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Introduction 

The U.S. Navy has completed the I n i t i a l  Opera- 
t ional  Test and Evaluation ( IOT&E)  of the NATO 
Patrol Missile Hydrofoil ( P H M ) .  This i s  the 
f i r s t  U.S. Navy sh ip  program t o  complete a l l  
aspects of desiqn,  construct ion,  Technic?: Evalua- 
t ion  and independent Operational Evaluation, as  
required under DOD Instruct ion 5000.1, which s e t s  
f o r t h  the  "fly-before-buy" po l ic ies  required of 
selected DOD system acquis i t ion  programs. 

This paper reports  upon the PHM t e s t  proqrav 
planning, execution and r e s u l t s ,  throush the 
rompletion of Technical Evaluation and discusses 
those aspects  f e l t  t o  have been of unique benefi t  
i n  the rnanaqement of the proqrarn. In add i t ion ,  
the major areas  of t e s t  proqram and system 
r e l i a b i l i t y  and the lessons learned a r e  explained 
;s well as  an attempt to  draw overal l  conclusions 
r q a r d i n g  the  overal l  concept of exhaustive 
prototype t e s t i n g  pr io r  t o  enterinq a production 
proqram. 
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The program r e p o r t e d  h e r e i n  has been under 
t h e  management o f  t h e  Naval  Sea Systems Command, 
t h e  Navy 's  system a c q u i s i t i o n  manager f o r  a l l  
new s h i p  cons t ruc tSon  programs. 

The independent  30-day O p e r a t i o n a l  E v a l u a t i o n  
o f  PHM, accompl ished under  t h e  cogn izance o f  Com- 
mander, Ope ra t i ona l  T e s t  and E v a l u a t i o n  Forces,  
a l t h o u g h  s u c c e s s f u l l y  completed,  i s  n o t  r e p o r t e d  
upon i n  t h i s  paper .  

I. Program Background 

I n  November 1971, t h e  U n i t e d  S t a t e s  Navy 
awarded a  l e t t e r  c o n t r a c t  t o  The Boe ing Company 
f o r  f e a s i b i l i t y  and t r a d e - o f f  s t u d i e s  r e g a r d i n g  
t h e  s i z e  and per fo rmance c h a r a c t e r i s t i c s  o f  a  
new c l a s s  o f  submerged f o i l  m i l i t a r y  h y d r o f o i l .  
T h i s  s h i p  was t o  be capab le  o f  meet ing  t h e  
d i f f e r i n g  m i s s i o n  and combat system requ i rements  
o f  I t a l y ,  t h e  Federa l  Repub l i c  o f  Germany (FRG), 
and t h e  U n i t e d  S t a t e s .  A  d e c i s i o n  t o  proceed 
had been reached t h e  p r e v i o u s  month by NATO 
P r o j e c t  Group 6, i n  response t o  t h e  U n i t e d  
S t a t e s '  o f f e r  t o  sponsor a  program t o  deve lop  
a  NATO P a t r o l  M i s s i l e  H y d r o f o i l  (PHM) capab le  
o f  mee t i ng  a  h i g h  speed a l l  weather  NATO s u r f a c e  
w a r f a r e  m iss ion .  D e t a i l s  o f  t hese  even ts ,  t h e  
e a r l i e r  U.S. Navy h y d r o f o i l  s u p p o r t i n g  techno logy  
and t h e  e a r l y  p r e l i m i n a r y  des ign  e f f o r t  o f  t h e  
PHM program were r e p o r t e d  t o  t h e  AIAA i n  Paper 
72-796 i n  J u l y  1972. 

The s p e c i f i c  o b j e c t i v e s  of t h e  NATO PHM Design 
Stage program were t o  des ign ,  deve lop  and t e s t  
a  NATO Standard  PHM l e a d  s h i p  and e s t a b l i s h  a  
p r o d u c t i o n  d a t a  package, t o g e t h e r  w i t h  f u l l  
s c a l e  t e s t  r e s u l t s ,  capab le  o f  s u p p o r t i n g  
n a t i o n a l  d e c i s i o n s  f o r  a  f o l l o w - o n  p r o d u c t i o n  
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program. The PHM Des ign  Stage Memorandum o f  
Unders tand ing  (MOU) , s igned  i n  October  1972, 
p r o v i d e d  f o r  c o n s t r u c t i o n  and t e s t  o f  ( 2 )  U.S. 
l e a d  s h i p s .  I n  Germany, t h e  progress  o f  t h e  con- 
v e n t i o n a l  h u l l e d  S'143 c l a s s  f a s t  p a t r o l  b o a t  
program w i t h  i t s  complete land-base and a t - sea  
t e s t i n g  o f  t h e  same combat system as p lanned f o r  
t h e i r  PHM has enab led a  German d e c i s i o n  t o  d e t e r -  
mine t h e i r  e n t r y  i n t o  PHM p r o d u c t i o n  s o l e l y  on 
t h e  bas i s  of t h e  t e s t s  o f  t h e  S-143 program com- 
b a t  system and t h e  U.S. l e a d  s h i p .  

P r e l i m i n a r y  des ign  o f  t h e  NATO Standard  PHM 
and U.S. V a r i a n t  (weapon system) des ign  was 
completed i n  December 1972, and a  c o n t r a c t  f o r  
t h e  d e t a i l  des ign  and c o n s t r u c t i o n  of ( 2 )  U.S. 
l e a d  s h i p s  was awarded i n  February 1973. The 
b a s i c  s h i p  des ign  i s  i l l u s t r a t e d  i n  F i g u r e  1. 
Launch o f  t h e  f i r s t  l e a d  s h i p  occu r red  i n  Novem- 
b e r  1974, o n l y  s i x  weeks beh ind  t h e  o r i g i n a l  
c o n t r a c t  da te .  However, program c o s t  g row th  
f o r c e d  suspension o f  work on t h e  second s h i p  i n  
August 1974 and r e v i s i o n s  t o  t h e  p lanned t e s t  
program, d iscussed f u r t h e r  below. 

11. Tes t  Program O b j e c t i v e s  

The PHM program commenced p r i o r  t o  program 
l e v e l  imp lemen ta t i on  o f  DOD I n s t r u c t i o n  5000.1, 
co rne rs tone  o f  t h e  " f l y - b e f o r e - b u y "  p r o t o t y p e  
t e s t i n g  ph i l osophy  now p e r t a i n i n g  t o  a l l  new U.S. 
weapons systems procurement.  The U.S. l e a d  
sh ips  were o r i g i n a l l y  conce ived o f  as t h e  f i r s t  
s h i p  o f  a  30 -sh ip  c o n s t r u c t i o n  program and were 
funded by Sh ip  C o n s t r u c t i o n ,  Navy (SCN) app rop r i a -  
t i o n s .  The t e s t  program p r o j e c t e d  a  s ix -month  
s p e c i a l  underway t e s t  p e r i o d  t o  r e s o l v e  t e c h n i c a l  
and r e l i a b i l i t y  i s sues .  

However, DODI 5000.1 and t h e  suppo r t  i n s t r u c -  
t i o n s  wh ich  f o l l o w e d  i t  i n  1972, made i t  c l e a r  
t h a t ,  t o  meet U n i t e d  S t a t e s  o b j e c t i v e s ,  a  more 
comprehensi ve weapons sys tem t e s t  program wou ld  
be necessary.  A d d i t i o n a l l y ,  complete t r a i n i n g  
and o p e r a t i o n  by a  U.S. Navy crew would be r e -  
q u i r e d  t o  f u r t h e r  enab le  an " independent "  agency 's  
t e s t i n g  o f  t h e  s h i p  and i t s  l o g i s t i c  suppo r t .  
Consequent ly,  by t h e  f a l l  o f  1972, a t  t h e  t i m e  of 
DOD DSARC I 1  approva l  o f  t h e  l e a d  s h i p  program 
(and a u t h o r i z a t i o n  o f  U.S. s i g n i n g  o f  t h e  PHM 
Design Stage MOU), a  number o f  changes had 
occu r red :  

1. The development program was t r a n s f e r r e d  
from SCN t o  RDT&E f u n d i n g  by t h e  Congress. 

2. The Navy crews were t o  be f u l l y  t r a i n e d  and 
i n t e g r a t e d  i n t o  t h e  t e s t  program. 

3. The f i r s t  l e a d  s h i p  wou ld  pe r fo rm  t h e  t e s t s  
necessary t o  e s t a b l i s h  r e s o l u t i o n  o f  p l a t f o r m  
r e l a t e d  i s sues ;  t h e  second would address weapons 
system e v a l u a t i o n .  

4. A  t o t a l  o f  90 days o f  I n i t i a l  Ope ra t i ona l  
T e s t i n g  and E v a l u a t i o n  (IOT&E) would be accom- 
p l i s h e d  between t h e  two sh ips ,  i n c l u d i n g  a  30-day 
independent Ope ra t i ona l  E v a l u a t i o n  (OPEVAL) by 
Commander, Ope ra t i ona l  Tes t  and E v a l u a t i o n  Forces 
(COMPOTEVFOR) on t h e  second s h i p .  L a t e r ,  suspen- 
s i o n  o f  PHM-2 c o n s t r u c t i o n  due t o  fund shor tages,  
p l u s  e a r l y  t e s t  comp le t i on  and d e l i v e r y  o f  t h e  
Dutch MK-94 F i r e  C o n t r o l  System, caused r e v i s i o n  



o f  t h e  t e s t  program so as t o  be performed e n t i r e l y  
w i t h  PHM-1. The f i n a l  s t r u c t u r e  and schedule o f  
t h i s  program i s  i l l u s t r a t e d  i n  F i g u r e  2. I t s  
p r imary  o b j e c t i v e  was t h e  accompl ishment o f  a1 1 
t e s t i n g ,  t e c h n i c a l  problems r e s o l u t i o n ,  r e l i a b i l i -  
t y  and m a i n t a i n a b i l i t y  assessment, and o p e r a t i o n a l  
e v a l u a t i o n  necessary  t o  suppo r t  a p r o d u c t i o n  dec i -  
s i o n  by t h e  government. 

111. Tes t  Program Concepts 

The PHM t e s t  program i n c l u d e d  c e r t a i n  innova- 
t i v e  concepts cons ide red  t o  have been i n t e g r a l  t o  
i t s  success. P r imary  f e a t u r e s  were: 

1 .  A separa te ,  comprehensive t e s t  requ i rements  
s e c t i o n  t o  t h e  c o n t r a c t  p r imary  performance spec i -  
f i c a t i o n  ( C a l l e d  t h e  Sh ip  Systems Requirement 
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i loculner~t (SSR) , which s e t s  f o r t h  t h e  b a s i c  r e -  
(111 i r p i ~ ~ ~ n t s  f o r  a l  1  v e r i f i c a t i o n  pe r fo r~nance  demon- 
s t r a t i o n s  by t h e  c o n t r a c t o r .  

2. A  t h o r o u g h l y  d e t a i l e d  s u p p o r t i n g  Tes t  and 
E v a l u a t i o n  P lan ,  wh ich  i d e n t i f i e d  a l l  l e v e l s  of  
p r o j e c t e d  systerlis qua l  i f  i c a t i o n  t e s t s ,  qual  i t y  
assurance t e s t s ,  f a c t o r y ,  docks ide and underway 
t e s t s  and f o i l b o r n e  calrn and rough wa te r  t e s t s .  
Th i s  p l a n  a l s o  d i s t i n g u i s h e d  between C o n t r a c t o r ' s  
i n i t i a l  "Eng inee r i ng "  T r i a l s  and s p e c i f i c a t i o n  
compl iance "Performance" T r i a l s .  

systenis t r a i n i n g  p r i o r  t o  s h i p  launch, e s t a h l i s h -  
ment o f  an i n t e g r a t e d  U.S. Mavy/Contractor t r i a l s  
crew e f f e c t i v e  t h e  f i r s t  day o f  underway opera- 
t i o n s ,  and replacement o f  balance o f  c o n t r a c t o r ' s  
t r i a l  personne l  ( excep t  f o r  s h i p  master )  as soon 
as Navy coun te rpa r t s  completed underway q u a l i f i -  
c a t i o n s .  

7. E a r l y  a c t i v a t i o n  and i n c o r p o r a t i o n  i n t o  
t . r i a l s  suppo r t  and assul i ipt ion o f  p r e v e n t a t i v e  
and c o r r e c t i v e  main t tnance r e s p o n s i b i l i t y  by 
t h e  U.S. Navy In te r i n1  Mob i l e  Support  Group ( [ M S G ) .  

3 .  Es tab l i shmen t ,  e a r l y  i n  t h e  d e t a i l  des ign  8.  Placement o f  a  Sen io r  P r o j e c t  Managenlent 
and c o n s t r u c t i o n  phase, o f  a  Navy On-s i t e  T&E Rep resen ta t i ve  on-scene f o r  t h e  d u r a t i o n  o f  t h e  
l ? ~ p r e s e n t a t i v e  (NOSR) . The NOSR was de lega ted  underway t e s t  program. 
under t h e  c o n t r a c t  a u t h o r i t v  t o  m u t u a l l v  r e s o l v e  
~n~elhods o f  l ower  l e v e l  perfbrmance dern&st ra t ion  
o r  qua l  i f i c a t i o n  conipl i ance  and g i v e n  approva l  

9 .  Acco~nplishri ient o f  a l l  DSARC I 1  I Produc- 
t i o n  Dec i s i on  r e q u i r e d  t e s t i n g  w h i l e  m a i n t a i n i n g  

a u t h o r i t y  on a l l  l e v e l s  of  t e s t  p l ans ,  procedures,  the ship in a predeli,,ery s t a tus ;  i.e., under 
and r e p o r t s .  t h e  cognizance o f  t h e  Navy P r o j e c t  Manager. 

4 .  I n c e n t i v i z a t i o n  o f  c o n t r a c t o r  achievement 
o f  perfor-111ance s p e c i f i c a t i o n s .  

5 .  U t i l i z a t i o n  o f  p a s t  exper ienced h y d r o f o i l  
~ w r s o n n e l  i n  a l l  p l a n n i n g  aspects o f  t h e  PHM TRE 
I)roqram, th rough Sh ip  P r o j e c t  D i r e c t i v e s  w i t h  
o t h e r  nava l  a c t i v i t i e s  i n  t h e  case of  t h e  Govern- 
~ ~ t c n t  rlntl through h i r i n g  o r  i n t e r n a l  t r a n s f e r  by 
the c o n t r a c t o r .  

6 .  Coniplet ion o f  0 . S .  Navy classi-oom and sub- 

The r e s u l t  of  these features  has been an ex- 
t r eme ly  o r d e r l y  we1 l -documented t e s t  program, 
al~nos t e n t i  r e l y  ~r~anaged on-scene, hav inq no 
de lays  due t o  " d e c i s i o n "  f l ow ,  d o c u ~ ~ ~ e n t a t i o r i  
development, l a c k  of  adequate t r a i n i n g ,  person- 
n e l  o r  n i a t e r i a l  suppo r t .  I n  a d d i t i o n ,  t h e  Ravy 
P r o j e c t  Manager has r e t a i n e d  throuqhout  h i s  needed 
a u t h o r i t y  t o  respond w i t h  funds and o t h e r  ~ i l a j o r  
dec i s i ons  t o  meet p rog ra~n  con t i ngenc ies .  

Figure 3 PHM- I Platform Syztc~nl\ 



I V . u i p m e n t / S y s t e m  Q u a l i f i c a t i o n  T e s t  Program 

C o n t r a c t o r  F u r n i s h e d  Equ ipment  

Under  t h e  PHM c o n t r a c t ,  component and  systems 
t e s t s  w e r e  e s t a b l i s h e d  w h i c h  r a n g e d  f r o m  d e v e l o p -  
ment  t e s t i n g  a t  t h e  d e s i g n  o r  component  l e v e l  t o  
t o t a l  sys tem c h e c k o u t s  a t  t h e  c o m p l e t i o n  o f  
f a c t o r y  i n s t a l l a t i o n .  I n  a d d i t i o n ,  1 3  m a j o r  
c o n t r a c t o r  f u r n i s h e d  i t e m s  w e r e  d e s i g n a t e d  as  
" C r i t i c a l  I t e m s . "  C r i t i c a l  i t e m s ,  i d e n t i f i e d  i n  
T a b l e  I, were :  "models,  components,  subsys tems,  
and sys tems d e t e r m i n e d  t o  be c r u c i a l  t o  PHM 
a t t a i n i n g  s u c c e s s f u l  and r e l i a b l e  p e r f o r m a n c e .  
These were  i t e m s  w h i c h  ( w e r e )  n o n s t a n d a r d ,  i n -  
v o l v e d  t e c h n i c a l  r i s k ,  l a c k e d  c o m p l e t e  d e f i n i t i o n  
a t  t h e  p r o g r a m  i n i t i a t i o n ,  o r  w e r e  d e v e l o p m e n t a l  
o r  u n i q u e  i n  PHM a p p l i c a t i o n . "  The m a j o r  h i s t o r y  
o f  t h e  PHM p r i m a r y  sys tems and  key  d e s i g n  f e a -  
t u r e s  a r e  i l l u s t r a t e d  i n  F i g u r e  3. D u r i n g  t h e  
P r e l i m i n a r y  D e s i g n  Phase o f  PHM (Phase I ) ,  c e r t a i n  
c r i t i c a l  i t e m s  w e r e  s u b j e c t e d  t o  d e v e l o p m e n t a l  
t e s t s ,  u t i l i z i n g  s c a l e  mode ls  a n d / o r  component 
p r o t o t y p e s  t o  e v a l u a t e  a l t e r n a t i v e  d e s i g n  con-  
c e p t s  and  v e r i f y  t h e  equ ipment  o r  c o n c e p t s  
s e l e c t e d .  

Table I. Critical Items Lbt 

Foilborne propulsion engine 
Foilborne propulsion gearbox 
Foilborne waterjet pump 
Waterjet inlet system (foilborne) 
Foilborne engine air system configuration 
Hullborne propulsion engine 
Hullborne propulsion gearbox 
Hullborne pump 
Automatic control system 
Hydrofoils, pods, and struts 
Hydraulic actuators (retractionlextension steering, flaps) 
Take-off drag and hullborne maneuverability 
400Hz generator set (ship service generator set) 

T a b l e  I 1  d e f i n e s  t h o s e  i t e m s  w h i c h  underwent  
Phase I d e v e l o p m e n t a l  t e s t i n g .  A d d i t i o n a l l y ,  
d u r i n g  D e t a i  l e d  D e s i g n  and  C o n s t r u c t i o n  (Phase 
I I ) ,  f u r t h e r  r l ~ v e l o p n i e n t  t e s t s  were  p e r f o r m e d  t o  
q u a l i f y  co~ i iponen ts  i n  t h e  i n d u c e d  a n d / o r  m a r i n e  
e n v i r o n m e n t s  d e f i n e d  i n  t h e  p r i m a r y  p e r f o r m a n c e  
s p e c i f i c a t i o n  (SSR) . The Phase I I d e v e l o p m e n t a l  
t e s t  p rogra l l l  was a p p l i e d  t o  b o t h  c r i t i c a l  and 
n o n c r i t i c a l  i tenis, i d e n t i f i e d  r e s p e c t i v e l y  i n  
T a b l e s  111 and  I V ,  n o n c r i t i c a l  i t e m s  b e i n g  
p e r m i t t e d  a  v a r i e t y  o f  a l t e r n a t i v e  means o f  
e s t a b l i s h i n g  q u a l i f i c a t i o n  o f  t h e  equ ipment .  

