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AI3STRACT

This report summarizes research conducted since 1959 for the ~\avy

Ship Systems Command,under Contracts NObsr 89004 and N00024—68—C—1077 
- --

~~~~~~~~~~

.

and the successor Contract N00024—69—C—1123.

In the genera l area of improv ing  the r e l i a b i l i t y  of sonar t ransducers ,

t h ree s p e c i f i c  problem a rea s have  been attacked : transducer improvement ,

main t enance  eng i ne e r i n g,  and test  and ,evalua t ion .

Under t r ansduce r  improvement we have studied d~ tai1s of corona and
I ~~arc breakdown , and have developed a mechan ica l  semide’~ t ruc t ive  procedure

for loca t ing  weak ceramic r ings . Fai led t ransducers  have been s tudied ,

and recommendations made for design improvement.

Maintenance engineering has been concerned with determining and im—

proving acoustical and equipment limitations of transducer repair facil-

ities (TRFs). A possible site for a test facility at Bodega Head has

been studied t h o r o u g h l y .  The test facilities at  a l l  Tiffs have been

~~ u iua te d  and recommendat ions  have been made for  improvement and u l t ima te

st a l l d a rdi  z u t i u n .

The test  and e v a l u a t i o n  problem has resulted in an o u t l i n e  of the

var .~ous tests tha t  are or will be required . The concept and detailed

research p lan  have been developed for  a device  for  the automated prognosis

and d i agnost s  of  sonar t ransducer  opera t ing  condi t ion  (PAD STOC) .

A ppend ix  A l i s t s  repor ts  generated as part  of the above e f f o r t . I n

A pp end ix  B the f u n d i n g  for d i r e c t  and con t r i bu to ry  con t r ac t s  is g iven .

A p p en d ix  C i n d i c a t e s  the  effort in man—years , f u n d i n g  for  th i s  e f f o r t ,

11
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INTR ODUCTION

The ocean is an impersonally hostile environment in which man or

n I ach i n c  attemp ts to operate. The history 0 ’ the Navy  is in large pa rt

the story of r e s t r a in ing  t h i s  env i ronment  and con t ro l l ing  i ts  e f f e c t s .

Among the lessons learned is that any specific problem cannot be con-

sidered apar t  from others . Too many system failures have occurred

because some seemingly unimportant aspedt of the environment was not

considered .

In the light of the above remarks , this final report presents some-

what more than a statement of activity under the subject contract since

the last report . It is a summary , a synthesis of all contract activities ,

plus reference to related studies that have contributed to an enriched

unders t and ing  of the problems under investigation .

The presenta t ion is based on area s of d i f f i c u l t y  associated wi th

t r ansduce r  test , evaluat ion , maintenance , and improvement . The pert inent

contracts are noted where appropriate.

;
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SUMMARIES OF PROGRA M AND RE LATED SRI EFFORT

Work by SRI has been in two large related programs : transducer

improvement , and tra nsducer main tenance  engineering, test , and evaluation .

In Tables 1 and 2 below we list the activities in each program area , to-

ge t her w i t h  the corresponding SRI e f f o r t s .  In the body of the report we

note these additional contributions in summarized form , with reference

to reports where detail may be found . Table 3 lists the problem areas

in which SRI has been active . The resul ts of thi s SRI ac ti v ity have been

or can be applied directly to each aspect of the life cycle (mission pro-

file) of a sonar system .

Table 1

TRANSDUCER I MPROVEMENT

Program Act ivities Areas of SRI Effort

Study failed transducers Failure analysis

Determ ine causes of fa ilure Shock , corona , ceram ics , coupl ing

Study design improvement Shock , corona , ceramics , coupl ing

Write manufacturing specifications Shock , corona , ceram ics , coupl ing

2 
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Table 2

TRANSDUCER MAINTENANCE AND TEST/E VALUATION ENGINEERING

Determine Maintenance/Repair Perform work at Naval shipyards at

Fa cility Status , and Capabilities Portsmouth , N.H., Boston , Norfolk ,
Char les ton , San Diego , San Fran-
cisco , Pu ge t Sound , Pearl Harbor ,
St udy Bodega Head s i t e .
Measur e  u n d e r w a t e r  env i ronmen t ,
including boundary reflectivity
and amb ien t  noise a t  selected fa-
cilities .

Dete rmine  Needs of Ideal M/R Participate in STEP, MART Commit—
Facility tee activities . Provide engineer-

ing coordination .

Devise  T e s t/ Ev a l u a t i o n/ D i a g n o s t i c  Devise bench t e s t s
Equ ipmen t  W r i t e  T&E specifications

Develop PADSTOC concepts.

Perform Bench Tests Use devices/procedures developed
for purpose.

Perform Repair Select corona—resistant insulation ,
coatings , p rocedure s, couplan ts. t .

V e r i f y  R e s t o r a t i o n  of Spec i f ied  Use reverbe r a t i o n  t ank  t echnique
Performance Use recommendations from surveys.

