6 . 1 4  SUPPORT FOR NAVY ATE STRATEGY GROUP

‘
~~ TASK DESCRIPTION :

Bring together the expertise residing in all the NAVMAT

l aboratories and elsewhere in Navy to support , strengthen , manage .

and execute the Navy-w ide RDT&E Program in Advanced Testing Technology .

TECHNICAL APPROACH :

To be determ ined . This is a new start. Coordination and central

leadersh ip will be provided by the Navy Testing Technology Center

at NOSC . Strong administrative and managerial support will be provided

by the TAMS Program Off ice in NAVMAT .

PRIORITY : Urgent SPONSOR : NAVMAT

DELIVERABLES :
Annual RDT&E Program in ATE FY78-82

COST:
FY78 FY79 FY80 FY81 FY82
250K 250K 2501< 250K 250K

27/152 Revision—July 1977
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6.  EDUCATION , T R A I N I N G ,  ~ ~i A N A G E ~~F N T

V . 6 . 15 ATE TECHNOLO GY CEN TEP F~ R P?.~D

TASK DESCRIPTION :

Establish a N a v y  managed semi—indep endent , professional , ATE
center to help coord inal e and evaluate ’ the many d i v e r s e  but  related

p r o j e c t s  and  t a s k s  set  forth in t ho Advan ced Test i ng  Technology
( ATT ) RDT &FT P rog ram .

TEC~i N I ( ’ A L  APPROAC H :

‘l ’h ’ b a s i c  I’ ‘u n d a t  i on  of  t h e  ATT p r o gr a m  is t e c h n o l o gy . Because

t h e  newei’ t e c h n o l o g i e — ’ y i e l d  I he p rom i  so of g rea t e r  p a y — o f f , a

T e c h n o l o gy  A s se s sm en t  t n c l  For~~c a st  in g  F u n c t i o n  w i l l  be e s ta b l i s h e d .
The p r o f es s  t o n a l  s t a t  I of t h i s  c e n t r a l  AT I C e n t e r  w i l l  .suppor t  and
be s u p p o r t e d  by t h e  a c t  i v  i t  i es of the Nav y— wi do ATE Strategy Planning

Group. As the (xpet’ t i s o  of  t i O  s t a f f  g rows , t h ey  w i l l  a lso p r o v i d e

the fun t io n s of m a  I ys i s , c n smi l tat ion . recommendation , and problem

sol V i ng in  an oh , j o ct  i v t  - a n d  s~ ~m i — a u  t onomou s  mode

An R&D i n f o r n ’a t  ion s t o r ag e  an d  r e t  r i ov a l  s y s t e m  w i l l  be designed
a n d  m a i n t  a i ne d  by t h e  p r  t o s s i o n a l  s t a f f  i n  o rder  to nrovide rapid

access t o  the many v o l um e s  o f  s i g n i f ic a n t  s c i e n t i f i c  and e n g i n e e r i n g

dat a that i s  b eing cenorat ed in this ATI technoloc~v . This data will

also be made av a i  lai )Ie t o  o t h e r s , C’oordin at ion and leadership will

be prov I dod t o  enhance the qua I i t y , compatabil it , and efficiency

of in format ion t r an s  f o r  m~ i t  h in and  bet  WOOl )  all Na ~‘v ATE Dat  a Panks

PRIORITY : Urgent SPONSOR : NAV MAT / TTC

DELIVERABLES :

A n n u a l  T e c h n i c a l  R e p o r t s  FY7 8— 82 .
Intermittent Technical Reports F Y 7 8 — 8 2 . .

Cost:

FY78 FY79 FY80 FY81 FY82

6 . 5  6501< 650K 6501< ~ 50K 650K

2 8/ 1 5 3  Revision—Jul y 1977
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APPENDIX A

CONTINUATION OF SELECTED COMMENTS O”~ 9,FADINESS

1.. Letter to Secretary of Defense . Harold Brown , w ith accompanying

le tter of Senator John Culver to Senator John Stennis dated March

29 , 1977. Subject: “The  Readiness Crisis ” .

2. text of Senator Dale Bumpers as printed in the Congressional

Record of April 6, 1977. Subject: “Military Headiness Crisis” .

3. Message of approximately January 1976 from General David C.  Jones ,

Ch ief of S t a f f , USAF to General Evans (AFSC/CC ) and to General

Rogers ( A F L C/ C C ) .  Subject: ATE Develonment and Acquisition

M a n a g e m e n t .

4 .  R e p r i n t  f rom NO SC Ou t look , V o l .  1, No 8 , June  3 , 1977. S u b j e c t :

Comments of  Norman Po lmer , Editor , 1966-1976 U.S. Navy Section ,

.Janes Fighting Ships.

A—i /P-i Revision 1—July 1977
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~~~~~~~~~~~~~ a.. c... i$ cCL” .I.A. ~‘~~~r- , WA5Mi~ d GTO ~4 . D.C. 203 1 0

t~arch 29 , 1977

The U - r n rj b l e  ~iihn C.
Chair~ an
Senate A r ’~~d S~ I’V IC~ S ~ ~V t,, ’ - - . r cr~àS Iifl JLL fl , U.L.

Dear Mr. Cha ir ,’:j n:

Since j o i n i n g  t h e  S~ n~ t e  ,-‘r ;c~ :i S-c rv ices  Coc’c- : i t tee , I have de.e lo ped
and  purs u-~d an i~~t e r ~c s t  ~n t~ -~ a c t u a l  co~~a t  ro~~ i r c - ss  of our  nih tary
forces.  In h-~ ri n: .s c a d  ,-~~ 

- t~~ di s ru t s i o ns  . as ‘~,e l 1 es in , f ie ld
ins pec t io ns , I h3’ ,~ Cr ~~.’ t ’,’ v ~~~~ to h ~rn t l : e f a c t s , c x h l o r e  the pro~-lems , an d su~~es t  so~ ut i cn ~ -.H: ich e n u l d  ‘; .prove cur def e nse cap~ bi li t ies .

The Secre t u ry  of f l e f c n ;c  ar ~ th e  Ch~ irc -~n of t~
-,e J o i n t  C h i e f s  of Sta f f

provide our  C c -  .c :  t t t ~~~, in t he i’~ ~naua1 r~. ; - ~r t s  , w i t h  an  o’. o r v i e - ,~ of
the r e a d i n c~ s c~ cur  i t c e e s  H broad e u t h i re .  In  rec ent  yea rs , t h e
picture h~ s b~~ n one c i  j ’ - r ~ .;~~c r t  ar d tcri~ us roh i  mins

In order to stud y t hes e i:; c~~nt issues in c;rc~~t~~r d -  t~ i l  , I trave led
to a repre~ en t ~ ti .‘e c ros~ - -~ :c~ i o n  of a ~ -en m i l i  t a rv  i s t a l  l~ t ions ,
covering al l  ic -j r ~c r v ic ns  , dur ing the f irst m ;eek of [1~ c c her , 19 1 6 .
A list of ti~ ~1aces v i s i t ~ J is :t t ac hed.