Table I1 - Phase I Development Testa 

Baseline hull drag 
Baseline hull maneuvering 
Baseline hull seakeeping 
Verification hull drag 
Aft foil system 

Waterjet inlet system 

Engine air inlet system 
Antenna arrangement 
Shuttle valve 

Take off drag and maneuverability 

Hydrofoils, pods. 6 struts 
Take off drag and maneuverability 
Foilborne waterjet inlet system 
Hydrofoils, pods. 6 struts 
Foilborne engine air system 

configuratky 
Antenna configuration and 

GFCSIradar EMC 
Automatic conirol system 
Hydraulic actuators- 

A l t e r n a t i v e s  i n c l u d e d  a c t u a l  t e s t i n g  o f  com- 
p o n e n t s  o r  e q u i p m e n t  a n d / o r  a n a l y s i s  o f  v e n d o r  o r  
o t h e r  s e r v i c e  d a t a  t o  d e t e r m i n e  s u i t a b i l i t y  t o  
t h e  PHM e n v i r o n m e n t .  V e r i f i c a t i o n  o f  t h e  Phase I 1  
d e v e l o p m e n t a l  t e s t s  f o r  n o n c r i t i c a l  i t e m s  was 
a c h i e v e d  p r i n c i p a l l y  t h r o u g h  t h e  l a t t e r  means 
t h r o u g h  u s e  o f  C e r t i f i c a t i o n  D a t a  R e p o r t s .  

Table I11 - Critical Items 
Phase I1 Development Teat. 

T - Test 
Q - Prior QualificationIUsage 
A - Analysis 

ComponenVsubsystem 

Actuator, afl flap - T 
Actuator, fwd flap 6 steering -- T 
Actuator, strut retract - T 
ACS control computer - T 
ACS power supply - T 
ACS height sensor electronics - T 
ACS height sensor transducer - T 
Electric generation system - T 
Waterjet inlet system - T (foilborne) 
Foilborne engine air inled system configuration - T 
Hydrofoils, pods, 6 struts - T 
Take-off drag & maneuverability -. T 
Antenna configuration 6 radar EWIC - T 
King post bearing qoal. - T 
Foilborne propulsion engine - Q 
Hullborne propulsion engine - Q 
ACS inverter - Q 
Actuator, hullborne steering - Q 
Foilborne pump 6 gearbox - A 
Hullborne propulsion gearbox - A 
Hullborne pump - A 
SSPU - turbine (only) - A 
Ship service generator set - A 
(Turbine & electric generation system) 
ACS control panel - A 
ACS status panel - A 
ACS checkout panel - A 
ACS height sensor thermistor assy - A 
ACS fwd J-box - A 
ACS aft J-box - A 
Accelerometer - A 
ACS vertical gyro - A 
ACS yaw rate gyro - A 
Foilborne trim assembly - A 

The n e x t  phase o f  PHM t e s t i n g ,  f a c t o r y  t e s t s ,  
commenced w i t h  component q u a l i t y  a s s u r a n c e  and 
a c c e p t a n c e  t e s t i n g  b y  t h e  Vendor and c o n c l u d e d  
w i t h  t h o s e  i n s t a l l e d  sys tem l e v e l  t e s t s  w h i c h  
were p r e r e q u i s i t e  t o  t h e  l a u n c h  o f  t h e  s h i p .  
T h i s  phase o f  t e s t i n g  i n c l u d e d  t h o s e  t e s t s  more 
n e a r l y  a s s o c i a t e d  w i t h  t h e  s h i p  c o n s t r u c t i o n  
p r o c e s s ,  such  as p i p i n g  sys tem h y d r o s t a t i c  t e s t s ,  
compar tment  a i r  t e s t i n g ,  and e l e c t r i c a l  sys tem 
c o n t i n u i t y  and f u n c t i o n a l  checks .  Such t e s t i n g  
c o n d u c t e d  p r i o r  t o  s h i p  l a u n c h  g e n e r a l l y  f e l l  
i n t o  f o u r  c a t e g o r i e s :  1 )  conlponent v e n d o r  
p r o d u c t i o n  a c c e p t a n c e  t e s t s  t o  d e t e c t  m a n u f a c t u r -  
i n g  d e f e c t s ;  2 )  component r e c e i v a l  t e s t s / i n s p e c -  
t i o n s  t o  d e t e c t  d e f e c t s  r e s u l t i n g  f r o m  s h i p p i n g ;  
3)  p o s t - i n s t a l  l a t i o n  checks  t o  d e t e c t  d e f e c t s  
f r o m  t h e  i n s t a l l a t i o n  p r o c e s s ;  and 4 )  subsys tem 
i n t e g r a t i o n  t e s t s  t o  v e r i f y  component and  sub- 
sys tem f u n c t i o n a l  o p e r a t i o n  and  c o m p a t i b i l i t y .  
Mos t  o f  t h e  t e s t i n g  d u r i n g  t h i s  phase m i g h t  
be  c l a s s i f i e d  as  q u a l i t y  a s s u r a n c e  i n  n a t u r e .  
F i n a l  sys tems t e s t i n g  was n e c e s s a r y ,  however,  



Table TV - Noncritical Ibnu Phuc I1 
Development Temtn 

t o  d e t e r m i n e  w h e r e v e r  p r a c t i c a b l e ,  sys tem func-  
t i o n  and  o p e r a t i o n  and  r e a d i n e s s  o f  t h e  s h i p  f o r  
l a u n c h .  

Teat Title 

Governnient  F u r n i s h e d  Equ ipment  

Gyrocompass accuracy 6 drln rate 
Seawater pump capadty 
Bilge pump submrsiblllty 
Intentionally blank 
Mobile support van funclonal 
Vertical reference accuracy 6 range 
Llfe ran release 6 Inflation 
Instr. cabllng water blocking 
Anemometer accuracy 
Speedlog Fsnge 
Voice recorder quallty 
UHF characteristics 
VHF characteristics 
HF characteristics 
Conformance of bell to 33 USC 
Conformance of whistle to 33 USC 
ESM performance 

The Government  F u r n i s h e d  Equ ipment  (GFE) 
s e l e c t e d  f o r  t h e  PHM a l s o  underwent  e x t e n s i v e  
q u a l i f i c a t i o n  p rograms p r i o r  t o  i n t e g r a t i o n  
t e s t s  and  s h i p  l a u n c h .  B o t h  t h e  Gun F i r e  C o n t r o l  

CofnpUance of fuel-water separators 
to MIL-F-15818F 
Intentionally Mank 
250-hour capadty of deaallnator and 
Pwk distillate temp. 
Salt separation panels Mdency 
Comp.1. of elect. equlp. wlth ships 
Operating fluMs 
Shore power overload 
Nav. r .du characteristics 
Ductwork insulation adequacy 
Hyd. system fluM temp. 
Wlndow ddang 
Organizational level support equip. Env't'l. 
Emrgency fuel pumps submrslblllty 
Fud pre-filter: elements submerdblllty 

System and 76mm R a p i d  F i r e  Gun were  m o d i f i c a t i o n s  
o f  f o r e i g n  weapon deve lopment  programs b y  t h e  
D u t c h  and I t a l i a n s ,  r e s p e c t i v e l y .  The H o l l a n d s e  
S i g n a a l  A p p a r a t e n  (HSA) Gun F i r e  C o n t r o l  System 
(U.S. MK-94 GFCS, D e s i g n a t i o n )  employs a  u n i q u e  
c o m b i n a t i o n  o f  s e a r c h  and t r a c k  an tennae  and 
s i g n a l  p r o c e s s i n g  t h a t  has  been d e v e l o p e d  o v e r  
a  number o f  y e a r s  and had been s e l e c t e d  f o r  l a n d  
based t e s t s  i n  t h e  F e d e r a l  R e p u b l i c  o f  Germany 
(FRG) and i n s t a l l a t i o n  ( a s  t h e  WM 28) on  t h e  FRG 

MAN-ALOFT SWITCH 

COMBINED ANTENNA MAGNETIC 
SYSTEM TAPE UNIT CONSOLE 

MK 21 MOD 0 MK 77 MOD 2 

OPERATIONAL NAVIGATION 
WAVEGUIDE CONTROL PANEL TEST SET 
DRIER 

WEAPON CONTROL MK-159 MOD 0 
CONSOLE 

RADAR CABINET 

DESIGNATION TO HARPOON WEAPON SYSTEM 

Figure 4. MK-94 (SIGNAAL WM-28) Fire Control System for PHM-1 
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Figure 5. Harpoon System for PHM-1 

Navy f a s t  p a t r o l  boa t  5-143 c lass .  ( F i g u r e  4) 
The FRG l a n d  based t e s t s  were u t i l i z e d  f o r  system 
q u a l i f i c a t i o n  and HSA l a n d  based t e s t s  were 
u t i l i z e d  f o r  f a c t o r y  acceptance t e s t s  o f  t h e  MK 94 
i n s t a l l e d  i n  PHM-1. I n  p a r a l l e l ,  t h e  U.S. b u i l t  
v e r s i o n  o f  MK 94 (MK 92 U.S. d e s i g n a t i o n )  was 
b u i l t  by Sper ry  and o p e r a t i o n a l l y  eva lua ted  aboard 
USS T,?LBOT (FFG-4) f o r  i t s  s u i t a b i l i t y  f o r  t h e  
FFG-7 and PHM p r o d u c t i o n  programs. Both  MK-94 
and MK-92 q u a l i f i c a t i o n  programs have been suc- 
c e s s f u l l y  completed. The OTO MELARA 76/62 76mm 
compact gun (u.S. MK 75 d e s i g n a t i o n )  has been 
used by  many f o r e i g n  nav ies  f o r  sma l l  s h i p  arma- 
ment i n c l u d i n g  i n s t a l l a t i o n  on board  t he  I t a l i a n  
Navy h y d r o f o i l  s h i p  SWORDFISH (P420),  a  v a r i a n t  
o f  t h e  U.S. Navy h y d r o f o i l  TUCUMCARI (PGS-2). 
I n  o r d e r  t o  g a i n  f a m i l i a r i t y  and q u a l i f y  t h e  
gun p r i o r  t o  l i c e n s e d  p r o d u c t i o n  i n  t h e  U.S., 
an OTO MELARA b u i l t  MK 75 was p u t  th rough a  
r i g o r o u s  l a n d  based t e c h n i c a l  e v a l u a t i o n  a t  
t he  Naval Su r face  Weapons Center ,  Dahlgren, 
V i r g i n i a .  I n  p a r a l l e l ,  another  OTO MELARA 
b u i l t  MK 75 was p laced  aboard USS TALBOT f o r  an 
o p e r a t i o n a l  e v a l u a t i o n  w i t h  t h e  MK-92 GFCS. The 
MK-75 Q u a l i f i c a t i o n  program has been s u c c e s s f u l l y  
completed and t h e  Nor the rn  Ordnance D i v i s i o n  of 
FMC has been l i c e n s e d  t o  b u i l d  p r o d u c t i o n  u n i t s .  

The PHM p r imary  weapon i s  a  c a n n i s t e r  launcher  
v e r s i o n  o f  t he  Harpoon s u r f a c e - t o - s u r f a c e  m i s s i l e  
b u i l t  by McDonnell Douglas. I t  shou ld  be noted 
t h a t  t h e  Harpoon system can f u n c t i o n  as a  s tand-  
a lone system ( F i g u r e  5 )  o r  r e c e i v e  t a r g e t  i n f o r -  
ma t i on  f rom t h e  MK 94. 

The a i r b o r n e  system i s  adapted f o r  su r face  
f i r i n g  by t h e  a d d i t i o n  o f  a  booster  rocke t .  
Shipboard launch f rom a  ASROC box launcher  was 
t e s t e d  aboard USS DOWGES (TF 1070).  The use o f  
a  f i x e d  c a n n i s t e r  l aunche r  was f i r s t  t e s t e d  
aboard the  David T a y l o r  Naval Sh ip  Research 
Development Cen te r ' s  h y d r o f o i l  c r a f t  HIGH POINT 
(PCS-1) and l a t e r  aboard t h e  USS STERRETT 
(CLG 31) p r i o r  t o  i n s t a l l a t i o n  and t e s t  aboard 
PEGASUS. The sources o f  ma jo r  PHM combat systems 
and t h e i r  q u a l i f i c a t i o n  h i s t o r y  i s  shown i n  
F i g u r e  6. 

The PHM i s  p r o t e c t e d  by a  r a p i d  blooming Of f -  
board  CHAFF (RBOC) system o f  d i spens ing  e l e c t r o -  
magnet ic decoy m a t e r i a l .  Through developments by 
t he  Naval Su r face  Weapons Center ,  White Oak, 
Maryland, a  l aunch ing  system was s u c c e s s f u l l y  
qua1 i f  i e d  aboard USS LAFFEY (DD 724).  
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Ttie CFE e l e c t r o n i c  s,ystems, t h e  OblEGA Radio 
N a v i g a t i o n  S y s t e ~ ~ i  b u i l t  by PIorthrup and t h e  
I n t e r r o g a t i o n  F r i e n d  o r  Foe ( I F F )  sys te~ i l  b u i l t  
hy t h e  Naval E l e c t r o n i c s  Syste~n Test  and Evalua- 
t i o n  I le tachn~ent  has a l r e a d y  been success f u l l y  
c l c l a l i f i e t l  i n  connec t i on  w i t h  o t h e r  v e h i c l e  p ro -  
qraltls. The OMEGA (SRP!-17) i s  an a d a p t a t i o n  o f  
a  s u b ~ ~ ~ a r i n e  sys te~ l l  (5KT'I-17), ant1 t he  A I M S  C1K 
S I i  IFF i s  an a i r b o r n e  system. 

P-3C PCH-1 

FPB (FRG)  U. S. S. TALBOT DEG-4 

The PCGASlJS combat sys tell1 t r i a l s  prograin was 
s t r u c t u r e d  t o  h u i l d  on t h e  above q l r a l i f i c a t i o n  
prograll ls and p rove  syste111 i n t e g r a t i o n  w i t h  t he  
PHt.I p l a t f o r ~ i r .  

V .  Engineering.pnd-~e_r~or~~lance T r i a l s  (P la t f o rn t )  

Docks i de--Te~tn_cl 

Cor~l~nencing w i t h  t he  launch o f  t he  s h i p ,  t he  
p l a t f o r m  t r i a l s  progrant was i n i t i a t e d .  W i th  o n l y  
a  few excep t i ons ,  a1 1  eng inee r i ng  e v a l u a t i o n s  
and c o n t r a c t  s p e c i f i c a t i o n  co~npl  i ance  t e s t s  were 
conducted subsequent t o  t h e  s t a r t  o f  p l a t f o r m  
t r i a l s .  P la t fo r111 t r i a l s  rvere d i v i d e d  i n t o  ( a )  
docks ide t e s t s  and t r i a l s ,  ( b )  underway t e s t s  and 
t r i a l s .  Each o f  t h e  two areas was f u r t h e r  
d i v i d e d  i n t o  eng inee r i ng  t r i a l s  and performance 
t r i a l s  as f o l l o w s :  

Dockside enq inee r i ng  t r i a l s  (400 s e r i e s  t e s t s )  
Dockside p e r f o r ~ ~ i a n c e  t r i a l s  (500 s e r i e s  t e s t s )  

U/W calm wa te r  e n y i n e ~ i - i n g  t r i a l s  (600 s e r i e s  
t e s t s )  
U/W ca1111 wa te r  p e r f o r r ~ ~ a n c e  t r i a l s  (700 s e r i e s  
t e s t s )  
U/W Rough !vater eng inee r i ng  t r i a l s  (800 s e r i e s  
t e s t s )  
U/W rough wa te r  pet-fol-~i!ance t r i a l s  (900 s e r i e s  
t e s t s )  

Eng ineer ing  t e s t s  and t r i a l s  were sys te~l ls 
i n t e g r a t i o n  t e s t s  p e r f o r ~ ~ ~ e d  to :  1 ) assut-e COIII- 

ponent and subsyste~n opet-abi l i t y ;  2 )  pe r fo rm 
f i n a l  syster~i  adjust i l ients,  a1 i g n ~ ~ ~ e n t r  and c a l  i- 
b r a t i o n s ;  and 3)  t o  i n c r e ~ ~ i e n t a l l y  approach 
the  requ- i re~ i ien ts  f o r  c o n t r a c t  s p e c i f i c a t i o n  
pei-for~llance v e r i f i c a t i o n .  Eng ineer ing  t e s t s  
and t i . i a l s  served t o  i nc rease  conf idence and 
expand o p e r a t i n g  reg ions  as w e l l  as p r o v i d e  
feedback t o  t he  systems des igners  t o  v a l i d a t e  
t he  designs and the colllponents se lec ted  t o  
p e r f o r ~ r  t h e  r e q u i r e d  f u n c t i o n s .  Cny ineer ing  
t e s t s  and t r i a l s  were n o t  c o n t r a c t u a l l y  r e q u i r e d  
t e s t s  and were n o t  used t o  denionstrate conipl i - 
ance w i t h  c o n t r a c t  s p e c i f i c a t i o n s .  As de f i ned  
i n  t h e  Test  and E v a l u a t i o n  Progt-an1 P lan,  t h e r e  
were 48 i n d i v i d u a l  eng inee r i nq  t e s t s  and 44 
i n d i v i d u a l  c o n t r a c t  performance t e s t s  to  be 
co~~ ip le tec l  d u r i n g  t h e  l a t t e r  stages o f  consti-uc- 
t i o n  and t h e  dockside p o r t i o n  o f  t e s t i n g .  



Underyay Tests  and T r i a l s -  

The n e x t  and f i n a l  phase o f  sh ipboard  t e s t i n g  
aboard PHM was t h e  underway t e s t s  and t r i a l s .  As 
i n d i c a t e d  above, these t e s t s  and t r i a l s  were 
d i v i d e d  i n t o  s ~ ~ ~ o o t h  wa te r  and rough wa te r  t r i a l s .  
S ~ ~ ~ o o t h  water  c o n d i t i o n s  were g e n e r a l l y  d e f i n e d  
by wave h e i g h t s  l e s s  t han  one -ha l f  n ~ e t e r  and wind 
v e l o c i t y  l e s s  t han  15 kno ts .  The rough water  
envelope was d e f i n e d  by wave h e i g h t ,  wave p e r i o d  
and wind speed. as c o n t r a c t u a l l y  s p e c i f i e d  i n  
t h e  SSR. As w i t h  t h e  docks ide t e s t s ,  t h e  underway 
e n g i n e e r i n g  t r i a l s  were i n tended  t o  a c c o ~ ~ ~ p l i s h :  
1 )  s y s t e ~ ~ t  and equ ipn~en t  checkout,  which cannot 
be acco111p1 i shed i n  t h e  f a c t o r y  o r  docks ide;  
2) cornplete systell l  o r  equiplnent c a l i b r a t i o n s .  
which cannot be c o ~ ~ ~ p l e t e d  docks ide;  and 3) 
inct-e111enta1 l y  approach t h e  r e q u i  r e ~ ~ ~ e n t s  f o r  con- 
t r a c t  s p e c i f i c a t i o n  pe r fo r~nance  v e r i f i c a t i o n .  
The undetway c o n t r a c t  pe r fo rn~ance  v e r i f i c a t i o n  
t r i a l s  were devoted t o  t o t a l  systeln p e r f o r ~ ~ ~ a n c e  
and v e r i f i c a t i o n  o f  t h e  s h i p ' s  a b i l i t y  t o  111eet 
t h e  t o t a l  s h i p  p e r f o r ~ ~ ~ a n c e  r e q u i r e n ~ e n t s .  The 
r o ~ r g h  w a t e r  t r i a l s  were a  I I IUC~ reduced s e r i e s  o f  
t r i a l s  i n tended  t o  v a l i d a t e  o n l y  t h e  t o t a l  s h i p  
pel-fo1-111a11ce i n  des ign sea c o n d i t i o n s .  There 
were 119 i n d i v i d u a l  t e s t s  assoc ia ted  w i t h  t h e  
underway t r i a l s  o f  wh ich  46 were c o n t r a c t u a l  l y  
s p e c i f i e d  perfot-111ance t r i a l s .  