Restore  Sys tem E v a l u a t i o n  Provide  e n g i n e e r i n g  a s s i s t ance.

1~~ 3
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‘fable 3

SRI AC’I’IVITY IN
PROBLE M AREAS OF LIFE CYCLE (Mission Profile)

Transducer

Step Problem Areas

Develop specification Corona , electrical shock , gas filling,
mechanical shock , moisture resistance , test
and evaluation specification

Select raw materials Adhesives , ceramics , coatings , couplants ,
elastorners , insulation , pressure release ,
tension rod’

Fabricate subassemblies In—process tests

Assemble Acoustic holography

Make shipment Effects of altitude , temperature , rough
handling

St ore Effects of temperature , sun , wa ter

Install Nearfield/farfield correlations

Use , monitor Simplified PADSTOC on board

Maintain , repair Full PAUSTOC at TRF
Reverberation tank evaluation

Rcus~ Analysis of failed elements

.

~
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Table 3 (continued)

Allied Components

Component Problem Areas

Transmitter Sailor—proof power settings , spark gap
protection against overvoltage from ex-
plosive attack

Scanning Sv.iteh Clean room techniques

Domes Antifoul ing , elas tomers , clean wa ter fill-
ing

Signal processing Synthetic si gnals to test system
Synthetic aperture techniques

5
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I n t h i s  s c c t i( It ~e d i s c u s s  r e sea r ch  tha t preceded and led to the

present  e f f o r t .  The i n i t i a l  re search  was done u n d e r  contract Nonr 3049(00),

i n  w h i c h  we conduc ted  in 1959 a stud ~ on n e a r f i el d/ f a r f i e l d  t r a n s d u c e r

r ad i a t i o n  p a t t e r n  r e l a t i o n s .  Va r iou s a n a ly t i c a l  and exper imenta l approaches

were evaluated and some were selected for further investi gation at SRI .

I n  1961 art SRi project t ea m  was ~ ct up under contract N onr 2332( oo)
to advise tile I’ . ~~~~. N a y  on i ts  broad research  program , and to recommend

roles b r  t i te sever a l  B u S hip s  l a b o r a t o r i e s .  The project team office was

in  the t h e n )  13u reau of Sb ips . From t h i s  s t u d y  we g a in e d  v a l u a b l e  Inst  ghts

into the systems aspects ol p rob lems  associated with a wide variety of

naval operations. The research was one of the severa l tasks assi gned to

t hi s contract by tile Office ci the Chief of Naval Operations and the Of—

l ic e  of Naval Research . Other tasks included a study of radiated noise

v e r s u s  detection capabilities , and use of r ivers  as a sound channel  for

detecting low flying aircraft.

Of more specific use  in transducer problems was later work under

L contract N onr  3049(00) , in which nearfield farfield relations were studied .

In a comparison of Trott array and Helmholtz—Kirchhoff integra l techniques

for processing data used obtaining these relations , it was concluded that

both p roc e d u res  were f u n d a m e n t a l l y  much the same . Indeed , it is not too

much  of a s i m p l i f i c a t ion  to s t a t e  t h a t  the Trott  a r ra y procedure  uses

ana log  data—processing t echn iques , whereas the 1 1—K integral employs

d i gi t a l  c a l c u l a t i o n s .  The genera l study concluded in a report by

1, Picker et al. issued November 1961.

6
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One of  t he  general results of the  ~,ttt d y was recognition of the need

for r a p i d l y d e t e r m i n i ng  t h e  p e r f o rm a n c e  of  t r a n s d u c e r s .  One sped tic

need was to measu re  t h e  t o t a l  power r a d i a t e d  I ron a t r a n s d u c e r  In to  a

tank too small to provide directi vity pattern and outpu t power by pulse

measurement  t e c h n i q u e s .  We suggested u s i n g  a r everbera t ion  t ank  procedure

to suppl y the analog of integrating over the  pattern to get tota l sound

rad ia ted . This concept was i nves t iga t ed  under  con t r ac t  NObsr89004 . The

approach used the fac t  that , to de termine  power by a reverberant tank

technique , two pieces of experimental information are needed : the space

ave rage stead y—s t a t e  sound pressure level , and the ra te  of decay  of level

alter the  t r a n s d u c e r  is turned off. For this purpose a phase coincidence

m e t h o d  was adapted from aerial acoustics to obtain decay rate , in this

m e t h o d  the t r ansducer  and h ydrophone a re  kept a cons tan t  d is tance  apa r t ,

and the s i g n a l  f r e q u e n c y  is s lowly  changed . From the number of phase

c oin c i d e n c e s  per u n i t  f r e q u e n c y  in te rva l between the input  e lec t r ica l

sig nal  and the  received acous t i c  s igna l , the decay ra te can be ca lcu la ted .