On the basis of my v is i t s , ~nd a~ t er  r ev~c~ of addi t iona l de c c : - - n tary
r~ater ia1s subs eq uent ly pt ’c- -~’ i ’ - ’d to cc , I h a e  prc~ c cci the ~f lC i  os Ud
report , t hich address es n~ t (nly s p e c i f i c  lcc ~ l ~~t i ic t i rns Lut a lso
the broader issues of read ness t i hich are of ~rcc t  concern to cur
Conimi t tee .

A ssisting re on this in~ p ect~ on t r i’ r m~ere (Hn; - c
~e roster , the ahl e

and versa tile Professic c -sl St t’~~~:.he r  of our Cc -: . - ci  t t c e  , Chct rlcs
Stevenson of my st~ f f , a nd C e pt c .  i n  R. T. fl~na iaq ,  Nc’,’y escort
officer . I dee pl y a pp r -ec iu ~ r 1, J : : ’i r  effe rts to n:e~ e cur re cc’ s sa ri ly
br ie f  v isit s inform ’r t i’vc c d  product ive . c _

~ 
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- -
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Slncere ’ C I
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A— 3/D—3
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~~5696 CONGRESSIONAL RECOi~D—SENATh ipr i/ ~~ . In ;
ItSSD*tlvsly M~1vth. ~ co~~d be I

260 1~~ or Io ’
to tbl 

g 

~~~ of Bs t cornmensur~t wtV~ o~u ~~ er ~~~U~~~&1 ~~e ~oçtitIotI d.m~ nd, w t 1  ~ t’  , i ,-

lit flea: Pre*~~~n’~ Oo~e ~~d qu~- ~~~~~~~~~~~~~~~f~ C t1,)n t &nd tsr~~*nal bufi t . ThIs ~ ~~~ ~~~~~~~~~~~~ OOT~~~flt *~ L the SeIt Th• ~~I~tIU~~ $0 thSsI probi.m. ~ n- ‘~

Woui d r C~au I Ic.br. tsi~ker, ~~~~~ rwiortbe printed tn ~te ~~c*~i~ ~~~ ~° ‘~‘‘~~ 
mor. mcn~ c ~Jtbou ~h

thc&per th e. the CiIa~~ 10 Sb! TIqUIred to There being no ~~~ eCtk’II the i’ePo~t funds sr. ci. ri~ r.I..d.d for e.rtatu nUIIt&i ~

~ _i~~ L~
fl
~~aI

SO
~~

t
tfl 

t Me
~ifle 

. ~~~~~~~~~~ :c~ c~~ :ed to be pi•Inted In th f ’ ~~F i)RD 
&etlyl t:e.

CatiM. It w&nth to ovo Own w~ter-cr o€s - 1L1CCIk ~d r~~OUrC~~ Ob DeV. e ’j tCI ,,.. flP U t
b te t t ,  ~~ ~ 

Tui R,zct ~,Ni~ss 1 su.sts bt ,d s4 d I t i ’ * . , r~*~r,h rsth.r than on cur

~
, Abou& t~iree would be needed Amerlea ’I Lnllitmft’y fcWUc- SA’e th ~ ‘~~~ ~ ~ - ~~~~ re&diisefa ‘Yet the rush t.

c~)5,t~flg f rom $3 zuhlil to $500 uñllI on ~~~ ~~~~~~~ Of ~onibst 1’SI.d1It~~~. O~~ICiI;’ hi) tt ()fl haa ~~~~~ ‘r~a t t V  elCeedId ~ pac e .t~trI
‘flif’ a ,N(1 p t & i t t  ct gathe lysten t would ~~~~~~~ °~ 

duiiars sPent on &apXii..tIc*t~d t~~ -~ ‘~~ 
1 ~~~~ PTOdUCS4 ii’e&te r rs’~t ,bI~ i ’ - . - & rcl

c_ - C, ’ mo re th $500 million ~~~~~~~~~~~~ ~* P 7  ~fl4 511. 1CC, . ~ ~~ i~I c3-ctc co.t.
PCt rO- (’& ’ ‘1~ I*ICI in Otta the two ~~~~~~ M1 ’e a11C4 C1 tr&II~1 , ( ~ ISU1 •Xpa~ de.i ~‘c h~~ C’ be,’n nfl cat a’i’ ’ up In t b ’  :t ’  ~~‘ 

,

I ~1 y-~el ~~ ~~~~~~ Info at lon f~~ 
funding for r, ’ r~~ . - ra’d  C- ,ls.lt4’1u~ ~~ ~,C ‘ C c  technolog y thit we b&ve I.~~’le~- ’ I

; ~ made to the Nati on Energy 
(-an rely on ~~tiy ~ .-..t2 ~~~ uon - I ~ Ok. . T i e ’ s  in betni Our prC-s ’Cupslt n cu -

Boar ,.rni othe r ~‘ c-er nment age.s L~ 
fu r esi to bC fully pre1ar .’P~ at szt ~ ~~~~~

‘‘  tCct  -. r -  ci alit threata and Cft Pat I ltIe~
a; c mn I t .  pronhiles all c- ’ rc niunltle~ 

made It ques i ‘nabis. rather than -c
)V~~’s plan will be eon,.ul tesI P~ -~~ t , _  , - .. ie  h A S  I- ’ , -  , r lt l.cns. ~ - - ; t ~ that ae C j uld precall It any (-( l iii-

- - t tc r med the depli rut re h, i ’  th”.j c i’ ,.., I c r  ri tore
¶.t ’ tt ’c I thr~ ugh the tiIIllIlCry ch,U u ,,f otno It add.. l ittle tc I c t , r u -  nrC t , , ‘iSv, ecut

Ml1 l’l \I1Y R N’ESS c p a  ,taan,j and in a t t l u -L I  I .acrtq tA~ the (100- new weapons on the drawin g t . t r . . shen
c’r-p’~~- I t t  I-lane , ~~~~~ u T.~,,nd ‘ I I C C r t s a r large numbers of ot i r urrent pr icr . ” I

Mr. BUMPERS. Mr P i t ~ lent , my ’1 ‘ ‘ - I - ‘~~‘i” - ‘Cii C(.I’ , and shtp~ ~annnt be relied upon today
frIend and coZieague nit Ute rm’%l se~a - a a . -. g’t v — n day ‘-n y about t’~~It c1ur We need to Improve our combat r adrzce ’,.
k r”c ( ni ntttee Serakir JOIIN (‘uLvis of ib air r a f t  re Op rr tona reft.i tO r c a  it thi means tore~ olng or it F I th e
Iowa recently mad e an Iniportant ~ tt edr mj-e ~r In t he f a - qutsit!on of C(..5t17 new Syste ms or add
port to the c-cwnmltt-ee on the (‘Ombat c ’ i  tht’it 

s1’,Is’ ,n$, tbe~~~ cC, fo r th(ae t lnnal personnel , the n we should make t hoe
z-esd,lnea,r, of our Armed orretn Since ~.s 10 per’ent 

. 1 ’  ~~ lOW g cho lc~~ POT deterrence for cr ises and

j oining the Armed Services tT’ clarntttA ’s’ ~~ Itti .t.r. bc-caine o~ planne<t rnialnt.enan.’e 
ri ’nt1ngenct ~~ in the next few years , and for

Senator CuLvzs has done a major ~~~~ s ’~d unfo reaecn Icrohte~~~. only shout half f 
Improved perception, of America ’s strength

lee by focusing on the question of coni- 01Cr slupe are operationally reely at any time. e~
’
ia
’
~t 