V I .  Cotltbat S y s t e ~ ~ ~  T r i a l s  . -- 

The PHM Contbat S y s t e ~ ~ ~  T r i a l s  P r o g r a ~ ~ ~  was deve l -  
oped by a  c o n t r a c t o r  and Governn~ent p lann ing  
group t o  PI-ovide thorough i n t e g r a t i o n  t e s t i n g  o f  
Co11t1'actor Fu rn i shed  Equi p~nent  w i t h  G o v e r n ~ ~ ~ e n t  
Furn ished Equ ipn~ent  and o v e r a l l  i n t e g r a t i o n  
t e s t s  o f  t h e  Co~t~bat  S y s t e ~ ~ ~  w i t h  t h e  h y d r o f o i l  
platfol-111. I n i t i a l  c o ~ ~ ~ p o n e n t  i n s t a l l a t i o n  " s ~ ~ ~ o k e  
t e s t s "  and a l i gnmen t  was pe r fo r~ued  i n  t h e  Boeing 
f a c t o r y  a t  Renton, Washington, u t i l i z i n g  a  tea111 
o f  c s n t r a c t o r  and Govern~nent f ~ r n i s h e d  personne l .  
Tes t i ng  111oved t o  docks ide a f t e r  t h e  launch ing o f  
PEGASUS i n t o  Lake Washington on 9  Nove~nber 1974. 

Dockside t e s t s  i n v o l v e d  a c t i v a t i o n  o f  a l l  
sys ten~s p r i o r  t o  underway t r i a l s .  P r e l i n ~ i n a r y  
Sun F i r e  Con t ro l  Syste~n, Gyro System, Surface 
Search Radar, and Con~tnunication Syste~ns t e s t s  
were p e r f o r ~ n e d  a t  t h e  Lake Washington f a c i l i t y  
p j - iot-  t o  t h e  t r a n s i t  voyage t o  t h e  Boeing f a c i l i t y  
a t  P i e r  91 on t h e  S e a t t l e  w a t e r f r o n t  i n  Puget 
Sound. The N a v i g a t i o n  and Co~nn~unicat ion  Systems 
were c o n t i n u a l l y  ope ra ted  i n  suppo r t  o f  p l a t f o r m  
eng inee r i ng  and performance t r i a l s  i n  t h e  S e a t t l e  
area d u r i n g  t h e  s p r i n g  1975. 

The f i r s t  ma jo r  Combat System T r i a l  o f  t h e  PHM 
Techn ica l  Eva1 u a t i o n  (TECHEVAL) occu r red  on 26 
June 1975 t o  t e s t  t h e  MK-75 Gun i n  v a r i o u s  f i r i n g  
1110des and a t t i t u d e s  t o  va1idat.e t h o  s t r l l r t l ~ r a l  
i n t e g r i t y  o f  t h e  p l a t f o r m .  (See F i g u r e  7 . )  
Dur ing  these t e s t s ,  combat and p l a t f o r m  systems 
were ~ n o n i t o r e d  and found t o  ope ra te  s a t i s f a c -  
t o r i l y  i n  t h e  shock and b l a s t  environment o f  t h e  
gun. Magazine l oad ing ,  ammunit ion hand l i ng ,  and 
gun mount s a t e t y  procedures were v a l i d a t e d  d u r i n g  
t h e  t r i a l .  

S t a r t i n g  i n  August 1975, t h e  MK-94 GFCS was 
t e s t e d  f o r  t r a c k i n g  performance. These t e s t s ,  

ex tend ing  ove r  e i g h t  voyages, u t i l i z e d  t h e  south  
Whidbey I s l a n d  area and a i r  squadrons o p e r a t i n g  
o u t  o f  t h e  Naval A i r  S t a t i o n ,  Whidbey I s l a n d .  
The Naval Sh ip  Weapon S y s t e ~ r ~  Eng ineer ing  S t a t i o n  
(NSWSES), P o r t  Huenelr~e, C a l i f o r n i a ,  p rov ided  the! 
t e s t  d i r e c t i o n  and i n s t r u ~ ~ ~ e n t a t i o n  f o r  t h e  C ~ I I I ~ C I  I. 
S y s t e ~ ~ ~  T r i a l s .  The Opera t i ona l  Tes t  and LLva111il- 
t i o n  Force (OPTEVFOR) p rov ided  o p e r a t i o n s  
and t a r g e t  s e r v i c e  c o o r d i n a t i o n  suppo r t .  I )ur i r t ( j  
t h e  S e a t t l e  phase o f  t r i a l s ,  i n i t i a l  dehuc]ejincj 
p rob l  e111s were d iscovered and c o r r e c t e d .  T t~c~~;c~ 
i n c l u d e d  l oose  p r i n t e d  c i r c u i t  cards ,  i ~ t~ l ) ro l~c , r  
procedures,  and e l e c t r o n ~ a g n e t i c  interference* 
(EMI).  By t h i s  t ime,  t h e  s y s t e ~ t ~  was f u l l y  111<1rlrte>f1 
by t h e  p r o s p e c t i v e  crew o f  t h e  PEGASUS, thus  
s e r v i n g  a l s o  t o  f u l f  i 11 necessary hands-on tr,l ir l- 
i ng and dep loy~nent  read iness r e q u i  ren~ents .  

The Harpoon p r o t o t y p e  ~ ~ ~ i s s i l e s  i n  c a n n i s t e r s  
were loaded on 29 S e p t e ~ ~ ~ b e r  1975, a t  t h e  Naval 
Weapon Center,  Bangor, Washington, f o r  t h e  
t r a n s i t  t o  Southern C a l i f o r n i a  o p e r a t i n g  areas.  
On 30 S e p t e ~ ~ ~ b e r  1975, PEGASUS l e f t  t h e  S e a t t l e  
area f o r  a  r i g o r o u s  C o ~ ~ ~ b a t  S y s t e ~ t ~  T r i a l s  proqrall l  
i n  p r e p a r a t i o n  f o r  t h e  PHM Opera t i ona l  Eva lua t i on  
(OPEVAL) . The Southern Cal i f o r n i a  t r i a l s  
i n v o l v e d  F l e e t  Opera t i ona l  Accuracy Check S i t e  
(FORACS) t e s t s  o f f  San Clen~ente I s l a n d .  On 28 
October 1975, for111a1 MK-94 GFCS t r a c k i n g  pe r -  
fo r~nance t r i a l s  were resu~ned u t i l i z i n g  t h e  
P a c i f i c  M i s s i l e  Tes t  Center ranges o f f  P t .  Mugu 
and t h e  con t i nued  suppor t  by NSWSES and OPTEVFOR. 
A  c a n n i s t e r  Harpoon B l a s t  Tes t  V e h i c l e  (BTV) was 
s u c c e s s f u l l y  f i r e d  on 29 October 1975, v a l i d a t i n g  
t h e  s t r u c t u r a l ,  b l a s t ,  s ~ ~ ~ o k e ,  and t e ~ ~ ~ p e r a t u r e  
c o ~ ~ ~ p a t i  b i  1  i t y  o f  t h e  Harpoon ~ ~ ~ i s s i  l e  syste111 and 
t h e  PHM p la t f o rn t .  H igh tempo combat ope ra t i ons  
were conducted through the  w i n t e r  1110nths t o  prove 
t h e  t r a c k i n g  and f i r i n g  per forn~ance a g a i n s t  towed 
and drone a i r  t a r g e t s  and drone su r face  t a r g e t s .  
I n  t h i s  p e r i o d ,  t he  RBOC was launched s u c c e s s f u l l y  
a g a i n s t  t a r g e t s  s i ~ ~ ~ u l a t i n g  t h r e a t s .  

D e v e l o p ~ ~ ~ e n t  p r o b l  en15 w i t h  t h e  Co~nbat System 
were i d e n t i f i e d ,  c o r r e c t i v e  a c t i o n  taken, and 
system r e t e s t  perfornted t o  v e r i f y  system read iness 
f o r  t h e  PHM OPEVAL. One problem area under e s t i -  
~na ted  i n  t r i a l  p l ann ing  was t h e  schedule t ime  
r e q u i r e d  t o  work s o l u t i o n s  t o  EMI. The PHM, be- 
cause o f  i t s  s111all s i z e  and r e s u l t i n g  h igh  d e n s i t y  
co~nbat systell l  i n s t a l  l a t i o n ,  i n t roduced  EM1 i n t o  
va r i ous  systenls i n  u n p r e d i c t a b l e  ways. Ded ica ted 
t r i a l  t i m e  was r e q u i r e d  t o  accompl ish EM1 i d e n t i f i -  
c a t i o n  and r e s o l u t i o n .  The Naval E l e c t r o n i c  
Labo ra to ry  Center  (NELc), San Diego, p rov ided  
lneasurenlent data  t o  a i d  i n  t h e  s o l u t i o n  t o  many 
o f  t h e  EM1 problems. Over t h e  p e r i o d  o f  May 
through December 1975, a  v a r i e t y  o f  c o r r e c t i v e  
des ign f e a t u r e s  was developed, b r i n g i n g  t h e  s h i p  
t o  s a t i s f a c t o r y  read iness f o r  t h e  OPEVAL. 

A  second problem d i scove red  d u r i n g  t h e  a t - sea  
t e s t s  was t h e  o p e r a t i o n a l  l i m i t a t i o n  on e f f e c t i v e  
area o f  s u r f a c e  t a r g e t  g u n f i r e  caused by t h e  
p o i n t i n g  and f i r i n g  c u t - o u t  cams. Data, a n a l y s i s ,  
and new cams were developed by NSWD, Dahlgren, 
V i r g i n i a ,  t o  upgrade the  e f f e c t i v e  area f o r  t h e  
OPEVAL. D i f f i c u l t i e s  a l s o  occu r red  w i t h  t h e  
i n t e g r a t i o n  o f  t h e  E l e c t r o n i c  Support  Measure 
(ESM) system i n t o  t h e  smooth o p e r a t i o n  o f  t h e  
Combat I n f o r m a t i o n  Center  (CIC) . NELC p rov ided  
performance measurements and t a r g e t  s i m u l a t i o n  
t e s t s  w i t h  t h e i r  Environmental  Sy thes i ze r  (ENSYN) 



c[ l~ r ip inent .  DeF ic ienc ies  w i t h  t h e  PEGASUS ESM 
c~ lu ipmen t  and new f u n c t i o n a l  r equ i re~nen ts  were 
t levploped as a  r e s u l t  o f  t hese  t r i a l s  and may 
r c s u l  t i n  a  change t o  ESI.1 equipment i n s t a l  l e d  
i n  the  PHM f o l l o w - o n . s h i p s .  

The above t h r e e  p rob le r~ i  areas a r e  typ.ica1 of  
the  n a t u r e  o f  conibat s y s t e ~ i i  i n t e g r a t i o n  d i f f i c u l -  
L i es  and se rve  t o  err~phasize t h e  impor tance o f  
, I  t -sea t e s t i n g  w i t h  s u f f i c i e n t  i n s t r u m e n t a t i o n ,  
11nqi n e e r i  ng suppo r t ,  and schedule t ime  t c  t h o r -  
tlrrqhly ~lndet 'stand and r e s o l v e  a l l  such problems. 

The co111bat systeni t r i a l s  were conducted ove r  
II span o f  seven ~rronths.  Fot-ty-one t r i a l  days 
I hr.o(ryh t h e  end o f  TECIIE\!AL i n v o l v e d  696 rotincis 
, ) f  76111111 a~~ i r i ~un i  t i o n  expended, 1  Harpoon BTV f i r e d ,  
< ~ n d  37 rounds o f  RBOC expended. The MK-94 GrCS 
i ~ l e t  01- exceeded i t s  performance c r i t e r i a  i n  t h e  
t rack -wh i l e - scan  s u r f a c e  t r a c k i n g   node and i n  
!.tie a i l '  t r a c k i n g  illode. Siri iultaneous a i r  and 
' i ~ t ' f a c ~  t r a c k s  \were t e s t e d  and systerli r e a c t i o n  
t.irnes v a l i t l a t ~ d .  The h v d r o f o i l  systeiirs p e r ~ i ~ i t t e d  
c ~ ~ l n o r h  r l j e t . ? t i o ~ ~  n t  h i ~ h  speed and t-ough krater; 

and, t he reby ,  p e r m i t t e d  ve ry  s t a b l e  GFCS opera- 
t , ion .  

The MK-75 gun denlonstrated su r face  and a i r  
shoo t i ng  accuracy w i t h i n  t h e  r e q u i r e d  c r i t e r i a .  
Accura te  r a p i d  f i r e  b u r s t s  o f  76111111 arn~nuni t i o n  
proved the  p o t e n t  f i r e  power o f  t he  PEGASUS. 
High speed f o i l b o r n e  o p e r a t i o n  ani> f o i l s  extended 
h u l l b o r n e  o p e r a t i o n  p rov ided  da ta  t o  e s t a b l i s h  
e x c e l l e n t  i n t e r f a c e  c o m p a t i b i l i t y  and i n t e g r a t i o n  
between t h e  p l a t f o r m  and t h e  qun. A l l  suppo r t i ng  
s h i p  systelns r ~ i t h s t o o d  the  shock and b l a s t  o f  t h e  
gun w i t h o u t  breakdowti. 

The Harpoon BTV launch w h i l e  f o i l b o r n e  a t  over  
40 knots  ( f i g u r e  8) proved t h e  success fu l  s h i p  
i n t e g r a t i o n  of  the  sh ipboard  c a n n i s t e r  launch sys- 
terii and e s t a b l i s h e d  t,he ~ ~ i a r r i a g e  o f  the  power fu l  
harpoon t a c t i c a l  c r u i s e  n ~ i s s i l e  2nd the  h i g h  speed, 
h i g h  sea s t a t e ,  PHM h y d r o f o i l  sys te~ l i .  

C I C  opera t i ons  exe rc i sed  tarclet  a c r l u i s i t i o n ,  
assigr i r l~ent and engaqerlient. f \ r n r : t . i on~  t o  prove the 
nlan/riiachine i n t e g r a t i o n  and to \!a1 i r l a te  t h e  

- - 
J'. . - 



reduced ~nann ing concept .  N a v i g a t i o n ,  c o l  1  i s i o n  
avoidance and C I C  t o  p i l o t  house i n f o r l l l a t i o n  
f~ir ict ion. ;  were e x e r c i s e d  d u r i n g  90 voyages, i n -  
c l  ~ i d i n r j  I 5  o v e r n i g h t  voyages, t h e  1220 n.111. t r a n -  
s i t  froiir S e a t t l e  t o  San n i e g o  and low v i s i b i l i t y  
op f%ra t i ons .  C I C  t r i a l s  have demonstrated t h e  
i n t e g r a t i o n  o f  t h e  corllponents and have h i g h l i g h t e d  
t h ~  need f o r  f a s t e r  r e a c t i o n  t imes t o  suppo r t  
f o i  1  bo,-ne n a v i g a t i o n  i n  r e s t r i c t e d  ot- c o n g e s t ~ d  
waters .  

Thc coi:lbat systell ls t r i a l s  p layed  a  ~ i l a j o r  r o l e  
i n  e s t a b l i 5 h i n g  read iness f o r  t he  OPfVAL by a l s o  
5 e r v i n q  as t he  inieans by which t h e  PEGASUS crew 
beca~ i~e  f u l l y  t r a i n e d  and i n t e g r a t e d  i n t o  a  q u a l i -  
f i e d  c o ~ ~ l h a t  teai~:. The coiilhat systenl o f  t h e  
I'tGASLIS has rilet t h e  o b j e c t i v e s  o f  t h e  U.S .  Navy 
l'llP.1 c h a ) - a c t e r i s t i c s  anti p rov ided  t h e  NATO pa r tne rs  
i n  t he  0IiF.I p rog ra~ i i  assurance t h a t  t h e i r  weapori 
sys te~ i is  can a l s o  he i n t e g r a t e d  s u c c e s s f u l l y  i n t o  
t h e i r  r e s p e c t i v e  v a r i a n t  des igns.  

V L I  . _ - I ? e l i a b i l j t y ~  and Maj_?_ta inab i l j_ ty  

/.Id i n tenancx  >Sp? rt. 

,1 d c c i s i o n  was nlade a t  t h e  o u t s e t  o f  the  PHM 
~ ) r o i j ~ . d i ~ !  t o  adopt a  r a d i c a l l y  new s h i p  rliainterlance 
i :oncept.  txpet-ienc:c! on e a r l i e r  I,!avy h ,ydro fo i  1 s 

had e s t a b l i s h e d  t h a t  illore e f f e c t i v e  ~ i t i l i z a t i o n  
o f  t r a i n i n g ,  manpower, and sh ipboard  space and 
we igh t  i s  p o s s i b l e  w i t h  separa te  groups o f  o p e r r t -  
i n g  and maintenance personne l .  s i ~ i l i l a t -  t o  t h e  con- 
cep t  used i n  a i r c r a f t  o p e r a t i o n  and ~na in tenance.  
Th i s  d e c i s i o n  co inc ide t l  c l o s e l y  wi t h  o t h e r  n e a r l y  
s i ~ ~ i u l t a n e o u s  Navy p o l  i c y  d e c i s  i o r s  t o  ~ i n d c r t a k s  
1  i l u i  t e d  manning and l o -m ix  s h i p  i i ia intenance con- 
cepts  which r i i i n i~ i i i ze  t h e  nuriiber o f  s h i p  o p e r a t i n g  
personne l  and t r a n s f e r  a  l a r y e r  p o r t i o n  o f  lo -mix  
s h i p  maintenance r e s p o n s i b i l i t i e s  t o  ded ica ted 
a f l o a t  o r  ashore f l e e t  l l iaintenance groups. 

Maintenance dec i s i ons  a p p l i e d  t o  PHM i n v o l v e d  
a  l i ia jor  s h i f t  o f  i i iaintenarlce respons ih i  1 i t i e s  
fro111 t h e  o r g a n i z a t i o n a l  ( s h i p ' s  crel:~) t o  i n t e r -  
i l lediate ( suppo r t  g roup)  l e v e l .  i l u r i n q  t h e  des ign,  
emphasis was p laced  upon ~nodule/co~ilponc:nt r ep lace -  
lilent a t  b o t h  o r g a n i z a t i o n a l  and in ter r r ied ia te  
l e v e l s .  Clajor n~a in tenance and/or  repair o f  r e p a i r -  
a b l e  equipit lent i s  t o  he a t  e i t h e r  the  i n t e r ~ : ~ e t l i a t t  
o r  depot l e v e l ,  w i t h  a  poo l  o f  ro ta t .ab le  spat-ps 
p rov ided  t o  suppoi"t i111111ediate on-bod)-d i-c?placriiirnt 
o f  f a i l e d  p a r t s .  