~~~~~ ~~~~~~~~~ we mt~st turn our

bat readiness ~~~~ su esUng ~~~~~ ~~ In orslec to make Ott: planes capable of Wh 
S mnsc

bT4yove our &ctt~~l defense capabulUes. 
~~~~~~~~~~~~~~~~~~~ ,~~~~ ~~~~ fleet or an ~~~~~~~~~~~~~~ :~~:c~~

’
~~~

’
~~~

report bas ed on an inspecUon returi.eu sit.erwarel yor man plan th strong and capable unit And since military
trip to 12 miitts.ry installations in I~~ Is one Instance of this switchin g azi4 ~~~ funds are neceessrily limited by compet ing

~~~iber 1976. end a review of Defense switching of pert.. f .~ c every so rtie flown , requirement s fo r budgetary restr aint and for

Department documents, presents a se- Main tenancie personnel are often over- other government programs, our cit izen s
iii5i ~ Picture 01 growing readiness de- work ed snd even discouraged from reenlist- deserve the most cost-effective defense ~~
flclencles This is a protilesn which should Ing by a cannibalizat ion rat, that wastes sibte

be oI great concern to the Senate and appric~ ImateIy 10 percent of all eimlntenance it HAl CONS’irrvrxS READINrSS ’

to the A ierican taxpa m an-hou rs, with anle personnel reporting iteaij ines6 is admittedly a somewhat ti n-
that tine-third to one-half th ei r time is spent precise conoept, Incorporating both quan-

r vu ou that te e can rel y e~lel\ on j gytin~ perts t r io one aIrcraft to tltati v . meseures (such as the numbers of
on only a &nall fraction of -ur force,- to ~ l” the, personnel and equipm ent on hand) snO
be fully prepared for combat On e.ny These pr ,t,le me hac  e bee n getting worse quaUtatlve jUdgTneflts about the ability of
given day, only about hal f of our ~~~~ rather than better in recent years Since I9’13 men and machines to carry out assigned ml..-
craft  and only hail of s-or ships ar e thcwe hal been a ~te,~4y increase in the per- alone. There is a complicated reporting system

operatiomtally rs~~ iy On rna n,y t)ianee eeutac ’ or Navy atrerssf t grounded because deat-r ibed below , but we discovered that corn-

w-arce parts are switched and reawltch ed ot t. let ‘ - ~ apart- p&rcc . InC tuc ’ r a4~ &.t )esr it s t , l , ’ rs  hay S broad discretion in determin-

- 
S ,t,’ t J . ’ t t  .!~ p.’r Cnt ch,- a, Por,-e cau’ti h g  uceir status One commander, for exam -

for et ery flight To re-du e ootut~, tralmi oalt;’ c t :  Ti It ,. c,~ & ut’ ,esl In r o t - part th’o p ”  raid that he never considered hi.. units
hug has been cut to a point which under- c~~ rr S I t  the ere’n hiVt er Navy r t t t -  i c  h er  ti. trained Another deliberately down-

mines the ,ombat prnflrten. -y of our again as rugh ~s in ig~ 
3 grath ci a unit as an incentive to improve

flgtstlng units We hav i- aL’~n n,a de for- hI r es, :i~’ . ( t 4 5  h -i ” t idtl , ’e I trsjl ki:,t, ~~ 
some c~ ntmanders report high readiness de-

etgn m ilitary sales c mod,’ r-r j weaponry era r l - ’ t -s ~ the ‘ imi t ric l I  few s idlers , sail’ rtt spill- admitted shoc tages of some people with

before fillin g the requirtmctith of our SOd airnIen ac oiL y gilt t~ Ore t u e  we’ ,a 1 . t t t - - c r r t t - a i  skil ls and persis tent problems with

own fort- s’s And these problems adversely as~.’.lgned i. - t he m , to wI th s.ilfflc ii it ri- cqt ts ’ n y c er ta in  Kinds of less ~~~entlai equipment.

a f f - ~ t the morale of our servic e men and 
to dev el ’p J r  iii Ic-n v Iti lb O l t i dash to Om it ted from the specifi ed readiness Tar-

C .st iea fiirt .he ~ ,,~ 
bu ild up our mii hrt i . inlmig t t ’ r t ’ lg t t  m ili t is: — tori is one which I.. probably the most irn-

.r aggra s ng S 0 e. 
~~ies t . e  hat e n t .  I, t I t l ed  t -  t i i rnlsh for f - ant i t  the hardest to determine —

of the highly ‘,silled ns- rsonnel needed rign po w s-u aI ’tc  mn slc-r n weaponry heti ti - , ’ morale W irlcimt broad lim its high mora le can

to opei-a te our sophis ticu ted mil itary meellng the needs of our own armed for ces make art ett ectt ve fighting fo roe of a unit
h.l ’dware Sitortages “ F trained perso nne l caress iv e which cT ne rw lse  is undermanned or unde r-

iii ‘ Cttt v F~ bell- -he thst It, add’ ,‘ihalIttemtsnt ’e req tmi r em e ’t  Ia. lnadeqtiate sta p- et tp pi t ccl  Simi larl y , low morale can ,,oft n the

litt le to cU r  defense to t i t ic  1- ~xot,ic flEW f OCS of all spare parts . increasing ca t s all p rI nt -h of l.ri e best-equipped unit. In fac t .