A 23-man I n t e r i i l ~  (Lcad S h i p )  ? , lob i le  Support  
Group (IblSC) was e s t a h l i s h ~ d  1.0 suppor t  PHM-1 and 
P11M-2. Pending a r ~ t h o r i  z a t i o n  o i  t h e  f o l  low-on 
p r o d u c t i o n  prograr!l 2nd convers ion o f  t he  f i n t  Pl.ll-t 



squadron mother  s h i p ,  i t  was dec ided t o  house t h e  
IMSG i n  a  group o f  m o b i l e  c o n t a i n e r  vans, hav ing  
t h e  r e q u i r e d  a d m i n i s t r a t i v e ,  stowage, maintenance 
and housekeeping f a c i l i t i e s .  

Du r i ng  t h e  s p r i n g  o f  1975, d u r i n g  e a r l y  s h i o  
t e s t i n g  and problem r e s o l u t i o n ,  t h e  IMSG dccom- 
p l i q h e d  i t s  o r g a n i z a t i o n  and o u t f i t t i n g  o f  vans. 
I n  June 1975, f o l l o w i n g  a p p r o p r i a t e  agreements by 
c o n t r a c t o r  l a b o r  o r g a n i z a t i o n s ,  t h e  IMSG assumed 
p r e v e n t a t i v e  maintenance r e s p o n s i b i l i t y  f o r  a l l  
o p e r a t i n g  s h i p  equipments.  I n  September 1975, 
s h o r t l y  p r i o r  t o  deployment t o  Southern C a l i f o r n i a ,  
t h e  IMSG assumed s h i p  " t u rn -a round"  c o r r e c t i v e  
maintenance under a  mode o f  crew t r a i n i n g  ar ranged 
w i t h  t h e  c o n t r a c t o r .  A t  t h e  t ime  o f  deployment, 
t h e  Navy crew was cons idered t o  be n e a r l y  f u l l y  
capab le  o f  any o r g a n i z a t i o n a l  and i n t e r m e d i a t e  
l e v e l  maintenance n o t  r e q u i r i n g  s p e c i a l  i n d u s t r i a l  
f a c i l i t y  o r  eng inee r i ng  suppo r t .  

F o l l o w i n g  deployment t o  Southern C a l i f o r n i a  
f o r  combat systems t r i a l s ,  t he  IMSG and s h i p ' s  
crew assumed a l l  r e s p o n s i b i l i t y  f o r  maintenance of  
t h e  s h i p .  P r o v i s i o n s  were made f o r  on-scene depot 
l e v e l  supp l y  suppo r t  by t h e  c o n t r a c t o r  and u t i l i -  
t i e s  and crane s e r v i c e s  by t h e  p o r t  f a c i l i t y  (San 
Diego f o r  f i r s t  10 days, P o r t  Huenenie t h e r e a f t e r ) .  
P r o v i s i o n  was a l s o  made f o r  s p e c i a l  " Q u i c k  React ion  
Team" suppo r t  by c o n t r a c t o r  personne l  shou ld  a  

t e c h n i c a l  problem a r i s e  where IMSG t e c h n i c a l  r e -  
sources o r  c a p a b i l i t i e s  were f e l t  t o  be inadequate 
Subsequent ly,  d u r i n g  t h e  Opera t i ona l  E v a l u a t i o n  
( n o t  r e p o r t e d  upon i n  t h i s  pape r ) ,  a l l  c o n t r a c t o r  
maintenance suppo r t  was p r o h i b i t e d  except  f o r  de- 
p o t  l e v e l  supp l y  f u n c t i o n s  which cor respond t o  
those o f  a  normal f l e e t  a c t i v i t y .  

R e l i a b i l i t y  and M a i n t a i n a b i l i t y  f i n d i n g s  were 
taken d u r i n g  t h e  above desc r i bed  e v o l v i n g  develop- 
ment, commencing f rom t h e  t ime  o f  f i r s t  s h i p  under- 
way o p e r a t i o n s  i n  February 1975, th rough comple- 
t i o n  o f  TECHEVAL i n  May 1976. The f i n d i n g s  a r e  
d iscussed i n  t h e i r  two ma jo r  ca tego r i es :  a )  ma jo r  
r e l i a b i l i t y  problem areas,  and b )  o v e r a l l  s h i p  
r e l i a b i l i t y  and a v a i l a b i l i t y  and c o n t r a c t  incen-  
t i v e  s c o r i n g .  

Pr imary  Systems Problems Reso lu t i on  

Main P r o p u l s i o n  System (Pump and Gearbox) 

The f o i l b o r n e  p r o p u l s o r  o f  t h e  PHM i l l u s t r a t e d  i n  
F i g u r e  9 ,  i s  composed o f  a  two-stage w a t e r j e t  pump 
and gearbox. The gearbox d i v i d e s  the  i n p u t  power 
i n t o  a low speed a x i a l  f l o w  i nduce r  s tage and a  
h igh  speed mixed f l o w  i n l p c l l e r  s tage  through con- 
c e n t r i c  o u t p u t  s h a f t s .  The pump " p u l l s "  a  s u c t i o n  
on t h e  water  i n l e t s  a t  t h e  a f t  s t r u t  and f o i l  pods 
a t  low speeds and opera tes  a t  p o s i t i v e  i n l e t  p res-  

HULLBORNE PROPULSOR 
SSPU NO. 2 
FOILBORNE PROPULSOR 
FOILBORNE GEARBOX 
SSPU NO. 1 
FOIBLRONE GAS TURBINE ENGINE 
FOILBORNE PROPULSION WATERJET INLET 
HULLBORNE DIESEL ENGINE 
HULLBORNE PROPULSION INLET 
HULLBORNE WATERJET NOZZLE 
FOILBORNE WATERJET NOZZLE 

Figure 9. PHM Propulsion System Arrangements 
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sure  a t  h i g h  speeds. The pu111p r'ecrivcs norni t ia l ly  
16,200 MtIP and d e l  i v e r s  21,000 KTUT t h r u s t .  

I n i t i a l  problelirs w i t h  t he  pulrip i nc luded :  
F a i l u r e  o f  t h e  i ~ i ~ p e l l e r  s tage l a b y r i n t h  s e a l ,  
i n g e s t i o n  o f  i n l e t  i s o l a t i o n  be l l ows  s t i f f e n e r ,  
f a i l u r e  o f  t h e  s h i p ' s  wa te r  duc t  s t i f f e n e r ,  im- 
p rope r  p re load  o f  t h e  bea r i ng  pack, and marg ina l  
o i l  supp ly  t o  bea r i ng  races. These proh le~t ls  were 
c o r r e c t e d  by minor  l n o d i f i c a t i o n s  t o  des ign and 
procedures.  

The major  problem w i t h  t h e  pump began t o  
show on Voyage 18, f o l l o w i n g  36 hours ' accum~rlated 
f o i  l b o r n e  t ime .  The c a s t  a lu~ i i i nu~ l i  ind11c.er stage 
housing developed an 18- inch a x i a l  crack and ar, 18- 
i n c h  c i r c u m f e r e n t i a l  c rack .  The pulnp had heen 
manufactured w i t h  aluniinum housings and s t a t o r  
sec t i ons  and 17 4PH s t a i n l e s s  s t e e l  r o t a t i n g  s h a f t s  
and i m p e l l e r s .  The s a l t  b!ater cor ros ion,  f a t i g u e ,  
h y d r a u l i c  environment proved too  harsh f o r  t h e  
i nduce r  and impel l e r  housings. A tel l tporary 
" f i x "  o f  a  wrought aluri i inu~n i nduce r  housing 
was i n s t a l l e d  i n  o r d e r  t o  s u s t a i n  cont inued 
Puget Sound t e s t  program ope ra t i ons  u n t i l  
t i t a n i u m  u n i t s  c o u l d  be r i~anufac tured.  The fo rged 
t i t a n i u m  induce r  and i lnpe l le t -  housings i n s t a l l e d  
i n  August 1975, p rov ided  t h e  des i red  f a t i g u e  
s t r e n g t h  and r e s i s t a n c e  t o  c a v i t a t i o n  erns ior i  

a n d  gave satis factor-y i e r v i c e  ( lu r ing  t h e  TECtIEVAL. 

The . i n l e t  Y-duct. was ri lanufactured by we ld ing 
pre-formed alurllinunl p ieces.  Cracks i n  t h e  Y-duct 
developed a f t e r  66 accumulated f o i l b o r n e  hours 
b u t  were s l i la l l  enough t o  be f i e l d  we ld  r e p a i r e d  
and n o t .  i n t e r r u p t  t h r  t e s t  prorjra:l!. S i n ~ i  l a r  
cracks occur red a t  h i g h l y  s t ressed  j u n c t i o n s  
i n  t h e  Y-duct and i n  s h i p  f i e l d  l l i o d i f i c a t i o n s  
t o  t h e  j u n c t i o n ,  and ne lds  were s u f f i c i e n t  t o  
keep t h e  pur~rp suppn r t i nq  the c o n t i n u i n g  t e s t  
program. 

D e t a i l e d  fati!,ue a n a l y s i s  as a  r e s u l t  o f  
t he  Y-duct f a - i i u r e s  dnd s t . ra in  gage Iileasure- 
n~ents  showed t h a t  t h e  alurrlinurli Y-duct would 
have a  1  i r i ~ i  t e d  1  i f e  t h a t  l i i igh t  u l  t i ~ n a t e l y  jeop-  
a r d i z e  t he  t e s t  prograln. A t  t h e  sallle t ime, 
another  s e r i e s  o f  s l i ~ a l l  c racks  was d iscovered 
a f t e r  260 accur l~ulated f o i  1  borne hourc.  The 
Y-duct was r e l ~ ~ o v e d  (shown i n  Fi ! jure l o ) ,  and 
t h e  i n s p e c t i o n  con f i r n~ed  t h e  e a l - l i e r  f a t i g u e  
p r e d i c t i o n s  o f  low l i f ~ .  Inspec t i on  a l s o  showed 
abnormal c o r r o s i o n  and agqrevated c a v i t a t i o n  
e ros ion  below the  s t a t i c  w a t e r l i n e  a t  t h e  e x i t  o f  
t he  Y-duct.  The o n l y  r e a d i l y  a v a i l a b l e  a l t e r n a t i v e  
was t o  use t i le  .PHb1-2 aluminuni Y-duct, bu t  t o  en- 
hance i t s  su r face  t reatment  and ga l van i c  i s o l a -  
t i o n  i n  o r d r r  t o  increase i t s  expected l i f e .  The 

Figure 10. Removal of PHM-I Main Propulsion Y-Duct 
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s u r f a c e  t rea tmen t  i n v o l v e d :  a )  s h o t  peening, b )  
e t c h i n g  t h e  s h o t  res idue ,  c )  z i n c  f lame sp ray ing ,  
and d) c o a t i n g  w i t h  an epoxy system. The a t t a c h -  
ment e l e c t r i c a l  i s o l a t i o n  washers and s leeves o f  
m y l a r  tape were rep laced  by a  f i b e r g l a s s  r e i n f o r c e d  
m a t e r i a l  t o  p reven t  breakdown due t o  t he  m a t e r i a l  
e x t r u d i n g  w i t h  t ime  under load.  T h i s  Y-duct served 
s a t i s f a c t o r i l y  t o  suppo r t  s h i p  ope ra t i ons  th rough 
con ip le t ion  o f  OPEVAL i n  June 1976. However, n i c k e l  
a l l o y s ,  s t a i n l e s s  s t e e l s ,  and t i t a n i u m  a r e  cand i -  
da te  m a t e r i a l s  f o r  t h e  p r o d u c t i o n  PHM Y-ducts t o  
p r o v i d e  an improved c a p a c i t y  t o  w i t h s t a n d  t h e  
harsh hydrodynamic and s t r e s s  environment and 
assure  t h a t  p r o d u c t i o n  pumps w i l l  have adequate 
l i f e .  

A f t e r  185 accumulated f o i l b o r n e  hours,  t h e  o r i -  
g i  n a l  (Mod 0 )  p r o p u l s o r  gearbox developed excess ive  
v i b r a t i o n s  t h a t  abo r ted  a  t r i a l  m iss ion .  The u n i t  
was removed by s h i p ' s  f n r ce  a t  P o r t  Hueneme and 
PHM-2's i d e n t i c a l  (Mod 0 )  gearbox was i n s t a l l e d  
t o  suppo r t  t e s t i n g .  I n s p e c t i o n  o f  t h e  f a i l e d  gear-  
box revea led  excess i ve  f r e t t i n g  between t h e  s p l i n e s  
o f  s h a f t s  and gears ,  t o  an e x t e n t  t h a t  t hey  no 
l o n g e r  f u l l y  suppor ted t h e i r  p i n i o n  gear .  I n  add i -  
t i o n ,  t h e  h i g h  bending l o a d  caused a  f a t i q u e  c rack  
i n  t h e  h i q h  speed p i n i o n  s h a f t  r e s u l t i n g  i n  t he  
observed v i b r a t i o n .  A  Mod 1  des ign  was developed 
t o  p r o v i d e  b e t t e r  p i l o t i n g  o f  t h e  p i n i o n s  on t h e i r  
s p l i n e s  and a  t i g h t e r  i n t e r f e r e n c e  f i t  t o  p reven t  
f r e t t i n g .  

The replacement Mod 1  gearbox had r u n  o n l y  15 
hours f o i l b o r n e ,  when a  r o u t i n e  i n s p e c t i o n  showed 
two low speed p i n i o n  t e e t h  had broken o f f .  The 
PEGASUS was l a y e d  up f o r  app rox ima te l y  t h r e e  months 
a w a i t i n g  f a i l u r e  a n a l y s i s  redes ign  and t h e  modi- 
f i c a t i o n  and ~ n a n u f a c t u r i n g  o f  replacement p a r t s .  
D e t a i l e d  f a i l u r e  a n a l y s i s  by a  team o f  gear expe r t s  
f rom Boeing Mar ine Systems. Boeing V e r t o l  , A e r o j e t  
L i q u i d  Rockets, S i e r  Bath W ~ s t e r n  Gear, Naval 
Sh ip  Eng inee r i ng  Center ,  H y a t t s v i l l e ,  and P h i l a -  
de lph ia ,  d i scove red  t h r e e  ma jo r  problem areas.  
The Mod 0  gearbox p robab l y  f a i l e d  f o r  t h e  same 
fundamental  problems as t h e  Mod 1  hox, b u t  t hey  
were masked by t h e  f r e t t i n g  o f  t h e  loose s p l i n e  
f i t .  The l e a d  ang les  o f  many gear  t e e t h  i n  
t h e  Mod 1  gearbox were found t o  be o u t  o f  t o l e r -  
ance when mounted on t h e i r  s h a f t  s p l i n e s .  The 
g e a r s h a f t  a l i gnmen t  was o u t  o f  t o l e r a n c e  because 
o f  gearbox bea r i ng  bore  misa l ignment ,  bea r i ng  
c a r r i e r  d i s t o r t i o n ,  and bea r i ng  c o n c e n t r i c i t y  t o l -  
erance. An a n a l y s i s  showed t h a t  t h e  v e c t o r  sum 
o f  gear mesh f o r c e s  on t h e  b u i l t - u p  b o l t e d  b u l l  
r i n g  gears caused s u f f i c i e n t  d e f l e c t i o n  t o  abnor-  
m a l l y  l o a d  t h e  gear  mesh a t  t h e  apex, t h e  s i t e  
o f  c rack  i n i t i a t i o n  of t h e  f a i l e d  t e e t h .  Because 
o f  l i m i t e d  t ime ,  i t  was n o t  p o s s i b l e  t o  comp le te l y  
redes ign  and b u i l d  a  p r o d u c t i o n  model gearbox t o  
con t i nue  t h s  l e a d  s h i p  t r i a l s  program. Hence, i n  
t h e  ensu ing m o d i f i c a t i o n ,  such f e a t u r e s  as t h e  
s p l i n e d  p i n i o n  and b o l t e d  b u l l  gear  remained as 
l o n g  te rm r i s k s .  However, t h e  Mod 2  gearbox d i d  
have a  number o f  des ign  improvements. M i s a l i g n -  
ments and to le rances  were c o r r e c t e d .  The b u l l  
gear  r i n g s  were r e o r i e n t e d  so t h a t  t h e  gear loads 
opposed each o t h e r  and thus reduced d e f l e c t i o n ,  
and the  low speed p i n i o n  r e t a i n i n g  n u t  was modi- 
f i e d  t o  p r o v i d e  a  th rough b o l t  t o  r e s i s t  t he  sepa- 
r a t i n g  loads on t h e  p i n i o n  h e l i c e s .  

Mercedes d i e s e l  engines coup led through r e d u c t i o n  
gears and Zurn f l e x i b l e  coup l i ngs  t o  A e r o j e t  
w a t e r j e t  p ropu l so rs .  (See F igu re  9) Dur ing  the  
f i r s t  y e a r  o f  s h i p  ope ra t i ons ,  t h e r e  were seve ra l  
f a i l u r e s  i n  t h i s  system. A f t e r  approx imate ly  50 
hours o f  ope ra t i on ,  t h e  s t a r b o a r d  c l u t c h  f a i l e d  
due t o  shea r i ng  o f  t h e  pressure  p l a t e  b o l t s .  The 
b o l t  f a i l u r e  was i d e n t i f i e d  as a  f a t i g u e  problem. 
B o l t s  were rep laced  by l a r g e r  s i z e  and t h e  c l u t c h  
pressure  p l a t e  was m o d i f i e d .  No f u r t h e r  c a s u a l t i e s  
i n  t h e  c l u t c h  area have been exper ienced d u r i n g  an 
a d d i t i o n a l  1350 hours o f  ope ra t i on .  

A f t e r  389 hours o f  ope ra t i on ,  t h e  J u r i d  f l e x i b l e  
c o u p l i n g  con ta ined  w i t h i n  t h e  s t a r b o a r d  t ransmis-  
s i o n  and t h e  p r o p u l s o r  and t h e  bea r i ngs  i n  t h e  
t ransm iss ion .  A f t e r  537 o p e r a t i n g  hours ,  an iden-  
t i c a l  c a s u a l t y  occu r red  on t h e  p o r t  h u l l b o r n e  
u n i t .  New o r  m o d i f i e d  des ign J u r i d  coup l i ngs  were 
n o t  a v a i l a b l e  t o  c o r r e c t  t h e  d e f i c i e n c y  i n  t h i s  
area, so t h e  t ransm iss ions  were r e b u i l t  us ing  new 
J u r i d  coup l i ngs  o f  t h e  o r i g i n a l  des ign.  A f t e r  288 
hours on t h e  p o r t  u n i t  and 337 hours on t h e  s t a r -  
board  u n i t ,  t h e  J u r i d  coup l i ngs  aga in  f a i l e d .  
A l t e r n a t i v e  o l d e r  type J u r i d  coup l i ngs  w i t h  ap- 
p r o x i m a t e l y  15 y e a r s '  s e r v i c e  i n  o t h e r  a p p l i c a t i o n s  
were a v a i l a b l e  and i n s t a l l e d .  As o f  t h i s  w r i t i n g ,  
t h e  replacement J u r i d  coup l i ngs  appear comp le te l y  
success fu l .  A d d i t i o n a l l y ,  t h e  Zurn f l e x i b l e  coup- 
l i n g s  a r e  be ing  m o d i f i e d  t o  a l l o w  l a r g e r  i n t e r n a l  
c learances and w i l l  be eva luated when a v a i l a b l e .  