)Ltne’ - “i r k’ a ci hi )S ~ ‘~ ~ ~ I c e  e f s,Ctc-r ~ l.~~t ,  c ret t te ’ i  a viclu s ~~ ~ r course high mora le anti high sta tes of

- , 
- - . r r e i - t t -ed combat readiness and ra 1t ~ i l t i t v  r ea d ii ; , ’- ,s gener al ly go together. Vnlt .s th at

- al len large num bers of our cur- 
~ re nted y fo r p - i i  s sn, r , i l v n  ,tt i have ade quate numbers of quality per .

r. -i l, v, ess pon.s are not fully operational - , - - -
~ ~

,. ti;ei r ‘hiems 
‘ ar-id es1tllpnIerlt sic usually bet ter able to

t.4ay Un c o t  IU(ies that , we t ,hould as- ‘ ‘

~~~~

‘ ‘

~ ~~ d ‘ 
t r a l , r  and i’ot dUCt exercises that build co-

sign a hrgi et - pr ior it ’, to improved readi ’ t r u~C’
°

~ , ci°t~~~~~~~t~ 
~~~~~~ l~~~Ol  l ieu’ -’ combat fo rces . When men are ove r-

one.’- In, to tu t u t il l existing force s ‘~~q ’ r  t i c  US tax ra are nut eul t i ’ 
worke d wit-h maintenance of inferior equip-

lhit ‘n,.h!r m t—dc ‘h is’ Sen a t o r  rightly Ihetm ’ mon ey ’ s worth from our h,mndrc d ~, 
mel: t. h o sc ve r , or cannot obta(n sui~ r’ie nt

etn v i.h,i t Wiiet i  the Aj , t ” r ’ i c a n  taxpayers ton do llar plus defense budget 
~ob aaUsfaeUofl. It m ;-iaV be Mg’

arc :, ‘, l ,ot to rpcnd over $123 billion a We are a-sat ing probable billions ,t(  d i r ’ ,,,- niflca mit in tluia regard that commanders wh o
3 51 . OIl , ! r f t -ns c , they expec t i- t i ’ong ari d eac h “ear on unn.cesesry nisintenat C , reJ u- r ’ t ci th e most ec- mpta t rta fr ’ t , ’  s ub— rdl -
e~~p’ahIe fo r t’— , and l it - v  deserve the nioct “ sliced by unreliable equipment. nat e  pr:’ t it’mIeI on issues lik e the percei ved

- s-i -off ,‘nt io’ defense possible, We are c ’ rai niflg the personn el ay’~t ’ n t  to “ er csl t n ol benefi t s ” happened to head u n i t s

Mr P s”-,t dent I reco mmend S~~ at ~~’ ~ i I t i u it ~ liv prol iferatIng $dvaiie’e d 1 s t e m s a-t i- i, had perlotie readiness prnbie~ics th us
- 

, 
“ 

- 
- - ,h ’ I req Ire increseed num bers of I- ‘ , t i v  l i t ’ Ur f t t  or st t i t her preSi t i te link bet %O’e a

- i a s  , S r ins’s. repor or e a ~~~ ti, ‘ erhnlr -sl 1-e r- .oc r te l  - ‘ , t t t i t  e-.s ~nd Cot. nt ~~~e .e  ai t i pe r ima p s i r
trol l of tar t’nul, - r r i n~ It Is the Intes I t t  

i c  A - e mt~- t ung ne ’ - prccgrsm,s Into prt t- r i t e - ‘ i t
his cont r l l i c i t t o l i -  t o  the work ( I f  ths ’ ~ .. -  .T I - . - bern sdditK’tial rese ,rt ’li de v elo p- lmrt p r ’ ’ t a .ilt (I ’ 0 . ‘ C i  Im p - s i t ’ ~ ,imi
Ai-yrnt! Serv ice’ (‘o mn iit t r” nod ~~~ r’~ - - ‘ ‘ ‘ mig asid e,P,huat ic-n might tra~n’ lt.ii ’j ier . it requir e’ a stn ,, Iai lne d ct” , I OF
f t ‘c-I.’ to pr n ide a defen se it- I t  r i l e  it 1’ .~

- ’ - ‘se, sit. t -c- ’ iv problems ~mnd w he n ade tIlt II c l i i i  ii ve T ‘Or e: - I 1,r prcti’ i Ill eq ii pI O i l

i-rOtt-et,’ , tb- N-mt i tn i ’ ‘ci n i t  - ‘ ‘ . j vd’~ Lo4aq,s&Wstlr.ml h - I  f bi bCert g iv i - rI to ‘ P t t t t  - ‘ ‘i  . , ‘ .-.i pe” ‘~1 net ROd r,O I,tc - ‘  -

A ’- 4/ D-4 BE ~~~:T A~’t~ ~S~ F ro:~
L. , - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~
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rate. Thees tasks go together amtd taI.e tt u t e  c l r i r l r n g  their coin niand , moat omeers said phistl cated weapo ns tn these f t t t ’ ija coon-
But the single most important change Is a the  reporting was generally securats and tries must be considered in light of the re-
sim ple one c~ perspective: to give comba t ~~~~~~~ adlneea is at times even unde ntated quiremente that such sales migh t place on
read i mien~ a high prtortty and coi c t t i t r r  at- rl it l ier tiIamt exaggerated . our cg’lUcitIIy skfllsd manpower capabIlIties
te ut ion , ts ’s p it e period ic Inspecto r General visits to for these n”,s ’,a-mna , as se ll a. Ilie cor t i 1 ca ’ i i-mi

if senior coinanarid era and servi ce budge ts c hec k on unit readimiess , there is no evidem ice on l t ~, is t ’ t -a brl pp,,rt kr these sya z i-ni i
r a c e -  preoccupIed With desIgn ing or buy ing of al l y systematic effort to go bac k and cc-rn- )~~~~ HOOD , TEl
newer w eapons, rather than b*v ing today ’R pare actual with report ed stat us, or to
forc es ready to perform their missions, the re v ise fi tn ess reports when serious prob lems The prlnn pal readtne-c-- b,atm~ c f  t u e  i tm ir t s
Sc r s t t -es WIU respond to and reflect thosie are discove red I believ e that over -s ight proc e- ~~ FO!’t ROOd is t h e  s tat us of tra inIng arid

-
~ ‘ priorities , On the Other hand , if readiness dures should be expanded and strengthened. ~l~i is ( ic nt ats- r IM suppo rt Mos t of the un,lt ~

is the touchstone (or pride and confid ence amid that offi cers should be held act. ‘ - , t ’ ,i t tia ble rnesti add lIl t is t  tzaltal ng to imp roic their
itt our military capability amid is recognized f i t r  exaggerating the condition of their u~~Ita. re&dlii(ta8 \ -a th is dli to - mi re c it e d  f inds
as a priority before tOe acquisition of new Military personnel g.ner~~iy ‘have a strong f0t only SO i t ’ r -  “mit Of t h e  t r m t , r , r c i ~ day , ii n .h
weapons aystems , readiness wi il improve and dedIc atio n to duty amid a “ can-do ” spir it , had been ri-s i : ~~~~~ d We were ads to ’d ti lt. ’
will remain high despite defi cienci es i,n numb ers , tralnlr~r, or the constant rot ~ ti on t I  u nite to F urope t-

C OMBAT R EA DI SESS R EP OR TI NG SSSTR MS equ ipment. But our men and wome n in the ~ ta istng t. Pr0bIetIt in stab iii t i t’ -r t t , I i i i t ttC
amid mf l s l l . lA ’ ns,mice A icrtr if lca i i i  pori tumI

Active m ilitary units are required to ro— SeiVIces deserve better There are son ic In- the mecha led eq uiphic- i r l a s  a’rrs , ar td
port regularly on their combat readiness In dit’atSOnl, for exa mple , that a heavy mainte- 5lrcr ~~ t -

~~t,,’ bel ,t. til e re,sh , 
~
, t i - ‘ - ‘ a

accordance with an elaborate system. Wh ile miance load so met imes leads to reduced re- 
~~~~~~~~~~~~~ ~~ the (jeeps le ’ t l  Th e’ .. tts mat

ther e are variat ions among the Serv ices in eflhikt tment rates Several corumaxtders r” - ~~~~ H i M  d.-  not have all ~ t the hj raot m t
th e kinds of Information reported and the POrted that they lack adequate numb ’rs f 

~~ , , ‘ ‘. ‘~~~- ri ta uoe’ 1 1 , -v ar, ainiinr’,ed
precise definiti ons Used , the report s general - per~~,nit ei in supervisory cull-ct-ed grade’-’l 

~~~~~ are och er sb - ‘  c-,~~-s o~ eqt t l p m t tem t t r
Iy consist of s,n over all unit readin ess figure, ~~t ntIe shortages in ~~itiral siOlls wI-re at- 

~~~~ itocat sunup , r t. it in c- ts r , ’ r- ’ ~~
- t -  t eti ,

plus tiguret i for perso nnel readiness . equip- tribtmted to competition from private indus- c reate xi by 0 rcI ~~, OIIJI I .,ry htii(’~ Of rtl, ’i-
ment aind supplies on band , equipment read - tt’~ ThCI’~ Is thus an apparent riCed t~~’ ~ Jar (-c ’m i,’ern we re dist ’uast- t i  t i  at a-.’ had
Inees , &nd traini ng readiriecs. Itt making de fl exi ble lIt , n ’ r i t l se  syste m to attra c t e tlt lent w i t h  r’, mrie It t I~ - t roopi wh o expre ss ed
terminatIons for these repor ts , commanders personnel in the,~e skills and Ii rc- qctl remefl t rem over’ a s ho rt ,4 - ’ of tiI ~ t , t  lii t~II 

~~‘ 
‘Cm ’ thave some discretion and can add special fttr Cii,sie monitoring of the rc nac1Itr ~-sS re1-itrt -

remarks for further expi anatlom I I t ’ g in the peers -tim id area. Ti c-t ie tn -i - ,,’ “o re v i t r o  c ri ed t i , t i t  t it E- ’ cl ii

Each unit report. a “O-rattng” for readi- Similarly in training, the re m us t be a not have ~l,s’~- goggles b r  th in to ,

ness , both composIte and by the tour listed close watch on readinesis Many units have tr.’ ips being tr’atrte,nj at F r ’ Ht ’od had these

categori ce C- I means fully read y to per . reduced exercises In order to cut crate WhIle C’P k’ t~ ” with tt’ .e~ii A r t h u r  co nrer lt cx-

form its missions : C—2 means substantially no one cla imed Utat tt, e-se reciuctions tow- pressed w as w ith the adequacy of t i ” t n  t i s lc e

ready; C ; • marginally ready : and 0—4 . not c reel pro fi ciency to an unacceptable level , equ litment for c hemical w a” t , rr S i l t , , t t  ‘ n t i s

eady For example , unitS are C—i in terms be i t - t ’ t ht e nlng cle arly has its limits. mese HCIIi- t ’l”,er pIlots. t n t  exa mple , ss td t i nat

of personnel when they have 95 ‘ percent mumtt be carefully studied so that minimum present unit “ ldy gas Ina.-t ks cam im iol be us -i l

F theIr assigned strength (in the Army and lCn,.- L e  can be re. in,.zmt: u-cl and filia l nam ed safel y by both mentb er - nt t h e  t i  ,nt I
c ol ic ti me

Na’ ’ ,  ~a - percent Inc t he Mart t . e Corps att d Not all unit s , “ F co c nr - -e m nurt be f ill cc-rn-
Air Fi red . They drop to 0—4 when their bat-r eedy (C—I t  at sf1 times. But persistent 1.t ’ Kt a r ts c art tn s-.n sat ’
st rength is below 76 percent in the ~~~~~ ~~ shortfa lls ct -cu d lead to situatbnmns wher e A t l u t e  AIr Fennn — fii. ’-e . we ret s I t e d  .t i.-
percent in the Navy, ‘70 percent in 1)8MG mobilizatIon ano dep it cyme nt co nti ogeney port on the re iil lnrn’ ,,e 5t~ t n i  ‘ - I  the Ai r t- - I - t -

and Air 1”’ o’ e pla ns are bnta i ly  unrealistic arid ur i , , t l smt n-  newest F - It matrrraft as ‘s ell am, t I n’ t - td , ’ r  F 4
Whe n rxt eaeuring equnlpinent arid supplies abt~ almn’raft At the time n i t  my i’ lslt, Oi t t v  2:1 ,

on hand, the Army and Marine CorpS con- osst~t va’mr - ras IN IIIP uwm,n line 43 P 15 aIr-cr aft at l ike v- n-rn ’ m e p n ’ r rnc l
Side r 9 0 S  percent of equipment sulfi cient DurIng ou r vi s it to a dtnye n military bases as flyable , a-t Ilt the re nn a l,uui n ’r  dmisi n n - t I l t - , ’
for C-. J ar id below ‘70 percent requiring C—4 , a fair cross-secti on of our defense eetabtlai’- f t  repaI rs u’r su pply We also lear,tenl t i t t , r
The Air Force uses lower rates of 85 n per- merit , we fo und the morale of our volunt eer th e unit con t per STyI ng hour ol’ t h e  F- uS Is
ce nt and below 66 pereen t The Navy rating fnnrt’r’c surprisingly g inO despite the pmo bte ml is q nmi e a bit higher than that of tlt e F 4 oar-
inciud ee the in re’ r n.lI supply situation as cited . cr*ft, and the mo h nt eu, t a nc e nian -hon ir ’ per
well as numbers of aircraf t , A further corn - Non ethele ss, the progress that our n*tlon flyIng hour were nearly as rnt rc h an the older
pllcat lon is that the Nav y reports in terms Is mncak tnw tow arti s~’ I I evlflg a hard-flghtlt~~ 

F 4 &Irci’aft M, r - - ‘er , the F 15 is s it ifer i n ig
of mission area readIness as well s~-

, ove rall force—read y to mnt ee t any situation —ia, in nearly three timers thn cttn’niih,tiIv,allon rate
co nnbat readines s nic y j udgme n t . bet ntg s ertt tu sl y and uncon- of the F 4

A separat e rating Is given the equipmen t ec lonia bly Impeded by a a k cni’ ln,,i ln.tice a d  It Rn erflni ti lilt’ that t n - t i  t i t ” , i n ’ r a -plilu- t I-
ai- t n t a ihy  on hand ‘I’h e Army calls unItS mainitentat . , -e annpport. cun l e-ci ,syal5’it ln, are d e n ni ,’ ncst r n. ’ i t t g  flt ut’t t fl ight-
C’ 1 when 90 - per cen t i f  their equipment Our nat itmal Inter est req’i i r.ns the m e t  Cr operatin g it ’d maInt, - t ,  i c e  costs thsmni
is ope ratic-t n~l l v  ready and 0—4 when that cost-eff ective deferLce &v ’ , t r t c .  we ‘non a,’ t i t ec e  I t :’  olde r a i r c t , , f t  that (11ev w ere Im i t eti de d
percenat iage drops m e l -s 711 percent. The it is th eret ,crn ’ distre ss ing, f r  example , to t o  replace 1)cimlmtg the lnul,’l year the opera-
Marine Corps uses 85 percent amid t nn ’ :nn w timid ‘ihat t t ’iu’ a ,u t  q tm a ntitlf’ ‘ ‘ F  br and new . tl ot nai reasl tr ’ n ’n ” rate tu r the F 15 sl rc raf t  has
55 percent for the Parv e rating s Inn the case hh,rhly 0 5 1 ,e t .n t n,’e and a - l i t :  - i,te n’i air -raf t bs’ em m consinileritly lower than the n t a mtd a rd
of aircra f t , the Navy considers units C—i Imnn -c p .-rab t e because of ‘tn ’ nt its’s-s f repaIr est nt btt nched by the Air F, r u n’ arid event lower
whe n they have 75 percent nit th eir air craft par ts - These problem s pinigim e such alt craft than the older t- 4 ahr ra!t ‘lic e A i r For ’ n’
safely flyable and ca pft ble of pemf ncnm n ing as . which we examined aS t i e -  P 14 , a $117 bil- haae recen tly placed nn icnly new pers tnnt in ’ l ci
signed missions , th ey are rated (1-4 when Ilomi program ; the S ‘ na a $11 4 billion pm’ - ’- I k e  who a-Ill t -n ’ n1 ili re stg nihti a’a,nit t r a i r t t ; t g  o n