Sh ip  Se rv i ce  Power U n i t s  

PHM has been o u t f i t t e d  w i t h  two i d e n t i c a l  Sh ip  
Se rv i ce  Power U n i t s  (SSPU's) . Each SSPU c o n s i s t s  
o f  a  G a r r e t  A i resea rch  ME 831-800 Gas t u r b i n e  
pr ime mover w i t h  an accompanying gearbox and t u r -  
b i n e  accesso r i es .  The d r i v e n  equipment c o n s i s t s  
o f :  1 )  a  Westinghouse 400 Hz. 250 KVA genera tor ;  
2)  two ABEX h y d r a u l i c  pump5; and 3 )  an A i resea rch  
Load Compressor which p rov ides  s t a r t i n g  a i r  f o r  
t h e  f o i l b o r n e  t u r b i n e .  To date ,  t h e  PHM has n o t  
exper ienced an i n - s h i p  f a i l u r e  o f  t h e  gas t u r b i n e  
pr ime mover. There has been one f a i l u r e  o f  a  
gearbox, which was caused by ? l ube  o i l  spray 
nozz le  v i b r a t i n g  loose,  wh i ch , i n  t u r n ,  caused a  
change i n  t h e  spray p a t t e r n  and subsequent 
gear f a i l u r e .  

The s h i p  has exper ienced seve ra l  f a i l u r e s  o f  
t h e  SSPU d r i v e n  equipment. These f a i l u r e s  may be 
summari zed as f o l l o w s :  

a. LM-2500 A i r  S t a r t  Load Compressors: Each 
SSPU exper ienced a  f a i l u r e  o f  t h e  l o a d  compressor 
d u r i n g  t h e  s t a r t i n g  c y c l e  o f  t h e  LM-2500. The 
problem was t r a c e d  t o  f a i l u r e  o f  t he  aluminum 
to rque  c o n v e r t e r  w i t h i n  t h e  l o a d  compressor. 
The to rque  c o n v e r t e r  was changed t o  s t e e l  p a r t s ,  
and t h e  problem has n o t  recu r red .  

b.  Generator  Con t ro l  U n i t :  E a r l y  i n  t h e  dock- 
s i d e  and underway t e s t i n g  o f  t h e  sh ip ,  seve ra l  
f a i l u r e s  o f  t h e  gene ra to r  c o n t r o l  u n i t s  were ex- 
per ienced.  C o r r e c t i o n  r e q u i r e d  des ign m o d i f i c a -  
t i o n s  i n  t h e  c o n t r o l  c i r c u i t r y  and was accomp- 
l i s h e d  by t h e  s u p p l i e r s .  The s h i p  has exper ienced 
o n l y  one subsequent f a i l u r e  which was t r a c e d  t o  an 
e l e c t r o n i c  component f a i l u r e  w i t h i n  t h e  u n i t .  

H u l l b o r n e  P r o p u l s i o n  System c .  SSPU S t a r t e r s :  Du r i ng  t h e  f i r s t  s i x  months 
o f  underway t e s t i n g  o f  PHM, s i x  f a i l u r e s  o f  t h e  

Pr imary  h u l l b o r n e  p r o p u l s i o n  i s  p rov ided  by two SSPU s t a r t e r s  were exper ienced.  The problem was 



e v e n t u a l l y  t r a c e d  t o  a  h i g h  i n r u s h  c u r r e n t  t o  t h e  
s t a r t e r s  d u r i n g  t h e  s t a r t  c y c l e .  M o d i f i c a t i o n s  
were i nco rpo ra ted ,  wh ich  1  i m i  t e d  i n i t i a l  c u r r e n t  
i n r u s h  t o  a  l e v e l  wh ich  was accep tab le  t o  t h e  
s t a r t e r ,  and t h e  prob lem has n o t  recu r red .  Th i s  
problem i s  cons ide red  t y p i c a l  o f  d i f f i c u l t i e s  
wh ich  may be c r e a t e d  by  f a i l i n g  t o  make p rope r  
des ign rev iew  o f  " o f f - t h e - s h e l f "  equipment adapta- 
t i o n .  I n  t h i s  case, t h e  t r u c k  s t a r t e r  system 
adapted t o  t h e  SSPU was i n t e r f a c e d  w i t h  t o t a l l y  
d i f f e r e n t  power supp l y  and l o a d  c h a r a c t e r i s t i c s  
w i t h o u t  cor respond ing des ign  p r o v i s i o n s - - s o  t h e  
d i f f i c u l t i e s  were, i n  r e t r o s p e c t ,  n o t  a  s u r p r i s e .  

d. Low Lube O i l  Pressure :  Wh i l e  o p e r a t i n g  i n  
Southern C a l i f o r n i a ,  t h e  s h i p  exper ienced seve ra l  
i n a d v e r t e n t  t r i p s  o f  SSPU $2 due t o  low l u b e  
o i l  p ressure .  T h i s  prob lem was t r a c e d  t o  o i l  
s l o s h  i n  t h e  sump and i n s u f f i c i e n t  t i m e  de lay  
i n  t h e  t r i p p i n g  c i r c u i t r y .  M o d i f i c a t i o n s  were 
i n c o r p o r a t e d  i n  t h e  t r i p p i n g  c i r c u i t r y  by t h e  ven- 

I do r  and t h e  prob lem has n o t  recu r red .  

e. SSPU #1 I n a d v e r t e n t  T r i p s :  Du r i ng  t e s t i n g  
o f  t h e  weapons system, seve ra l  i n a d v e r t e n t  t r i p s  
o f  SSPU $1 were exper ienced.  The problem was 
t r a c e d  t o  i n s u f f i c i e n t  shock i s o l a t i o n  o f  t h e  
SSPU l o c a l  c o n t r o l  pane l .  The l o c a l  c o n t r o l  panel  
shock mounts were m o d i f i e d  t o  p r o v i d e  p rope r  
i s o l a t i o n ,  and problem has n o t  recu r red .  

The m a j o r i t y  of  t h e  problems assoc ia ted  w i t h  
t h e  SSPU's was assoc ia ted  w i t h  t h e  d r i v e n  equ ip-  
ment. Most o f  these problems were d i scove red  
and c o r r e c t e d  w i t h i n  t h e  f i r s t  200 o p e r a t i n g  hours 
o f  t h e  u n i t s .  W i th  more than  2,200 cumu la t i ve  
o p e r a t i n g  hours t o  date ,  t h e  SSPU's have proven 
t o  be ex t reme ly  r e l i a b l e  u n i t s .  The s h i p  opera- 
t o r s  have been ex t reme ly  p leased w i t h  t h e  h i g h  
r e l i a b i l i t y  and i n s t a n t  a v a i l a b i l i t y  o f  t h e  u n i t s .  
F i g u r e  11 ~ r n \ ~ i d e s  t h e  f a i l u r e  h i s t o r y  o f  t h e  
SSPU's and t h e i r  d r i v e n  equipment. 

CUMULATIVE OPERATING HOURS (BOTH SSPU's) X 100 

Figure l I .  Failure History Ship Service Power Units 

S t r u t s  and F o i l s  

The PHM s t r u t  and f o i l  system i s  composed of  
welded 17-4 s t a i n l e s s  s t e e l  p ieces.  The p o r t  
and s t a r b o a r d  f o i l  pane ls  of  t h e  a f t  f o i l  system 
a r e  b o l t e d  t o g e t h e r  a t  t h e  s h i p ' s  c e n t e r  l i n e .  
The a f t  f o i l  system i s  b o l t e d  t o  t h e  p o r t  and 
s t a r b o a r d  s t r u t s  t o  form an i n v e r t e d  " P i "  assembly, 
which mounts on r e t r a c t i o n  t r u n n i o n s  t o  t h e  sh ip .  
The a f t  s t r u t s  and pods serve as t h e  water  d u c t  
i n l e t s  t o  t h e  f o i l b o r n e  pump, and each p o r t  and 
s t a r b o a r d  f o i l  pane l  r ece i ves  i t s  f l a p  c o n t r o l  
f rom a  c o n t r o l  r o d  t h a t  i s  i n  ,the s t r u t  t r a i l -  
i n g  edge f a i r i n g .  The fo rward  f o i l  i s  b o l t e d  t o  
t h e  s t e e r a b l e  f o rwa rd  s t r u t  t o  f o rm  an i n v e r t e d  

"Tee" assembly, wh ich  mounts v i a  a  r i n g  p o s t  i n  
a  r e t r a c t i o n  yoke t o  t h e  s h i p .  F lap  a c t u a t i o n  
i s  s i m i l a r  t o  t h e  a f t  s t r u t s .  S t e e r i n g  a c t u a t i o n  
i s  accompl ished by a  c y l i n d e r  wo rk ing  between t h e  
yoke and a  k i n g  p o s t  b e l l  c rank.  

Du r i ng  c o n s t r u c t i o n ,  t h e  hea t  t r ea tmen t  f o r  
t h e  welded 17-4 PH m a t e r i a l  was an i n i t i a l  problem. 
The Naval Sh ip  Eng inee r i ng  Center,  H y a t t s v i l l e  
(NAVSEC) , t h e  Naval Sh ip  Eng ineer ing  Center,  
H y a t t s v i l l e  (NAVSEC), The Naval Research Labora- 
t o r y  (NRL), and t h e  Dav id  W. T a y l o r  Naval Sh ip  
Research and Development Center (DTNSRDC) suppor ted 
a  t r a d e - o f f  a n a l y s i s  between d i r e c t  aged and so lu -  
t i o n  t r e a t e d  furnace p r o f i l e s  as t hey  e f f e c t  d i s -  
t o r t i o n  o f  t h e  panel  and t h e  f r a c t u r e  toughness 
of  t h e  weld. The PHM-1 s t r u t s  and f o i l s  were 
d i r e c t  aged heat  t r e a t e d  o n l y .  

The PHM-2 forward f o i l  was s o l u t i o n  t r e a t e d  
p r i o r  t o  ag ing,  and subsequent p r o d u c t i o n  pane ls  
w i l l  s i m i l a r l y  be s o l u t i o n  t e s t e d  t o  improve t h e  
f r a c t u r e  toughness of  t h e  weldment. 

An impor tan t  des ign f e a t u r e  i n c o r p o r a t e d  i n t o  
t h e  fo rward s t r u t  s t e e r i n g  system i s  a  f o i l  t i p  
d e b r i s  impact energy absorber .  H y d r o f o i l  t r i a l s  
conducted a t  t h e  H y d r o f o i l  Spec ia l  T r i a l s  U n i t  
(HYSTU) on t h e  research h y d r o f o i  1s HIGHPOINT 
(PCH-1) and PLAINVIEW (AGEH-1) i n d i c a t e d  a  need 
f o r  p a r t i c u l a r l y  l a r g e  d e b r i s  (such as 3-4 ft. 
d i a .  l o g s ) ,  of  r e s t r i c t i n g  t h e  impact  energy t h a t  
reaches t h e  s t e e r i n g  system i n  o r d e r  t o  p reven t  
s t e e r i n g  break-away and subsequent l o s s  o f  p o s i -  
t i o n  c o n t r o l  o f  t h e  s t r u t .  A  mechanism w i t h  s e r i e s  
b o l t s  designed t o  absorb t h e  impact  t o r s i o n a l  
energy t h rough  shea r i ng  was developed by NSRDC and 
t h e  c o n t r a c t o r .  The f u l l  s c a l e  absorber  was 
s u c c e s s f u l l y  t e s t e d  a t  a  l and  based t e s t  s i t e  and 
i s  now an i n t e g r a l  p a r t  o f  t h e  PHM-1 and t h e  
p r o d u c t i o n  design. 

E a r l y  performance t r i a l s  w i t h  PHM-1 i n d i c a t e d  
h ighe r  t han  p r e d i c t e d  drag. A s tep-by-s tep drag 
r e d u c t i o n  program was i n i t i a t e d  t h a t  improved 
bo th  "top-end-speed" and endurance. The f i r s t  
a c t i o n  taken was t o  f a i r  t h e  l ead ing  edges o f  t he  
a f t  s t r u t  lower  s t i f f e n e r s  w i t h  " b u l l e t "  noses. 
A d d i t i o n a l  s teps  l e d  t o  f a i r i n g  bo th  l ead ing  and 
t r a i l i n g  edges o f  a l l  s t i f f e n e r s .  The p roduc t i on  
des ign was developed t o  remove these s t i f f e n e r s  
and t o  s t i f f e n  t h e  s t r u t  w i t h  t h i c k e r  s k i n s .  

The second s t e p  taken was t o  reduce t h e  su r face  
roughness from predominant ly  5pm RMS t o  l e s s  than 
2.5 pm RMS. A l l  su r faces  o f  p roduc t i on  u n i t s  
w i l l  be p o l i s h e d  t o  l e s s  than 2.5 pm RMS t o  main- 
t a i n  hydi-odynamic e f f i c i e n c y  and t o  i n h i b i t  s u r -  
f ace  c o r r o s i o n .  

The t h i r d  s t e p  taken was t o  improve hydrody- 
namic l i n e s  of  t h e  s t r u t  and f o i l  pods by t h e  
a d d i t i o n  o f  pod ex tens ions.  

Du r i ng  t h e  S e a t t l e  phase of  t e s t i n g ,  observa- 
t i o n s  o f  t h e  f o rwa rd  f o i l  i n d i c a t e d  h ighe r  than 
p r e d i c t e d  occur rence o f  c a v i t a t i o n .  Review o f  
t h e  con tou r  da ta  f o r  t h e  PHM-1 fo rward  f o i l  and 
t h e  PHM-2 fo rward  f o i l  showed t h a t  t h e  PHM-2 f o i l  
was b u i l t  c l o s e r  t o  des ign con tou r  and shou ld  
reduce c a v i t a t i o n  drag and i nc rease  l i f t  e f f e c -  
t i veness .  As a  f o u r t h  s tep ,  t he  PHM-1 fo rward  
f o i l  was rep laced  by PHM-2 f o i l  and drag improve- 
ments v e r i f i e d  i n  t e s t .  



As a  r e s u l t  o f  a  h e a t  t r e a t  f u rnace  m ino r  a c c i -  
dent ,  t h e  PHM-2 f o i l  had a  d i s t o r t e d  t i p  and a  
s l i g h t  t w i s t  ang le  t i p  t o  t i p .  The c a v i t a t i o n  
l i m i t s  caused by t h e  t w i s t  and t i p  d i s t o r t i o n  
p reven t  optimum t r imming  o f  s h i p  p i t c h  and fo rward  
and a f t e r - f o i l  i n c i d e n c e  ang le .  A  f i f t h  s tep  
was taken  i n  Southern  C a l i f o r n i a  t o  f lame s t r a i g h t -  
en t h e  t w i s t  and d i s t o r t i o n .  The flame s t r a i g h t e n -  
i n g  t echn ique  u t i l i z e s  t h e  l o c a l  a p p l i c a t i o n  o f  
hea t  by a  t o r c h  under c o n t r o l l e d  temperature ,  
h e a t  r a t e ,  p o s i t i o n  and d i r e c t i o n  o f  t r a v e l  t o  
s t r a i g h t e n  f o i l  d i s t o r t i o n .  The f l ame  s t r a i g h t e n e d  
f o i l  reduced c a v i t a t i o n ,  improved l i f t  e f f e c t i v e -  
ness, and p e r m i t t e d  t h e  r e t r i m m i n g  of  t h e  s h i p .  

Du r i ng  t h e  t r i a l s  program, c a v i t a t i o n  on t h e  a f t  
( i n b o a r d  o f  t h e  s t r u t s )  f o i l  pane ls  was observed. 
Review o f  t h e  con tou r  data  and re f i nemen t  o f  b o t h  
f o rwa rd  f o i  1  down wash p r e d i c t i o n  and c a v i t a t i o n  
"bucket "  p r e d i c t i o n  show t h a t  s i g n i f i c a n t  improve- 
ment i n  c a v i t a t i o n  r e d u c t i o n  and drag r e d u c t i o n  
w i l l  be ach ieved i n  t h e  p r o d u c t i o n  pane ls  by m ino r  
m o d i f i c a t i o n s  t o  des ign.  P roduc t i on  manufac tur -  
i n g  t o l e rances  on con tou r ,  s u r f a c e  roughness and 
assembly f i t - u p  have been e s t a b l i s h e d  t o  l i m i t  
t h e  b u i l d - u p  of  e r r o r s  t h a t  e f f e c t  c a v i t a t i o n ,  
drag and l i f e  e f f e c t i v e n e s s  i n  o r d e r  t o  assure  
hydrodynamic performance i n  t h e  p r o d u c t i o n  sh ips .  

The camber o f  t h e  f o i l s  w i l l  be s l i g h t l y  i n -  
creased t o  i n c r e a s e  t h e i r  c a p a c i t y  t o  l i f e  w i t h o u t  
c a v i t a t i o n  when manufac tured t o  t h e  p r o d u c t i o n  
t o 1  erance. 

D e t a i l e d  a n a l y s i s  has developed a  new under-  
s tand ing  o f  t h e  downwash e f f e c t  a t  t h e  a f t  f o i l  
f r om t h e  fo rward  f o i l  wake. The d i f f e r e n t i a l  
i nc idence  ang le  o f  t h e  i nboa rd  a f t  f o i l  panels 
r e l a t i v e  t o  t h e  ou tboa rd  a f t  f o i l  pane ls  has been 
decreased t o  1  degree i n  o r d e r  t o  improve i t s  
ang le  o f  a t t a c k  w i t h  t h e  fo rward  f o i l  downwash. 
The marg in  t o  c a v i t a t i o n  and l i f t  s a t u r a t i o n  of  
t h e  a f t  ou tboard  pane ls  remain  h i g h e r  t han  i n -  
board pane ls  i n  o r d e r  t o  m a i n t a i n  r o l l  c o n t r o l  
a u t h o r i t y  by t h e  outboard  pane ls  when l i f t  l i m i t s  
a r e  reached i nboa rd  i n  h i g h  sea s t a t e s  o r  i n  
extreme maneuvers. 

The PHM-1 has p r o v i d e d  t h e  v i t a l  f u l l  s c a l e  
obse rva t i ons  and da ta  a n a l y s i s  i n  a  r e a l  env i ron -  
ment r e q u i r e d  f o r  p r o d u c t i o n  eng inee r i ng .  These 
obse rva t i ons  and a n a l y s i s  have focused t h e  produc- 
t i o n  eng inee r i ng  e f f o r t  on to  re f inements  t o  t h e  
s t r u t  and f o i l  des ign necessary t o  assure t h a t  
p r o d u c t i o n  PHM's meet t h e i r  performance r e q u i r e -  
ments when b u i l t  w i t h  accep tab le  manufacur ing  
techn iques and t o l e r a n c e s .  

Sh ip  S e r v i c e  Pumps 

Wi th  t h e  excep t i on  o f  one h y d r a u l i c a l l y  d r i v e n  
emergency f u e l  pump and ABEX pumps which supp ly  
t h e  s h i p ' s  h y d r a u l i c  power, a l l  o t h e r  pumps 
p r o v i d i n g  s h i p  s e r v i c e s  a r e  e l e c t r i c a l l y  d r i v e n  
pumps. Due t o  t h e  f a c t  t h a t  t h e  p r i m a r y  s h i p ' s  
s e r v i c e  e l e c t r i c a l  power i s  400 Hz, t h e  pump 
motors on a l l  o f  t h e  s h i p  s e r v i c e  pumps a r e  400 
Hz motors .  Tab le  V l i s t s  t h e  system a p p l i c a t i o n ,  
s u p p l i e r  and number o f  pumps used aboard PHM. 

Dur ing  the  course o f  docks ide and underway 
t e s t i n g ,  seve ra l  problems were d i scove red  w i t h  
some o f  t h e  pumps as used i n  t he  PHM a p p l i c a t i o n .  
The m a j o r i t y  o f  t h e  p r o b l e m  was c o n f i n e d  t o  t h e  

s a l t  wa te r  c o o l i n g  pumps and t h e  pumps used i n  
t h e  b i l g e  dewater ing,  waste water ,  and c h i l l e d  
wa te r  systems. Tab le  V I  p rov ides  a  b r i e f  
summary o f  t h e  problems and c o r r e c t i v e  a c t i o n .  

Table V 
P H M  Ship Service Pump 

System 

San water cooling 
and firemain 

Waste water 

Bllge water 

Chilled water 

Fresh water 

Aux. lube oil 

Turbine waah 

Fuel pumpa (AC) 

Fuel pumpa (DC) 

Macerator pumps 

Slud!P pump 

Pump 

Roper 

Prosser 

Prosser 

Prosser 

Task 

Proaser 

P r m e r  

Taak 

Task 

Gat 

Gat 

Number 

i l o d i f i c a t i o n s  i n c o r p o r a t e d  i n  t h e  s a l t  
water  c o o l i n g  pumps have been h i g h l y  successfu l  
The m a j o r i t y  o f  these pump f a i l u r e s  was 
assoc ia ted  w i t h  pump wa te r  burn-out  due t o  wet 
w ind ings.  Dur ing  t h e  f i r s t  seven months o f  
s l i i p  ope ra t i ons ,  31 pump f a i l u r e s  were recorded 
Dur ing  the  n e x t  seven-month increment  o f  
ope ra t i ons ,  o n l y  an a d d i t i o n a l  f i v e  f a i l u r e s  
were recorded. 

Table V I  
PHM Ship Semce Pump Problem Onnmmqj 

A1 though t h e r e  a r e  f i v e  a p p l i c a t i o n s  o f  
Prosser  pumps i n  t h e  sh ip ,  t h r e e  o f  these a p p l i -  
c a t i o n s  have accounted f o r  t h e  m a j o r i t y  o f  t h e  pump 

Pump 

Salt 
water 
Pumps 

Waste. 
chilled 
and 
bilge 

pumps 

Problan 

1) Pump impeller 
blade - failure 
at root 

2) Pump motor 
winding fdlure 
due to wetting 
down 

3) Pump bearing 
falure due to 
inadquate or 
i m P w r  
lubricant 

1) Pump fmlure due 
to improper seal 
between pump and 
motor 

2) Pump f Jbre due 
to openlng ol 
internal h r m a l  
fuse. 

Solutim 

Material change and 
increase in root thick- 
ness and radlus 

Covers installed to 
prevent wetting down. 
Windings e m p  pumps 
are not submersible 
pumps. 

Lubricant type changed 
and bearings rqmcked. 

Modltication to seal 
and motor case to 
allow positive pressure 
against same 
incorporated. 

Investigation in 
progress. Pmlble 
modtication to fuse 
.CC088. 



f a i l u r e s .  To date,  t h e r e  have been 30 pump 
f a i l u r e s  a s s o c i a t e d  w i t h  t h e  b i l g e  dewater ing ,  
waste water ,  and c h i l l e d  w a t e r  systems. The 
vendor has been conduc t i ng  f a i l u r e  a n a l y s i s  and 
deve lop ing  pump sea l ,  bea r i ng  and f u z i n g  
m o d i f i c a t i o n s  t o  i n c r e a s e  t h e  r e l i a b i  1  i t y  and 
m a i n t a i n a b i l i t y  o f  these pumps. As o f  t h i s  
w r i t i n g ,  however, m o d i f i e d  pumps have n o t  been 
r e c e i v e d  and t e s t e d  i n  t h e  sh ip .  

f. 400/60Hz S t a t i c  Conver ters  

I n  o r d e r  t o  p r o v i d e  60Hz power f o r  some o f  
t he  h o t e l  and combat systems loads,  t h e  PHM i s  
equipped w i t h  t h r e e  20 KVA 400Hz t o  60Hz s t a t i c  
conve r te rs .  The s h i p ' s  normal e l e c t r i c a l  l o a d  
r e q u i r e s  t h a t  two o f  t h e  t h r e e  i n s t a l l e d  
c o n v e r t e r s  be on l i n e  w i t h  t h e  rema in ing  
c o n v e r t e r  b e i n g  t h e  back-up conve r te r .  Du r i ng  
t h e  underway t e s t  p e r i o d  o f  PEGASUS, t h e  back-up 
c o n v e r t e r  was used as t h e  p r i m a r y  power source 
f o r  t h e  s p e c i a l  i n s t r u m e n t a t i o n  wh i ch  was 
i n s t a l l e d  f o r  p l a t f o r m  and combat systems t e s t i n g .  
A  t o t a l  o f  s i x  400Hz/60Hz c o n v e r t e r s  were p rov ided  
under t h e  c o n t r a c t .  F o r  purposes o f  t h i s  
d i scuss ion ,  o n l y  t hose  c o n v e r t e r s  wh ich  have been 
used aboard t h e  s h i p  a r e  cons idered.  As o f  t h i s  
w r i t i n g ,  t h e  h i g h  t i m e  c o n v e r t e r  has ach ieved 
some 8,000 hours '  o p e r a t i n g  t i m e  aboard t h e  ship.  
The u n i t ,  wh ich  was used f o r  q u a l i f i c a t i o n  t e s t -  
i n g  a t  t he  vendor, has neve r  been opera ted aboard 
t h e  s h i p .  To date ,  t h e r e  have been 28 f a i l u r e s  
o f  t h e  c o n v e r t e r s  aboard t h e  sh ip ,  and t h e  t o t a l  
o p e r a t i n g  t i m e  o f  t h e  c o n v e r t e r s  has reached 
25,300 hours.  T h i s  equates  t o  a  cumu la t i ve  
average o p e r a t i n g  t i m e  between f a i l u r e s  o f  
app rox ima te l y  900 hours.  F i g u r e  12a p r o v i d e s  
g r a p h i c  i l l u s t r a t i o n  o f  t h e  f a i l u r e  h i s t o r y  o f  
t h e  c o n v e r t e r s  aboard t h e  sh ip ,  w h i l e  f i g u r e  12b 
p r o v i d e s  an i l l u s t r a t i o n  o f  t h e  t r e n d  o f  average 
o p e r a t i n g  hours between sh ipboa rd  f a i l u r e s .  

It shou ld  be no ted  t h a t  d u r i n g  t h e  f i r s t  s i x  
months t h a t  t h e  s h i p  was dep loyed t o  Southern 
C a l i f o r n i a ,  12,000 o p e r a t i n g  hours were accrued 
on the  c o n v e r t e r s  w i t h  f i v e  f a i l u r e s .  T h i s  
equates t o  an improved average o p e r a t i n g  t i m e  
between f a i l u r e s  o f  2400 hours s i n c e  deployment. 

The causes o f  t h e  400Hz/60Hz s t a t i c  c o n v e r t e r  
f a i l u r e s  aboard PHM can be c l a s s i f i e d  as: 
1  ) component f a i l u r e s ,  2 )  f a i l u r e s  due t o  inade-  
quate  manu fac tu r i ng  q u a l i t y  c o n t r o l  and, 
3)  i n t e r f a c e  incompat i  b i l  i t i e s  w i t h  i n p u t  and/or 
o u t p u t  loads.  Each o f  t hese  f a i l u r e  areas can 
be summarized as f o l l o w s :  

1  ) Component F a i l u r e  - The f a i l e d  components, 
wh ich  have been i d e n t i f i e d  t o  be t h e  p r i m a r y  
f a i l u r e s  o f  t h e  equipment, a r e  t h e  l i g h t  
e m i t t i n g  d i o d e / s i  1  i cone  c o n t r o l  l e d  r e c t i f i e r ,  
t h e  commutating c a p a c i t o r ,  t h e  snubber c i r c u i t  
c a p a c i t o r ,  t h e  Zener d iode,  and t h e  i n p u t  
t r ans fo rmer .  Analyses o f  t h e  f a i l e d  components 
have r e v e a l e d  d e f i c i e n c i e s  i n  t h e  component 
des ign and/or  component manu fac tu r i ng  process.  
The vendor has proposed t o  r e p l a c e  each o f  these 
d e f i c i e n t  components w i t h  an improved v e r s i o n  
and t o  i n c l u d e  b u r n - i n  t o  reduce any i n f a n t  
m o r t a l  i t y .  

2 )  Manu fac tu r i ng  q u a l i t y  c o n t r o l  - The 
q u a l i t y  c o n t r o l  problems which were found t o  
cause the  equipment f a i l u r e ,  a r e  t h e  c o l d  s o l d e r  

CUMULATIVE OPERATING HOURS X 1000 

Figure 12a. 400 Hz160 Hz Static Converter Failure History 

CUMULATIVE OPERATING HOURS X 1000 

Figure 120. 400 Hz160 Hz Converter Operating Hours 
Between Failures 

j o i n t s ,  t he  l oose  PC board  connectors ,  and t h e  
i n - l i n e  s p l i c i n g  o f  conductors.  The vendor has 
proposed improved manu fac tu r i ng  processes which 
are :  ( a )  t o  use f l o w  s o l d e r i n g  method, ( b )  t o  
use more re1 i a b l e  connectors ,  and ( c )  t o  
e l i m i n a t e  t h e  i n - l i n e  s p l i c i n g .  

3 )  I n t e r f a c e  i n c o m p a t i b i l i t y  - The i n t e r f a c e  
i n c o m p a t i b i l i t y  problems have n o t  been p o s i t i v e l y  
i d e n t i f i e d .  However, i t  i s  b e l i e v e d  t h a t  f a i l u r e s  
under t h i s  ca tegory  were caused by: ( a )  i n p u t  
undervo l  tage c y c l i n g ,  ( b )  "sympathet ic  sw i t ch -  
through,"  and ( c )  EM1 f rom e x t e r n a l  sources. 
S ince t h e  vendor c o u l d  o n l y  s i m u l a t e  t he  i n p u t  
unde rvo l t age  b u t  n o t  t h e  undervo l tage c y c l i n g ,  
t he  unde rvo l t age  ( w i t h o u t  c y c l i n g )  s i m u l a t i o n  
t e s t  a t  t h e  vendor has n o t  caused any f requency 
c o n v e r t e r  f a i l u r e s .  Undervo l tage as a  cause o f  
f requency c o n v e r t e r  f a i l u r e  has n o t  been 
e s t a b l i s h e d .  The i n p u t  400Hz l i n e  fuses have 
been rep laced  w i t h  c i r c u i t  b reakers  i n  an 
a t t emp t  t o  p r o v i d e  a  f a s t e r  and o r d e r l y  shutdown 
o f  t he  f requency c o n v e r t e r  when i n p u t  o v e r c u r r e n t  
occurs  under t h e  i n p u t  unde rvo l t age  c o n d i t i o n .  
F u r t h e r  i n t e r f a c e  compati b i l  i t y  t e s t i n g  i s  i n  
progress  aboard s h i p  as t h i s  paper i s  pub l i shed .  
Beyond t h i s ,  a d d i t i o n a l  p l a n s  t o  t e s t  o r  t o  
ana lyze the  sw i t ch - th rough  o r  t h e  EM1 problems 
w i l l  p robab l y  be d e f e r r e d  u n t i l  such t ime  as a  
PHM p r o d u c t i o n  c o n t r a c t  i s  awarded. 

I t  may be no ted  t h a t  t h e  m a j o r i t y  o f  
d i f f i c u l t i e s  d iscussed f o r  a l l  t h e  above systems 



was a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  a p p l i c a t i o n  
and e n v i r o n m e n t a l l y  i n t e r f a c e  c h a r a c t e r i s t i c s  o f  
each system. Hence, t h e y  were n o t  revea led  u n t i l  
i n t e g r a t e d  i n t o  t h e  s h i p  and t e s t e d  a t  sea. The 
impor tance o f  a t - sea  t e s t i n g  t o  a  thorough under-  
s t a n d i n g  of  a l l  development and a p p l i c a t i o n  
problems o f  new systems cannot  be overemphasized. 

O v e r a l l  Sh ip  R e l i a b i l i t y  and A v a i l a b i l i t y  
Assessment 

A1 though t h e  t i m e  o f  award o f  t h e  PHM l e a d  
s h i p  c o n t r a c t  preceded most o f  t h e  government 's 
c u r r e n t  procurement r e l i a b i l i t y  i n s t r u c t i o n s  
f o r  new s h i p  c o n t r a c t s ,  concern a t  t h a t  t ime  
o v e r  t h i s  i s s u e  was a l r e a d y  i n t e n s e  due t o  t h e  
r a d i c a l l y  new t y p e  o f  s h i p  and i n t e g r a t e d  
equipment i nvo l ved ,  t h e  new t ype  o f  maintenance 
concept,  NATO imp1 i c a t i o n s ,  and t h e  r e c o g n i t i o n  
o f  d e f i c i e n t  r e l i a b i l i t y  performance i n  many 
r e c e n t  DOD a c q u i s i t i o n s .  I t  became e v i d e n t  
e a r l y ,  however, t h a t  t h e  program c o u l d  n o t  
a f f o r d  a  c l a s s i c a l  aerospace r e l i a b i l i t y  
qua1 i f i c a t i o n  program ( i  .e., where s u f f i c i e n t  
t e s t i n g  i s  per formed p r i o r  t o  ma jo r  cons t ruc -  
t i o n  t o  v a l i d a t e  r e l i a b i l i t y  a l l o c a t i o n s  o f  
a l l  r ep laceab le  components). I t  was a l s o  
recogn ized t h a t  i n c e n t i v i z i n g  t h e  c o n t r a c t o r  
i n  t h i s  area would be d i f f i c u l t ,  e s p e c i a l l y  i f  
measurement depended upon t r a c k i n g  t h e  
accumulated t ime  l i n e s  o f  a l l  t h e  many 
hundreds o f  s h i p ' s  equipment wh ich  e n t e r  i n t o  
an o v e r a l l  s h i p  r e l i a b i l i t y  de te rm ina t i on .  I t  
was decided, t he re fo re ,  t h a t  a  "lumped 
parameter"  approach would be undertaken, 
p rov ided  t h a t  a  s u f f i c i e n t l y  s t r u c t u r e d  and 
s t a t i s t i c a l l y  suppo r tab le  model o f  t a r g e t  
r e l i a b i l i t y  and a v a i l a b i l i t y  c o u l d  be 
e s t a b l i s h e d .  

Three areas were dec ided upon as r e p r e s e n t i n g  
t h e  lna jor  o b j e c t i v e s  t o  be i n c e n t i v i z e d :  

( a )  The performance w i t h o u t  i n t e r r u p t i o n  
t h roughou t  s h i p  m i s s i o n  o f  a l l  
m i ss ion  c r i t i c a l  f u n c t i o n s .  
(RELIABILITY) 

( b )  The h i g h  a v a i l a b i l i t y  t h roughou t  s h i p  
m i s s i o n  ( e i t h e r  t h rough  h i g h  r e l i a b i l i t y  
o r  easy repa i r / r ep lacemen t )  of  a l l  
i m p o r t a n t  s h i p ' s  equipment.  
(AVAILABILITY) 

( c )  The success fu l  demonst ra t ion  o f  each 
s h i p  c o n t r a c t  performance c h a r a c t e r -  
i s t i c  on the  f i r s t  a t t emp t .  
(PERFORMANCE SUCCESS) 

A  NAVSEC computer model o f  t h e  PHM 
P r e l i m i n a r y  ( C o n t r a c t )  Design, used e a r l i e r  
i n  m i s s i o n  p r o f i l e  r e l i a b i l i t y  p r e d i c t i o n s ,  was 
employed t o  p r o j e c t  expected success o f  t h e  
above RELIABILITY and AVAILABILITY parameters 
f o r  an average e i g h t - h o u r  t e s t  m iss ion .  Th i s  
d u r a t i o n  was expected t o  r e p r e s e n t  t h e  normal 
PHM d a i l y  underway t e s t  o p e r a t i o n s  t h rough  
c o n t r a c t  d e l i v e r y .  A m a t r i x  o f  ( 50 )  m iss ion  
c r i t i c a l  r e1  i a b i l  i t y  f u n c t i o n s  was e s t a b l i s h e d  
f o r  t h e  RELIABILITY p r e d i c t i o n s .  A  second 
m a t r i x  o f  ove r  600 equipments was used f o r  t h e  
AVAILABILITY p r e d i c t i o n s .  Computer model 
r e s u l t s  showed t h a t  probab i  1  i t y  o f  comp le t i ng  

an e i g h t - h o u r  m i s s i o n  w i t h o u t  f a i l u r e  i n  e i t h e r  
RELIAB:[LITY o r  AVAILABILITY exceed 90' pe rcen t .  
On t h i s  bas i s ,  i n c e n t i v e  n e g o t i a t i o n s  and 
coope ra t i ve  computer model s t u d i e s  were en te red  
i n t o  w i t h  t h e  pr ime c o n t r a c t o r .  

The f o l l o w i n g  i s  a  summary o f  those 
t e c h n i c a l  i n c e n t i v e s  wh ich were agreed t o  d u r i n g  
Underway Tests  wh ich  were t o  be performed under 
t he  c o n t r a c t .  

RELIABILITY: PHM r e l i a b i l i t y  o f  m iss ion  
e s s e n t i a l  f u n c t i o n s  as d e f i n e d  under t h e  
c o n t r a c t .  A  f a i l u r e  o f  any predes ignated 
m iss ion  e s s e n t i a l  f unc t i on ,  no m a t t e r  what t h e  
d u r a t i o n  o f  t h e  f a i l e d  s t a t e ,  was t o  be scored 
a  t r i a l - d a y  f a i l u r e .  Fo r  r e l i a b i l i t y  measure- 
ment, 50 m i s s i o n  c r i t i c a l  f u n c t i o n s  were 
i d e n t i f i e d  t o  be scored on a  d a i l y  bas i s .  

AVAILABILITY: Opera t i ona l  a v a i l a b i l i t y  
of  a l l  i tems o f  i n s t a l l e d  equipment r e q u i r e d  
t o  s a t i s f y  t h e  m i s s i o n  e s s e n t i a l  f u n c t i o n s .  
These were t o  be f u l l y  operab le  a t  t h e  end o f  
each p redec la red  t r i a l s  day. A  t r i a l  day 
success would be scored i f  a l l  equipments, as 
def ined,  were o p e r a t i o n a l  a t  t h e  end o f  each 
p redec la red  t r i a l s  day. A  t o t a l  o f  613 
i n d i v i d u a l  i tems o f  equipment were i d e n t i f i e d  
t o  be scored on a  d a i l y  b a s i s .  