the percentage drops below 4(1 percen t f ri gram; and the P 1 5 , a $ 1 2 2  b l t i t , nn i  l n mo v rann n m iies l q - i a l i l t t - d  Ci ’ :  re,,nml re tn iemnte

the Alt Force , units are rated C-i  when When w e pay st ln ’h ninIms 1mm Tnod ernn we ap- Wild n-ru n sntn t’ mntst ’t’ nn.iy, , Ash
co er  70 percent of their aircraft are opera- ot is . we properly exp ec t that they a- LI ~‘nE’ A l  Wtihimm nci- A I r  F,tr c r fla.,e , we v is i ’ n’,I lice
t bo na l ly ready s nd (‘ - -4 when the figure drr.pS ke p n c n ncbat read y and quickly repn .lrat n ie n , m n - l t - rgr - , i tu t , ln ’  f l igh t traini ng f a c l t t t t e s  and
below 40 pe rc s’t : I am alSo cortice rned that many t ’f  01mm ; n ’ t ’ : m’d brie fin gs Ofl ti le program be ing con-

Tr a t , i t nua t  Is atl ot it er concept aix t ii t whose lIen fn, r , ’es are w o rkIng hard and t rai n ltt n ’ 1,0 do t -ted at this location lit any foreign pilot s
v e r y  meamilnig there is no nuni f ormity among fl g t t t  a w ehl-&rnteci amid armored n” rn tv  a- l I l t -  are traIned by th e Air Fn n r , e tO Willi ams The
t t n m’ Services The Army a t , i  Marine Corps sn o t inet ng r iV e nt the visIon’ modermn Weapons base Is opernt ’i t ig at this t ime at only 60 per-
t ie  their nit ’ mugs to tIm e required to bring that we f i nd  be-lug sen t tin many f,nrn’h.a i Put  t t  - CI vi l ly al-id n iart y t rainer aIrcraft
uncit.,- Is ’ n fn mi l y  trained status lic e Navy n’ , , n n r t t r i e s  tt nd er our forei gn s t a t e ’  program are s t t t l n t g  idt~ ott the runways Some of
has Ics.c sp~’t’ l t m n ’ . more j udgmental cr iteria ‘ntis is part in ’ciIt. rly ev i dent  in Ihe , ‘a’,r nil the a t m - m i t :  ht.c e In, ’en placed in vt~~rn-~ge nit
The At ? Fi rs ,’ tIles mite (neas nime of the per- ~‘° ‘  ‘ t ’ t  generat ion of h t g t n in ’  an’, n r c ’— a n t I - Ibis ti me it w n-ntrlcf appear desIr able t o cx-
centage ‘f  trained air crews t ira t are mis ta r t  t t ’ e im t t unn ’~ the ‘I (Ii’. arid lnrnt,5’ , n  p in i re Ilie Pt .-,‘ ihi i lr v of using prIvat e co n-
shi n ready. A T tn f l i es  it ttCefllti that modernizatIon nil tr actors F r  a st m bsl iarnt ia l  ar ni, nnt nt of the

A n t  outside obse rver fi nds it hard t , t  US I .~n’e’ . inns been ‘enn bor di nated to a big traln tnt g ‘1 fn n rc ig n  1ni t ncts now being per-
- n ru ’ l n ’ r - t  and why there should be su ch differ- push t nt nln’ c s t o p  rica - weapon s F’ ‘r exp anded fn ’r , n ’e n l  by t I , e  Air Force
.n u ’ n - ’- am n n ig the Sec-c- l en as t , n  w h at co ns t i - f ,n rehoi sales We are being nisked Inc t ics ’ inn’ -

i’ te - ~ ~‘t mrie nnns degr n -n ’ ’ n , f  no m bus t meaelhmi es ’ u t e r n , n ’  fl e l nti rt mi’n et il to bel Iev e h u t  a n n i t a tcc r 
n c s  ‘ t i nTs ,. ‘n - i t  c i i .  ‘5 vrs ( Ita el’ n i n n s ’ ,  ti

l’ s rha ps a n n ntr s f ,  t i dna nn ie ntal icr ’ l i t  n—ni t Is S- nv id 0 t Il l I Inc the Ft mops’ s mc thea I-re has \Ve ni b—c rs ” n i  It I m t  cn 1 nn ’ r mal ‘ t i s nit t in s ’  F 4
w iue t h en the win O’ 1st It t ide ft ‘r local jr i tit ’ - ‘ -n c hni t n ni  imn n pi I at m ini Ito n ’ ,  r NATO F ‘rn ’s-i . bnn t air r ‘ ‘I it l , ,  n’ t lie u ’a rr ler it’ na’ tot a i t t  ic ing
me m nt rn-suIt ,’, i n rt tn np ara h I~ sl id at ’ t ’ n u r a t e  at t ine salon- I tn Ie v-c find that In c fact tt t e cr u Ise n i t  San t n t e t t ’ ’  We aIs ,n fiI ’ cc,u ’ t s en l t in ’
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Polmar s peaks on Soviet Navy
Spe ak ingt o th reef u1I- house all itienceS at ~.1i~~t I ~’ suh m ar in ~s carry abo ut 800 Penp lt ’ key e lt-iin ’r i(

NOSC l’eCC ’ I tt I \  , N~t t  Inl,III Poirnar dIscussed strategic iriissiles , compa r ed to abnnlt fF,I) 
~~ coticlurliiig his preset i tat l ) i i , Poliriarthe Sn- ivi t t nav,i l 2c, r ~’at , cari ie d on U S ,  FBM suft s, 

~~) j I J  - ‘i’ t, - key elciiie’ri t in an~ It : ’ , ~ ,Po1I)ldr , ~u1itüi’ of tht US. N a vy  section Inc1u(~t’nj iii the &) ~ it ’t fleet n- it” ’ 33 :~s w~- ii as our ni n, is t he pen I,In ’ S c , v c n ’tn

~~ ~f J Iil)t ’ S Fig h t i n g  Shr p ~ f rucu  11~~In to I97t~, ‘‘Ya cik ~,’c ’’ class b1 ,It~ each carI’y inn - ’ 1~i sa I l c I l ’ ,~ a r e  intelli . n , ,iIt and h i g h 1~di,~i’ussed t2’ -,n- ’ S’tv ie t navy ii’i an instrument SSN~ rni ssiIe~ WI t h ranges of mere th in  inot ivatei l , ann-I very t~~’ii tI’IIIlIti d ~of flIIt~ )lUuI p )) 1l( ’~ - - 1,00(1 na uti c a l 111111’S , and ten Delta I and II ‘ ‘ ‘[‘heir offcui ’ rs are also :it~ ll~~ ’’t t andIn IlitdItI()lI to t heir role as combatants , c lass submarines, ‘1111’ latti ’r carry 12 or l6 hig~~v n~otj vi i t n,’il Mos t of thcm arc soaso rhe c~ II l , ‘‘t he S,,Iv in-’tS USC their ships on a SSN-8 mi~ sil t’~ wit h r]I1L n.’s of ahoLt 4 , 0() gr3i)~Lso)L~ of naval officers , or partyd~~ - t ’~ ’n ! y bI’Ii, fi r’ polit c~ul presence and nautical i’niles, nIr - rn2x ’ r ,~ One hundred per cent are-
CI’ I IF’ ‘ I It , I t I ,  ‘ It 

‘ 
A Delta st lt)r llarIrIe s itting it ‘durii~:i:ts k co tiC-gi- graduates; half of thr’:,i have‘ - t I) be ef fe ’Uve 111 these roles , the ships can tar~~n’t all 7 tht ’ nllrthcrn purtiuri of the COI(I1) lCtt ,’II pnIi~t’gra duate ‘iiii!i’ -

~~, m:irIv upmust be m t I t I t ’ssive to potentia l ad- US., in an arc extending sou l_ h almost ~° ~u Ph i) ‘S ifl naval s( I(’ncc’ - ‘  
-

vt ’r~~1:’it ’s , 121  t h e y  are ,’’ PoLnlar sa i t i  San 1)1-1 14 0, Polmar said, Polmar noted the ‘ ‘ ine rt-I l  ‘~:ngHe’ citt ’l  as an exanip le the ‘‘Kashin ’’ He sa il t:u’ ’t det n’i’t ion for It, ’- Soviet pri)f n ’”’cIO)Ial lS’(li’’ of Soviet navyinenclass guided mIss Ile destroyers , which FBM ~iihs is done by long-rann-~e Bear ,ittd 
I ‘I’ht-rt - a re  no S t : t n ’t t - IIn r i t n ’ r p~Irts to US ,with l,t nn ’,’ , f s  f .214- 37 knots are th1- wor ld s Inn.’ 1 :’IIII r:i ri~~

,’ R , t ’ 1 n -~n ’r ai r c raft , a l I t  by NIl’ , (%n n ) i I ” I ]  l and d i n t  ‘ ‘ h i d - I, “W e f ict l t i n t
f,i ’- ’”- - t  t)n ’nLifl-L1 )t! I 14 ships t t so  - ‘ a t - ’ 1 ! - ’ ’’ - n ’ : t : 1 i .e f i r  n~ 210 501 - r I I , lnc ‘f IF’ ’ ‘to ’ -, n ’S l i t  miniiy of tt:~ k n n,’l’he ships are powered by gas turbine uon~ ~

X III’ 5 ShI~~t I i n -~ t i n ft- S i  n t  s I t ’  ‘f the
el t n-2 :I11’,s and firin t we nt to sea in the c~ inter Oth e’ r flt’et,s Ic i er
of lt~ ;C);3. in contrast , the U,S, Navy ’s first l’o liiiar 1115 1 n-li~ ’ ’u~~n’ti the other oUn ’ : t l t -  -

etas turbine ship, USS Spruance D[)- 9~i3 , goiflg S c  H- f1c-t ,s
went to 51 ,1 in 197 5. ii tb’ o ’ t ’ . ir icin -~t’i phi’ ’ resea rc h and in-

H- n i_ in  I lls) di’,n’u~ st ’nl IF’  S i c  I’ ,~ first t e l t I ’ ) ’ ’:I’:r’ c ’c , t l t ’ n ’I iOn flj ’ ’ t ,s , The f ,t c’i:,n-’r is
aircraf t  cart  cr , Kt n ’’; Tht’ ‘tICIO, 