PERFORMANCE SUCCESS: Percentage o f  PHM 
Performance T r i a l s  Agenda i tems complete on 
f i r s t  a t tempt .  Exc lus ions  would i n c l u d e  
agenda i tems r e r u n  due t o  weather, ins t rumen-  
t a t i o n  problems, o r  o t h e r  phenomenon hav ing  no 
r e l a t i o n s h i p  t o  t he  a b i l i t y  o f  t he  s h i p  t o  
pe r fo rm t h e  agenda i t ems  i n  ques t i on .  

A  s e r i e s  o f  o p e r a t i n g  r u l e s  f o r  PHM systems 
and equipments was e s t a b l i s h e d  f o r  a l l  t e s t s  
and t r i a l s  conducted f o r  purposes o f  s c o r i n g  
under t he  Techn ica l  I n c e n t i v e s  o f  t h e  c o n t r a c t .  
These o p e r a t i n g  c o n d i t i o n s  were e s t a b l i s h e d  as 
t a r g e t s  which a r e  summarized below: 

a. Ope ra t i ng  Hours - The PHM equipment 
and systems and a l t e r n a t e s ,  f o r  
i n c e n t i v e s  sco r i ng ,  were expected t o  
be opera ted f o r  a  maximum number o f  
hours d u r i n g  each t r i a l s  day. 

b. Opera t ing  Loads - I n s o f a r  as i s  
p o s s i b l e ,  t h e  equipments and systems 
were t o  be opera ted i n  a  loaded 
c o n d i t i o n  d u r i n g  t h e  t r i a l s  p e r i o d .  

c .  Cumulat ive Opera t i ng  Hours and 
Cycles - The cumu la t i ve  s h i p  underway 
t ime was expected t o  be app rox ima te l y  
600 hours p r i o r  t o  d e l i v e r y .  The 
f o l l o w i n g  ope ra t i ons  p r o j e c t e d  minimum 
l e v e l s  o f  o p e r a t i o n a l  use i n  t h e  
q u a n t i t y  i n d i c a t e d  d u r i n g  underway 
ope ra t i ons .  

1 .  F o i l  borne hours - 250. 

2. S t r u t  ex tens ions  - 64, and 
r e t r a c t i o n s  - 64. 

3. Cold b a t t e r y  s t a r t s  o f  each 
d i e s e l  - 8. 



Reliability Incentives Performance 4. Opera t i ng  hours o f  each s h i p  
s e r v i c e  t u r b i n e  - 285. 

5. Main t u r b i n e  s t a r t s  - 64. 

6. D iese l  eng ine  s t a r t s  - 60  each 
eng ine  ( a d d i t i o n a l  t o  3 above).  

A d d i t i o n a l  l y ,  a  s e r i e s  o f  genera l  s c o r i n g  
r u l e s  was e s t a b l i s h e d  f o r  use o f  t h e  RMC incen -  
t i v e s .  These genera l  r u l e s  may be summarized 
as f o l l o w s :  

a. The s c o r i n g  was based on a  sample o f  
t h e  f i r s t  40 t r i a l s  days, scored f o r  
i n c e n t i v e  purposes. 

b. The d u r a t i o n  o f  a  t r i a l s  day was t o  
be measured f rom t h e  t i m e  o f  l a s t  l i n e  
t a k e n - i n  (underway) t o  t h e  t ime  o f  t h e  
f i r s t  l i n e  ove r  (moored).  

c .  No f a i l u r e s  were t o  be scored i n  any 
c a t e g o r y  f o r  t h e  f o l l o w i n g  causes: 

1. F a i l u r e  o f  government f u r n i s h e d  
equipment,  t e s t  equipment, o r  
suppo r t :  These were t o  be 
scored as no-score .  

2. Secondary f a i l u r e s :  These were 
t o  be scored as successes f o r  t h e  
secondary f a i l e d  equipment i f  i t s  
f a i l u r e  were c l e a r l y  secondary; 
i . e . ,  a  d i r e c t  consequence o f  a  
p r i o r  f a i l u r e  o r  o t h e r  f a i l u r e .  

d. A  t r i a l s  day was t o  be between 4  and 
12 hours  i n  d u r a t i o n ,  and n o m i n a l l y  
planned f o r  8  hours.  Fo r  purposes o f  
e s t a b l i s h i n g  t h e  sample base f o r  
RELIABILITY and AVAILABILITY, t he  
average t r i a l s  day ove r  t h e  whole 
sample base was t o  be no l e s s  than 
7.5 hours.  

e.  Prov ided t h a t  a  f a i l u r e  l eads  t o  a  
subsequent c o r r e c t i o n  by redes ign  o f  
hardware o r  by m o d i f i c a t i o n  o f  
procedures,  t h e  assoc ia ted  f a i l u r e  
score  may be d e l e t e d  i f  approved by 
t h e  p r o j e c t  manager. 

(50 Subsystems) 
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Figure 13. PHM-1 Ship Reliability Scoring Performance (Interim) 
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Figure 14. PHM-1 Equipment Availability Scoring Performance 

On t h i s  bas i s ,  t h e  r e s u l t i n g  t e c h n i c a l  20 

i n c e n t i v e  p l a n  f o r  performance ove r  t h e  f i r s t  40 
c o n t r a c t o r  performance t r i a l s  i s  d e p i c t e d  i n  

V) 
F igu res  13 th rough  16. As ment ioned above, t h e  w 

K 
s c o r i n g  procedures  e s t a b l i s h e d  under t h e  c o n t r a c t  15 
p r o v i d e  f o r  e l i m i n a t i o n  f r om the  s c o r i n g  r e s u l t s ,  2 
any f a i l u r e s  which, by agreement o f  t h e  Navy 2~ 
P r o j e c t  Manager, i s  p roven t o  have been due t o  a  : K  

X K  
des ign d e f i c i e n c y  o r  p rocedu ra l  e r r o r  wh ich  i s  : ~ u 1 0 -  3 
subsequent ly  c o r r e c t e d  by t he  c o n t r a c t o r .  I n  w u  S o  
such a  case, t h e  a p p l i c a b l e  f a i l u r e s  a r e  t o  be 
r u l e d  "no-score" ;  and a d d i t i o n a l  s c o r i n g  t r i a l s  0 4- 
a r e  t o  be conducted, necessary t o  complete t h e  K = 
da ta  base o f  40 t r i a l s .  A t  t h e  t i m e  o f  t h i s  w 

m 
w r i t i n g ,  p r i o r  t o  d e l e t i o n  o f  any "no-score"  data,  3 I 
RELIABILITY r e s u l t s  a r e  shown i n  F i g u r e  13. z 
C o r r e c t i o n  o f  d e f i c i e n c i e s  i n  t h e  main p r o p u l s i o n  
system and au toma t i c  c o n t r o l  system, r e s p o n s i b l e  0 

0 1 2 3 4 5 6 7  
f o r  most o f  t h e  f a i l u r e  scores,  i s  expected t o  12 

r a i s e  performance i n t o  t h e  i n c e n t i v e  s c o r i n g  area X = NUMBER FAILURES PER VOYAGE 

p r i o r  t o  s h i p  d e l i  very .  
Figure 15. PHM-I Equipment Availability Failure Distribution 
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S c o r i n g  i n  AVAILAGILITY has demonstrated t h a t  
an average o f  two t o  t h r e e  equ ip~nents  o f  those i n  
t he  s c o r i n g  ~ n a t r i x  a r e  down ( i n o p e r a t i v e )  a t  t h e  
end o f  each voyage. I n  r e t r o s p e c t ,  t h i s  i s  n o t  a  
s u r p r i s i n g  conc lus ion ;  and i t  appears t h a t  t h e  
i n c e n t i v e  t a r g e t s  may have been somewhat severe.  
The AVAILABILITY s c o r i n g  r e s u l t s  a r e  shown i n  
F i g u r e  14. D i s t r i b u t i o n  o f  t h e  number o f  f a i l e d  
equipll ients on each s c o r i n g  voyage i s  shown i n  
F i g u r e  15. 

The c o n t r a c t o r  has been q u i t e  success fu l  i n  
d e n ~ o n s t r a t i n g  r e q u i r e d  c o n t r a c t  performance o f  
t h e  s h i p  o r  i t s  systems on t h e  f i r s t  den lonst ra t ion  
a t ten lp t ,  a c h i e v i n g  an average success r a t e  o f  96 
pe rcen t  t o  da te .  T h i s  i s  i l l u s t r a t e d  a g a i n s t  
h i s  t a r g e t  i n c e n t i v e  i n  F i g u r e  16. 

PO l NTS 

I I I I I I I 
0  30 60 90 120 1 5 0 1 8 0  210 

NUMBER OF EVENTS SCORED 

Figure 16. PHM-I Specification Performance 
Success Scoring 

V I I I .  OPERATIONS SUMMARY 

F igu res  17 th rough 19 summarize t h e  o p e r a t i n g  
data  accumulated by PHM-1 d u r i n g  i t s  f i r s t  y e a r  
o f  o p e r a t i o n .  F i g u r e s  17a and 17b i l l u s t r a t e  t h e  
p r o f i l e  o f  t r i a l s  days, underway and f o i  1  borne 
o p e r a t i n g  hours  exper ienced by PEGASUS and compare 
them w i t h  t h e  cor respond ing p r e d i c t e d  p r o f i l e s  
prepared i n  December 1974, approx in la te ly  two 
months p r i o r  t o  s h i p ' s  f i r s t  underway voyage. 
Several  obse rva t i ons  may be drawn: 

Except f o r  p e r i o d  o f  t ime when PHM-1 was 
i n o p e r a t i v e  due t o  main p r o p u l s i o n  system f a i l u r e s ,  
t h e  s h i p  succeeded i n  accompl ish ing underway 
t r i a l s ,  underway and f o i l b o r n e  ope ra t i ons  a t  
a l l i ios t  e x a c t l y  t h e  r a t e s  a n t i c i p a t e d .  That  i s ,  
excep t  f o r  t h e  main p r o p u l s o r  t h e  p r o j e c t e d  r a t e  
o f  t r i a l s  o f  t h r e e  voyages p e r  week, e i g h t  under-  
way hours  p e r  day and app rox ima te l y  40 pe rcen t  
o f  f o i l b o r n e  t ime  was f u l l y  suppor ted by t h e  
~ l i a t u r i t y  o f  t h e  s h i p  and i n t e g r a t i o n  and 
r e l i a b i l i t y  o f  t h e  s h i p  and i t s  co~nbclt systems. 
I n  f a c t ,  eve ry  o p e r a t i n g  p r o f i l e  " -F la t  spo t "  
( i  .e. ,  p e r i o d  o f  non -ope ra t i on )  o f  g r e a t e r  than 
one week d u r i n g  t h e  f i r s t  y e a r  o f  ope ra t i ons  was 
a t t r i b u t a b l e  t o  d i f f i c u l t i e s  i n  t h e  main 
p r o p u l s i o n  sys te~n.  Th i s  i n c l u d e s  t h e  ma jo r  
p lanned maintenance p e r i o d  o f  J u l  y - e a r l y  August 
1975, where t h e  n la jor  work i tell1 was i n s t a l l a t i o n  
o f  p r o p u l s i o n  systellls colllponents and ~ ~ ~ a t e r i a l s ,  
and t h e  Chr i s t~nas  h o l i d a y s ,  1975, i:lileine the  
l l lain prop111 s i o n  c~eal-box was exchangeti. 

The conc lus ion  i s  t h a t  a l t hough  the  prograll i  
s u f f e r e d  s e v e r e l y  fro111 f a i l u r e  t o  have an 
adequate ly  qua1 i f i e d  p r o p u l s i o n  systen: p r i o r  t o  
s h i p  launch, t he  m a t u r i t y  o f  t h e  a p p l i e d  
h y d r o f o i l  techno logy,  s e l e c t i o n  o f  combat systems, 
management o f  systems i n t e g r a t i o n ,  and t h e  t e s t  
progralri p l a n n i n g  a re  a1 1 f u l l y  v i n d i c a t e d .  

Figure 17a. PHM-I Operating Rofile 
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MONTHS FROM FIRST UNDERWAY VOYAGE 

Figure 17b. PHM- I Operating Profile 

Tdble  V I I  and F i g u r e  18  i l l u s t r a t e  t h e  read iness f o r  an independent Opera t i ona l  
curnulat i  ve e q u i p i ~ ~ e n t  t i m e  and P!avy c r e x  o p e r a t i n g  Eva lua t i on .  E s p e c i a l l y  i ~ l i p o r t a n t  i n  t he  case o f  
exper ience,  r e s p e c t i v e l y ,  wh ich  e x i s t e d  a t  t h e  PHM was t h e  e a r l y  i n t e g r a t i o n  of  Navy crel:J 
conc lus ion  o f  PHM Techn ica l  Eva lua t i on .  Together 111e111hers i n t o  a l l  aspects  O F  o p e r a t i o n  and 
w i t h  t he  p r i o r  f i g u r e s ,  t h i s  d a t a  i s  i l l u s t r a t i v e  maintenance, thus  p l a c i n g  them on t h e  same 
o f  t h e  e f f o r t  necessary  t o  h r i n y  a  s h i p  o f  t h i s  " m a t u r i t y "  cu rve  as t he  s h i p  and equip~!lent, and 
type t o .  t h e  p o i n t  where i t  i s  ready  t o  c e r t i f y  e n a b l i n g  s i n~u l t aneous  c e r t i f i c a t i o n  o f  e a c h  as 

Table VII .  Cuniulntive Equiprncnt 0l)ernting Time. PHM-I  

HOURS SINCE LAUNCH 9 NOV 1974 
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soon as s h i p  m a t e r i a l  r e l i a b i l i t y  was s u f f i c i e n t l y  
e s t a b l i s h e d .  Table VIII. Comparison of PHM-I First Year Experience 

With Average Pacific Fleet Destroyer 

'1 1 Months from first undeway voyage 
"a. COMSURFPAC OPS 

b. Janes Fighting Ships 1974-75 (DDG 37. DD931. DD FRAM. FF 1040 
Classes) 

VOYAGES 

Figure IS. PHM-1 CumuIative Navy Crew Operating Experience 

Comparat ive PHM-1 and e a r l i e r  h y d r o f o i  1  f i r s t -  
y e a r  o p e r a t i n g  exper ience i s  i l l u s t r a t e d  i n  
F i g u r e  19. Th i s  demonstrates c l e a r l y  t h e  remark- 
a b l e  r e l i a b i l i t y  and pace o f  o p e r a t i o n s  o f  PHM-1 
d u r i n g  i t s  f i r s t  y e a r  d e s p i t e  t h e  c o n t i n u i n g  
i n t e r r u p t i o n  o f  main p r o p u l s i o n  system problems 
and t h e  much g r e a t e r  c o m p l e x i t y  o f  t h e  PHM 
combat systems, t e s t  program, crew i n t e g r a t i o n  
and deployment schedule compared t o  e a r l  i e r  
h y d r o f o i l  programs. 
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Figure 19. First Year Comparison of PHM-I and Other 
U. S. Navy Hydrofoils 

Table V I I I  summarizes and compares t h e  f i r s t  
yea r  o f  PHM-1 o p e r a t i o n s  w i t h  t h a t  o f  an average 
U.S. P a c i f i c  f l e e t  des t roye r .  The ope ra t i ons  
d u r i n g  t h e  n i n e  months o f  dep1o:lment t o  Southern 
C a l i f o r n i a  a r e  a l s o  shown. The enhanced area 
coverage c a p a b i l i t y  o f  PHM i s  e v i d e n t .  When 
cons idered i n  t h e  c o n t e x t  o f  i n i t i a l  s h i p  
investment ,  c o s t s  o f  crew manning, and o p e r a t i n g  
cos ts  p e r  m i l e ,  t h e  e f f i c i e n c y  o f  PHM u t i l i z a t i o n  
f o r  a  c e r t a i n  p o r t i o n  o f  t he  present -day d e s t r o y e r  
m iss ion  i s  e s p e c i a l l y  e v i d e n t .  

1976 
(avg year) 
destroyer 

1 Total 1.165 hwrs ( I I 

1. Underway 
(average of 30 
ships 

a. Deployed 890 hwrs 

PHM-I 
(first year)' 

3. Distance 13.980 nmi Distance 14.958 nmi Distance 17.194 nmi 
traveled traveled traveled 

PHM-1 
9 month 
(SOCAL 
deployment) 

Undenvay 803 
hwrs 

2. Average 12 Ms" 18.6 kis 
underway 

I X .  T&E Lessons Learned 

Underway 965 
hours 

Average 17.8 kis 
undeway 
speed 

I n  r e t r o s p e c t ,  t h e  PHM-1 T&E program has 
p rov ided  some lessons t h a t  shou ld  be passed on 
t o  f u t u r e  t o t a l  s h i p  t e s t  programs. 

F i r s t  and foremost  i s  t h e  need t o  g e t  
right people  i n v o l v e d  e a r l y  so t h a t  t h e  number 
o f  s u r p r i s e s  and misunders tand ings can be kept  
smal l  as  t h e  t e s t  program beg ins .  

As was noted i n  t h e  t e s t  program concepts 
sec t i on ,  one o f  t h e  p r imary  f e a t u r e s  o f  t he  
PHM-1 T&E program i n v o l v e d  t h e  b r i n g i n g  
t o g e t h e r  o f  exper ienced people e a r l y  f o r  t e s t  
p l ann ing  n o t  o n l y  f o r  t h e  Navy b u t  a l s o  f o r  t he  
c o n t r a c t o r .  Th i s  a c t i o n  i s  cons idered t o  be 
one of  t he  ma jo r  s t r e n g t h s  o f  t h e  PHM program. 
The e a r l y  invo lvement  between t h e  development 
agency and OPTEVFOR (commencing i n  January 
1972) i n  t r i a l s  p l a n n i n g  and o b j e c t i v e  s e t t i n g  
a1 so proved i n v a l u a b l e  d e s p i t e  t h e  ex tens i ve  
n e g o t i a t i o n s  r e q u i r e d  t o  e s t a b l i s h  t h e  f i r s t  
t o t a l  s h i p  implementa t ion  o f  DOD I n s t r u c t i o n  
5000.1. Concurrence i n  bounding t h e  amount o f  
t e s t i n g  and e l i m i n a t i n g  redundant t e s t i n g  d u r i n g  
t h e  OPEVAL was a  key c o s t  sav ing.  The management 
suppor t  i n  secu r i ng  t e s t  ranges, f l e e t ,  and 
t a r g e t  s e r v i c e  p r i o r i t i e s  i s  another  key c o s t  
sav ing f u n c t i o n  o f  OPTEVFOR. 

The e a r l y  i n t e g r a t i o n  o f  t h e  p rospec t i ve  Navy 
crew members f o r  s h i p  o p e r a t i o n  and maintenance 
w i t h  t h e  c o n t r a c t o r ' s  t r i a l s  crew p rov ides  an 
impor tan t  and e f f e c t i v e  hands-on t r a i n i n g  
program, e a r l y  o p e r a t i o n a l  v i ewpo in t  feedback i n t o  
t he  c o r r e c t i o n  o f  de fec t s  and t h e  p r o d u c t i o n  
des ign,  as w e l l  as a  s i g n i f i c a n t  o p e r a t i n g  c o s t  
sav ing.  The PHM-1 T&E program has demonstrated 
t h e  work a b i l i t y  o f  t h e  l e g a l ,  c o n t r a c t u a l ,  and 
procedura l  ayreements t o  p e r m i t  a  smooth i n t e -  
g r a t i o n  o f  Navy o p e r a t i o n  of a  c o n t r a c t o r  owned 
s h i p .  