~~~~~~ the lar 1’ - ’ct such fleet in the w. ’~36,1)00-t in iii~p1at ’ n’] i I- ’’)t S hip ii, t i n ’ 1IO’4’’’7 l i t  i ’ ’ I to coil~ i 2 1 1 1 1  ni l 5’ t n ’ I l f i f ic ’ data
Ship builil 21 the S,, ’. t n ’t 1’ n , n  he s i t u  101,1111 the o c ’ ,itis , and there are about 5’)

KR- c , wh:e h h,is no C i t . n j  t t ~ UI’ n-h’ 1~:.~t ’ -I Intn ’ t l t n -1 n’ IIu ’ n ’ collection ships
arre4lng cabt ’ ’s , car r ln ’ s YAK 1’ F ’ - u ,t’’r ‘ A t ;l’ s ,  it t lt , ’ S n ,V j ’ ~t r t av y .
V/S I 0 1 ,1) 1 1- i- ra f t  ,i:,’l hr ’ t t c ’  1It ’ ’i 

~ 2 i 5~~
C Il  ‘ LU’. ’king fleet , cons isting of

W hit are the .~~nvi t ’ t_ s buIl n-111I 14 C’~~r ’I’ ’r~~’ at ,  - t i  5i) .~h ps used to track space shots ,
‘‘The CSSI1 h a ’,  ‘S’ ,Itcht ’ ul  carrier f i l i til ’  i n- I’ 114 , Polnuar notI - Il , uses Iand-tj :ns ”,t

ben’, t t u ’:iii:I~ d ’ . ’ i int ng 1)1 It ’ ’ ’ f ! c ’ ’ t s  ‘f Its ’ t I n ’  1, 1 . 2  fa e i l it t ’ ’s because it has a i t tes
U.S in- I :t~