The second area i s  t h e  need t o  s e t  t h e  r i g h t  
t e s t  o b j e c t i v e s  f o r  those h i g h  power l e v e l  
components t h a t  r e p r e s e n t  s i g n i f i c a n t  s c a l i n g  up 
o f  a l r e a d y  e x i s t i n g  hardware. The l a r g e  



u n c e r t a i n t i e s  f o r  t hese  scaled-up components 
shou ld  be f r a n k l y  recogn i zed  and t e s t  requ i rements  
e s t a b l i s h e d  t o  reduce these  u n c e r t a i n t i e s  e a r l y  
i n  t h e  t e s t  program. R i s k  a n a l y s i s  shou ld  be 
made a v a i l a b l e  t o  t h e  d e c i s i o n  process c o n t r o l l i n g  
such t e s t  programs. However, w i t h o u t  understand- 
i n g  b y  r e v i e w  a u t h o r i t i e s  t h a t  such a  c o n s e r v a t i v e  
approach i s  necessary  i n  e s t a b l i s h i n g  a  thorough 
t e s t  program, a  program c o u l d  be forced ill- 
a d v i s e d l y  i n t o  r e f l e c t i n g  even we l l - f ounded  
opt imism i n t o  inadequate  t e s t  programs. F o r  
example, t h e  PHM-1 t e s t  program p r o v i d e s  c l e a r  
ev idence t h a t  t h e r e  i s  no e f f e c t i v e  s u b s t i t u t e  f o r  
e x t e n s i v e  t e s t i n g  o f  " f i r s t  a r t i c l e "  h i g h  power 
gearboxes. 

, Another  i m p o r t a n t  q u e s t i o n  f o r  t e s t  programs 
o f  h i g h  power componenJs i s  t he  t r a d e - o f f  between 
l a n d  based t e s t i n g  and sh ipboard  t e s t i n g .  The 
r i s k  o f  b u i l d i n g  an e f f e c t i v e  l a n d  based t e s t  s i t e  
f o r  l a r g e  component t e s t i n g  shou ld  be c a r e f u l  1  y  
cons idered.  Many o f  t h e  developmental  problems 
and s o l u t i o n s  f o r  PHM-1 c o u l d  o n l y  have been 
d i scove red  th rough  a t -sea f u l l y  i n t e g r a t e d  t e s t i n g .  
The a r t i f i c i a l i t i e s  o f  t h e  l a n d  based t e s t  s i t e  
and d i f f i c u l t i e s  w i t h  i t s  c o n s t r u c t i o n  can 
r e p r e s e n t  l a r g e  schedu le  and f u n d i n g  r i s k s  and may 
i n t r o d u c e  s i t e  dependent problems w i t h  t he  t e s t  
a r t i c l e ,  a s  w e l l .  However, many component 
performance paramaters become d i f f i c u l t  t o  measure 
when i n t e g r a t e d  i n t o  t h e  t o t a l  s h i p  t e s t  programs. 
Furthermore, many o f  t h e  extreme c o n d i t i o n s  a r e  
d i f f i c u l t  t o  t e s t  a t  sea, t hus  n e c e s s i t a t i n g  l a n d  
based t e s t i n g .  

There fore ,  a  ba lanced program may i n v o l v e  bo th  
s e l e c t i v e  performance and v e r i f i c a t i o n  and extreme 
c o n d i t i o n  t e s t i n g  a t  a  l a n d  based t e s t  s i t e  and 
e a r l y  i n t e g r a t i o n  t e s t i n g  a t  sea i n  t h e  r e a l  
environment.  

As t h e  t e s t  program u n f o l d s  and d i f f i c u l t i e s  
w i t h  component q u a l i f i c a t i o n  p rog ress  a r e  faced,  
d e c i s i o n s  r e g a r d i n g  con t i nued  component q u a l i f i c a -  
t i o n  t e s t i n g  versus a t -sea t e s t i n g  a r e  r e q u i r e d .  
I n  t he  .case o f  t h e  PHM program, t h e  d e c i s i o n  t o  
suppo r t  e a r l y  s h i p  l aunch  and s t a r t  o f  a t -sea PHM 
t e s t i n g  was t h e  key t o  a  f u l l  unders tand ing o f  t he  
main p r o p u l s i o n  system problems, as  w e l l  as  
e a r l i e s t  comp le t i on  o f  o t h e r  v i t a l  t e s t i n g  and 
prob lem r e s o l u t i o n  r e q u i r e d  f o r  t h e  p r o d u c t i o n  
d e c i s i o n .  

The third area i s  a  c o l l e c t i o n  o f  lessons 
r e l a t e d  t o  t h e  fo rmal  t u r n  ove r  o f  t h e  t e s t  s h i p  
f o r  OPERATIONAL EVALIJATION (OPEVAL). 

I n  o r d e r  t o  b u i l d  t h e  r e q u i s i t e  mutual  c o n f i -  
dence i n  t h e  s h i p  by  crew, program manager, and 
OPNAV sponsor, a  t e s t  program w i t h  s u f f i c i e n t  
budget and schedule i s  r e q u i r e d .  I t  i s  f e l t  
t h a t  t h e  app rox ima te l y  1,000 hours  o f  underway 
o p e r a t i o n s  r e q u i r e d  t o  c e r t i f y  PHM read iness  f o r  
OPEVAL a r e  r e p r e s e n t a t i v e  o f  requ i rements  f o r  
f u t u r e  advanced s h i p  t y p e s ' o f  s i m i l a r  t e c h n i c a l  
m a t u r i t y .  The 1,000 hours can be ach ieved i n  
app rox ima te l y  15 months p r o v i d e d  the  necessary 
suppo r t  i tems a r e  w e l l  p lanned. 

The o b j e c t i v e  o f  t h e  OPEVAL must be w e l l  
unders tood b e f o r e  a  d e c l a r a t i o n  o f  r ead iness  f o r  
t h e  OPEVAL can be e s t a b l i s h e d  by t h e  program. 
I f ,  f o r  example, t h e  o b j e c t i v e s  i n c l u d e  s e l f -  
sus ta ined  o p e r a t i o n a l  m i s s i o n  demonst ra t ions ,  

then such s e l f - s u s t a i n e d  ope ra t i ons  must be 
demonstrated t o  t h e  program manager 's 
s a t i s f a c t i o n  be fo re  OPEVAL read iness  i s  c e r t i f i e d .  
Test  p l a n n i n g  shou ld  rese rve  adequate schedule 
and fund ing  budgets f o r  these read iness 
demonst ra t ions .  

Recogn iz ing t h e  Navy-wide a t t e n t i o n  focused 
upon such i s s u e s  as OPEVAL read iness  c e r t i f i c a -  
t i o n ,  i t  i s  a l s o  i m p o r t a n t  t o  have a p p r o p r i a t e  
procedures f o r  approach ing such a  m i l es tone .  
The PHM-1 read iness  c e r t i f i c a t i o n  was s u c c e s s f u l l y  
hand led by  an i n c r e a s i n g l y  fo rmal  process s t a r t i n g  
w i t h  i n f o r m a l  d i scuss ions  60 days p r i o r ,  d r a f t  
c e r t i f i c a t i o n  30 days p r i o r ,  c e r t i f i c a t i o n  l e t t e r  
14 days p r i o r ,  and an on-scene formal  rev iew  w i t h  
c o n f i r m i n g  message 7  days p r i o r  t o  commencement 
o f  OPEVAL. 

The ma jo r  l o g i s t i c s  suppo r t  e lement e s s e n t i a l  
t o  PHM success was t h e  a v a i l a b i l i t y  o f  whole 
subsystem replacement u n i t s  t h a t  p e r m i t t e d  
con t i nued  s h i p  o p e r a t i o n  w h i l e  f a i l u r e  a n a l y s i s  
and m o d i f i c a t i o n s  were be ing  made. The access i -  
b i l i t y  f o r  removal o f  ma jo r  components designed 
i n t o  PHM, i l l u s t r a t e d  i n  F i g u r e  10, was an 
i m p o r t a n t  f e a t u r e  t h a t  secured t h e  demonstrated 
h i g h  a v a i l a b i l i t y  o f  t h e  PHM f o r  t e s t i n g .  I n  
t he  case o f  the  PHM program, a l t hough  t h e  
s p e c i f i c  use o f  PHM-2 as a  redundant system and 
program assurance d e v i c e  was n o t  p o s s i b l e  as 
planned, i t s  systems spares and back-up p a r t s  
use f o r  PHM-1 served the  program i n  e s s e n t i a l l y  
t h a t  f a s h i o n  and proved v i t a l  t o  t h e  program's  
success. 

X. Conc lus ions 

The DSARC process, as i t  became unders tood 
i n  t he  e a r l y  1970s, showed p rospec ts  o f  improved 
c o n t r o l  on a c q u i s i t i o n  d e c i s i o n  making based upon 
a c t u a l  t e s t  r e s u l t  m i l es tones .  I t  o f f e r e d  t h e  
p o t e n t i a l  b e n e f i t  o f  improved s t a b i l i t y  t o  
program development. Based upon e a r l y  program 
m i l e s t o n e  d e c i s i o n s  and t h e  c o n v i c t i o n s  presumably 
represented,  i t  c o u l d  be a n t i c i p a t e d  t h a t  s u f f i c -  
i e n t  d i s c i p l i n e  would a p p l y  t o  s u s t a i n i n g  
programs through a t t a i n m e n t  o f  t h e i r  nex t  p lanned 
m i l e s t o n e ( s ) .  The q u e s t i o n  now e x i s t s ,  "How has 
DODI 5000.1 and t h e  DSARC process a f f e c t e d  s h i p  
a c q u i s i t i o n  programs such as  PHM?" I n  t h e  case 
o f  PHM, the  f o l l o w i n g  conc lus ions  can be drawn: 

1. B u i l d i n g  and t e s t i n g  e n t i r e  l e a d  sh ips  
and i n t e g r a t e d  weapons systems under RDT&E 
fund ing  (one o f  t h e  implement ing  f e a t u r e s  o f  
DODI 5000.1 ) i s  a  n e a r l y  unworkable concept.  The 
requ i rement  t o  depend upon annual  a p p r o p r i a t i o n s  
ove r  t h e  l i f e  o f  t h e  design, c o n s t r u c t i o n  and 
t e s t  program, and t h e  r e s u l t a n t  p lann ing,  
programming, and con t i nued  defense e f f o r t  r e q u i r e s  
i n o r d i n a t e  p re -occupa t i on  o f  t h e  program manager 's 
resources and energy.  T h i s  i s  v e r y  d e b i l i t a t i n g  
t o  t h e  o v e r a l l  e f f e c t i v e n e s s  o f  h i s  f i n a n c i a l  
p l a n n i n g  and management. RDT&E a p p r o p r i a t i o n s ,  
when enacted, remain  p a r t i c u l a r l y  s u b j e c t  t o  
l i m i t e d  appor t ionment ,  c o n d i t i o n a l  r e l ease ,  and 
reprogramming t o  o t h e r  programs. Changes i n  
fund ing requ i remen ts  a r e  a lmos t  imposs ib le  t o  
execute  i n  any reasonab le  t ime  frame, and any 
annual reprogramming i n  excess o f  $2M ( a  ve ry  
smal l  p e r c e n t  o f  annual  expend i t u re  r a t e )  
r e q u i r e s  approva l  o f  t he  f o u r  major  congress iona l  
commit tees (Armed Se rv i ces  and A p p r o p r i a t i o n s ) .  
The conc lus ion  drawn i s  t h a t  RDT&E fund ing  



shou ld  be l i m i t e d  t o  Phase I l e v e l s  o f  design, 
systems development, and q u a l i f i c a t i o n  aspects  o f  
s h i p  deve lop~ l ien t  o n l y ,  and t h a t  s h i p  c o n s t r u c t i o n  
and t e s t i n g  shou ld  be SCN funded. 

2 .  The extended d u r a t i o n  o f  a  "drawing board 
t o  t e s t  comp le t i on "  l e a d  s h i p  program i s  so g r e a t  
t h a t  i t  becomes s u b j e c t  t o  extreme v a r i a t i o n s  i n  
p o l i t i c a l  suppo r t .  W i th  changes eve ry  t h r e e  o r  so 
yea rs  i n  t h e  DOD and Navy S e c r e t a r i a t ,  t h e  CNO and 
n e a r l y  a l l  t h e  s u p p o r t i n g  s t a f f  p o s i t i o n s ,  a  
prograni can b low f rom h o t  t o  c o l d  between DSARC 
m i l es tones .  Thus, t h e  PHM f o l l o w  s h i p  program has 
shrunk f rom 28 s h i p s  t o  5 sh ips ;  and a t  one p o i n t  
d u r i n g  t h e  PHM OPEVAL, a  key t e s t  a c t i v i t y  toward 
wh ich  t h e  Navy had been p o i n t i n g  f o r  o v e r  f o u r  
years ,  t h e  House A p p r o p r i a t i o n s  Committee a c t u a l l y  
c u t  o u t  a l l  PHM f o l l o w  s h i p s  f r om p r i o r  y e a r  
a p p r o p r i a t i o n s  ! 

3.  The PHM f o l l o w  s h i p s  w i l l  d e f i n i t e l y  
b e n e f i t  i n  r e l i a b i  1  i t y  f r o m  t h e  e x t e n s i v e  t e s t i n g  
and prob lem r e s o l u t i o n  e f f o r t  per formed on PHM-1, 
e s p e c i a l l y  i n  t he  main p r o p u l s i o n  system. I n  
a d d i t i o n ,  t h e  acconlpl i shment  o f  p roduc i  b i  1  i t y  
des ign  improvements subsequent t o  comp le t i on  o f  
PHM-1 has a l s o  reduced t h e  p r o j e c t e d  c o s t s  o f  
f o l l o w  sh ips .  However, t h e r e  has been s i g n i f i c a n t  

c o s t  i n c r e a s e  t o  t h e  f o l l o w  s h i p  program caused by 
t h e  d e f e r r a l  o f  o r d e r i n g  any f o l l o w  procurement 
u n t i l  comp le t i on  o f  a l l  l e a d  s h i p  IOT&E t e s t i n g .  
Desp i t e  t h e  exhaus t i ve  v a l i d a t i o n  t e s t  e f f o r t ,  
however, p r o d u c t i o n  s h i p  performance and opera- 
t i o n a l  c h a r a c t e r i s t i c s  have n o t  been s i g n i f i c a n t l y  
a f f e c t e d  by t h e  extended l e a d  s h i p  t e s t  program. 

4. The ex tens ion  o f  t ime  assoc ia ted  w i t h  
e x h a u s t i v e  r e s o l u t i o n  o f  p rob le~ l is  has ~ilade i t  ve ry  
d i f f i c u l t  t o  c o o r d i n a t e  t h e  i n t e r e s t s  o f  o t h e r  
p a r t i c i p a t i n g  governments, i n  t h e  case o f  PHM. 
Nonrecu r r i ng  c o s t  shares have con t i nued  t o  increase,  
and t o p  l e v e l  dec i s i ons  i n  t he  o t h e r  governments 
have been de layed and compl ica ted by t h e  same 
chang ing p o l i t i c a l  f a c t o r s  t h a t  have a f f e c t e d  t h e  
U.S .  prograni. F i n a l l y ,  t he  r e q u i  rentent t o  design, 
b u i l d ,  and o p e r a t i o n a l l y  t e s t  one PHM s h i p  p r i o r  
t o  o r d e r i n g  even l o n g  l e a d  m a t e r i a l s  f o r  f o l l o w  
sh ips  has p laced  about  a  f o u r - y e a r  ex tens ion  i n t o  
t h e  a v a i l a b i l i t y  o f  PHM s h i p s  t o  t h e  f l e e t .  The 
U.S. Navy has demonstrated tho rough l y  t h e  1971 
techno logy upon which t h e  program was under- 
taken. Yet,  i t  w i l l  be 1982 be fo re  t h e  U.S. Navy 
has i t s  f i r s t  s i x - s h i p  squadron o f  PHMs. When t h e  
p r o d u c t i o n  c o n t r a c t  i s  awarded, t h e  c o n t r a c t o r  
w i l l  have t o  comp le te l y  r e t r a i n  about 95 pe rcen t  
o f  h i s  p r o d u c t i o n  f o r c e ,  t h e  l e a d  s h i p  p r o d u c t i o n  

Figure 2% Rough Water Trials 



personnel hev iiig been reledsed t o  o ther  progranls 
o r  l a i d  o f f  over- two years  ago. While t h e r e  i s  no 
basis  f o r  doubting necessi ty  of the  basic  DSARC 
concept, the t i ~ n e ,  c o s t ,  dnd f l e e t  modernization 
pena l t i es  t h a t  we a r e  now paying f o r  the cur ren t  
 neth hod of imp1 enlentation appear t o  be excessive.  
There must be a b e t t e r  method of assuring 
re1 i a b i l  i t y  and operat ional  u t i l i t y  of new sh ip  
weapons systems. 

From the  PHM experience of t ry ing  t o  i n t e r p r e t  
the DSARC process f o r  a  t o t a l  ship prograni f o r  
the  f i r s t  tjrne, some a l t e r n a t e  approaches seem 
apparent .  Since t o t a l  ship programs have 
r e l a t i v e l y  small nu~ribers of u n i t s  with f a i r l y  
l a rge  u n i t  c o s t s ,  the " a l l  o r  nothing" s tep  
a t  DSARC 111 may be too l a r g e  a t r a n s i e n t  f o r  
the  acquis i t ion  systein t o  be ab le  t o  accommodate 
and a f ford .  I t  may be necessary on such la rge  
decis ions t o  break t h i s  s tep  into two s t e p s .  
Such an approach would refocus the ob jec t ive  
of IOT&E to provide the t e s t  base of only the 
key systenis t h d t  d r ive  the e f fec t iveness  of 
t h e  ship and provide the bas i s  f o r  DSARC 
re lease  of long lead productlon procurement. 
This appt-oach would concentrate  the IOTRE 
resources oil  the  elements t h a t  a r e  c r i t i c a l  
f o r  a  production decis ion and leave the 

refinement and grooniing of the reiiiai rider f o r  
a  follow on t e s t  and evaluat ion ( F O T & E )  
progrant. FOT&E would then no longer be an 
open ended program but r a t h e r  would conceri- 
t r a t e  on much of the  refinement of evaluat ion 
and design modification necessary for  the 
f i n a l  production design and s t a r t  of 
construct ion.  Such a  procedure could save two 
years  and associated cos t s  i n  the production 
of f o l l o r ~  ships.  In cases where la rge  numbers 
of u n i t s  may be involved, a  p i l o t  l i n e  
production decis ion,  such a s  i s  employed in 
missi l e s  and a i r c r a f t  acquis i t ion  programs, 
could be employed. There a re  undoubtedly 
o ther  a l t e r n a t i v e s .  The challenge before us 
i s  t o  f ind  some d i sc ip l ined  process t h a t  
provides the f l e e t  with a  timely capabi l i ty  
to  meet i t s  commitments. 

PEGASUS wil l  soon join the f l e e t .  The 
planned 30-day O P E V A L  was completed in  32 days 
in May and June 1976. The O P T E V F O R  R E P O R T  i s  
in preparation f o r  the  production decision 
process. A very successful rough water t r i a l s  
program in design sea s t a t e  (Figure 2 0 )  was 
con~pleted i n  June 1976. Rough water uata i s  
being reduced and wi l l  be reported in the 
fu ture .  

Figure 20b. Rough Water Trials 