, aIIm ’., ’’ he sa id - K:n— v , a i th it,’, a r ’ ’ t j : m ’ i tI: n ’ ’,Vc ‘ l t d  ahere these facilIt Ies can
35—4 1) V/S’l~ 1 - ai rer , ift , can lx’ in the’ ro ll:) t~ - m i - - i t  ‘ II I Thn’ sn ’ shi ps are a lso used for
plan e ,it t t t n ’ ri14ht t iInn ’ Ii’ i t n ’t C1)ii t] ’Ol ‘If ~ ‘ lm ~t ’ - :il ‘‘~~r ’ •~’ ’ I t ’~~~

’’ es~~—ci a lly in Third
sit o , n t : ’ ’ r t  - ‘  W c u r ’1,1 coiii:t u : ’ ’, , as a demonstration ‘~f

Main threat ad’~:i it - ’ - I S .c ’ s-t t n ’1 ’ t t t i u l t - ’ 1 4 (

The Soc Ie’ Ls ’ n,,it :t na’.y t t : r ’ ,’ it , 1 ,2W - I )  :1) tLn ’I’ , ’l l,I i lt  f1~’ ’ I The S n t v m e t  mn-r n 2 1 2 1 1

sai nt . conii~t,’, u ’ I ‘n ’ ’-  I 2 ’ t l l I l t ’ I I ’ ’ f i t  _ i r i ’ l  2,, tI n -I I’ , n t I L,,’ , n ’ ’ u t t I ’ ’ I ’ f i t — I  ‘f sn ’n ’ , i i m u l  in n m i i I m t i n ’ t ’

a r n ’ r n f t , pa: t , ’ ’:il: r !it thi’ n - u t ’ , :10)  
~f Vi ’ ’- , , ’ U and f i rs t  in toLd tonna’4i’,

‘ ‘ I ] i m n ’ n i l U l t  rI ’71n1 l i ,u t r i t : n  rs, ( ‘‘I l t i~~~Iin ’ i  t nn US  rarik:i i~s of s : \ t ,’) OC
The SIIC: ’ ’t .‘,cd , lIn t Iii ii I’ s 340 t~ i , ,ts , 5 - c ’ ’ : t t t t  ant i t I t c t t  to t n ’ t i t t I in U’- ’ s i n e

d t t - i U t  three ’ t m i : , ’’S a” ri~, n t I i t  a t in- t, S n ’ a t n ’ ,’ ’ n M n ’ ’ ,,

fl n t  I t : , ,t : , i I ’ y 
- Sill ) ’’ the 0 0,15 , t he ‘ ‘[h,’ y ’ - ,Ir I’nT ’,i V,o5 t ttn ’ (‘ r i t ua l  V t ’  II’ in - -

nuc: 1a ’ r of U S L I I  l~ bri~t Itrig nuc lear wh ir - h the U S , a sea puar ’r , a l’ ,  nc t ’ - - I ‘ )  -

sci h r I _ I y : : s
~ 

Inis 
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’ 
Hti~

Us I t fic II 1,, it 2 1 I t ilt -n ~1’, I,, ‘n iii t 1 I t t  f in t cuni I I ii s 00

111,11] ’- b’ t ,f l f l t ’ iat l )  a - , ‘, t ’n ’ ii hull’ i :14 ‘ ‘ I l t_ l I f l e r’ 5111111, r r’qur r rn)4
m ’ u I : : l w t ’  n - I t ’ l l  S inc “2 n t n ”, n ’ 7 d ! i ’ : i n ’ I i t  of on/ n f f - l i n ’ l n g  0”II!tI”s ,1V, l i I ,’ ,i In ’ nol’, at % dunie I, Nirmhr’r S

gut’kin-l rniss: l’’ n i t , n I n i I Fn ’s f inn Sill)— n_ IJ ’ d t ’  po rts , f * -w of v,’hu’h t’~~:.t in ‘I’hu’d 
~~~~~~~~ ~ 1 ,, ,~~

. 
~~~~~~~mal’iIt’ ’i— ir,, ’ lIiiIIn~ tl~- Sh in t O  F ‘ S_~,7’, - :t 0 W’’ i ‘ 2 - ‘ u - , l ’ t r m n ’s  i ii’ M’ - ‘  ‘ ‘‘“-‘ ‘ Pn nt , i ‘ ‘ ‘ - n  CS’ -

a 25O~n a - : t i ’ ’aI mile ra t14 -’ tI1i’,,’ni lC carried The’ Sni’,i,’t f ln’’ t built!,’, large r : m t ; r t t n - r  in ‘ if  I S” n , )  NPUIZa ~~~~~ 2. ”
b~ ilt ’  t 12) I- 1 n ci is - n ‘,)lblflarines il_ is roll on/roll-off ‘,hilns ‘~‘.-h t h do not ri quint 

C~ o I l ’ I I
also n ’ai no n ! by four other i’ias:,”s of Subs , any sp’-n ’I i l  f a c i l l t ln ’s  NIIt only are they Jo n- n ‘,o,’.st ‘, u  , , , ‘ , , , 

‘ i’ ’ , ‘ n i - n . ,-

and by ‘K~ nO -- and ‘ ‘ Kre. 1t,i 1’’ c lass i~s,’f ’ i l f i r  Ciii ’ 14 ’ t , ht ’ S I l t  - but they also
crun- n’rs ) have ~ 1tn ’, ’i,d heavy’dut~ : 1 k  pl a t l r u 1 4  tha t own nnc, -~~ 1 .  ,

~~
‘ ‘

u,,h tt  mis 1 -, mti t be surfa ce all  a- , th ni to in tanks 
I I I I

Iaunn Fn ’.I by tI:. subs , the ‘‘Charlie ’’ class 4 t f i~ t t ~~~ fli’et , a lsn n the lardn ’st n t he , , ,- u ’s n i  ‘‘ ln. n ’ inn-si ,

subni t in’ s n j ,  It carry 8 S”tN CruiSe wo n t , which cn)lI i i I tr i ’ ’s t rawle rs ; n 0 . ’r r  v ,, ‘, - , ‘ ‘ , , , , n , , ’ , n  , i  n- , ,‘ n- ‘ n-
mIssiles with ‘ I t ) - r : , i : i t t ’ i t  mile riI1~I’’ t hat shi ps t h. ’t 1 1,1,10 , f i l et , ran and pack the “ , - u n n - , . ‘, n,~ p. ,,,,- ,..,n

r ’ar~ 2~ ’ :iiinn ’h’ - ’I 1 1 0-t n I ~~, t ’ ’ l  fish , and rn ’ f r I1 ’ n ’ r , I t ’ t r  .5h tp’ n th,it t’ ;irrv thn - — ______________________________________

PoIr: n,ii’ n ‘ ‘ I t b— I Soc n t  F1 ‘t Ballistic fish froiii the f I ’ , ! t l r t d  l’r’ c n ) i r I d j s  dir’’ , th y - tin

market -
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