The scheme is u s e f u l  in c a l c u l a t i n g  t o t a l  a cous t i c a l  ou tpu t  (and  hence

e f f i c i e n c y;  for  t r ansducers  h a v i n g  app rec i ab l e  bandwid th . To avoid

u n a c c e p t a ble  change in r a d i a t i o n  impedance , the ra t io  ci t ank  to t rans—

ducer  d i ame te r  shou ld be grea te r  t h a n  3. The cost of the  test  tank

f a c i l i t y  used was shared between SRI and the Navy . The r e su l t s  of the

s tu d i e s  were s u m m a r i z e d  in a f i n a l  report  by E .  M .  S p u rlo c k .

I n  c o n t r a c t  N0bsr86699 , t r a n s d u c e r  exper ience  was used in i n v e s t i—

. ;at i f lg  a u t o m a t i ca l ly  h a r d e n i ng  so lt  m o u n t s  fo r  nava l vessel  machinery .

The concept s tud ied  was tha t  of  u s i ng  tile charge developed by a ceramic

t r a n s d u c e r  d u r i n g  un d e r w a t e r  exp los i ve  attack to actuate means  of c l amping

m a c i t t  t~c r y  in p o s i t i o n  during passage of the explosive shock wave . Without

such c l a m p i n g ,  so f t  mounted  m a c h i n e r y  r equ i res  c o n s i d e r a b l e  r a t t l e  space

to a v ’ i t i  d amag ing  i mpact  w i t h  h u l l  and other machines . The c l amping

L .
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d e vi ce s  stu d  ( L i i  iottl&i r educe  t h e  r a t t l e  space in  add i t ion  to s t r e n g t h e n i n g

moun t s  w h i c h  o t h e r w i s e  nr igb t  I r a c t u r t ’  (iue to sho ck e x c i t a t i o n .

F u r t h e r  contributions to tite e n r i c h m e n t  of transducer improvement

and maintenance  research have come f rom th ree  add i t iona l sources. The

I n s t i t u t e  is a member  of the N a t i o n a l Secur i ty  I n d u s t r i a l  Assoc ia t ion .

Dr.  Salmon of SRI is a member of t h e i r  Ant i submar ine  War fa re  Advisory

Commit tee , and a t t ends  Navy b r i e f i n g s .  For secur i ty  purposes he is a

Class C c o n s u l t a n t , and receives appropriate documents . Dr. Salmon has

also been appointed by the N a t i o n a l  Academy of Sciences to i ts  Panel

on Submarine Noise Measurement , which is work ing  th rough  the Committee

on l~ndersea Warfare . A t h i rd  en r i chmen t-  of the t ransducer  research

came f rom con t rac t s  Nonr  3947(00) and N000l4—67—C—0182, for the Nava l

Shi p Research and Development Cen te r .  The proper t ies  of the near and

f a r fi e l d s  of incoherent  no i se  r a d i a t o r s  were studied and an in te r im

technical report issued .~
’ It offers means for predicting the space—

average field near the transducer. .~~ f i n al  report has  j u s t  been issued .

(.
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TRANSDUCER IMPR OVEMENT RESEARCH

Fol low—o n s tud i e s  under  N0bsr89004 fo r  the  110w) N a v a l  Ship  Systems

Command inc lude  a v a r i e t y  of t asks  d e a l i n g  w i t h  sonar  t r ansducer  perfor-

mance evaluations , improvement , and maintenance. Further tasks were

added under  Contract N00021—68—C—1077 and its most recent continuation ,

N0 0 02 4—69 —C —l1 23 .  The tasks  may  be c l a s s i f i e d  under  the  headings of

t r a n s d u c e r  improvement , m a i n t e n a n c e  e ng i n e e r i n g,  and t e s t  ‘eva lua t ion :

Transducer  Ma in t enance  Test and
Improvement  Eng ineer ing  E v a l u a t i o n

F a i l u r e  ana l ys is  E n v i r o n m e n t a l  s u r v e y s  Test s p e c i f i c a t i o n s

Corona F a c i l i t i e s  surve ys PADSTOC K

Shock Cou p l a n t s

Ceramics Bodega Head

MA RT STEP

A continuing analysis of the  causes of t r ansduce r  f a i lu res  is being

c o n d u c t e d  as f a i l e d  e lements  become a v a i l a b l e  to SRI . This  program has

Iwo ch ie f  a i m s .  The f i r s t  i s  to a t t e m p t  to corre la te  the r e su l t s  of ex-

t e r n a l  e l e c t ri c a l  measu rements wi th the  actua l i n t e r n a l  phys ica l  con—

d i  li o n  of the  t r a n s d u c e r  e l e m e n t s  w i t h  s u f f i c i e n t  da ta  on the previous

m i s s  i o n  p r o f i l e , i t  m a y  a lso  be possible to r e c o n s t r u c t  the f a i l u r e

it is tory) . Ii suffic lent correlations are found , then tile second and

long—rang e ) goa l of p r o v i d i n g  data  i n p u t s  for  use in a transducer oper-

ating condition evaluation system (such as PADSTOC) will be satisifed .

9
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In  a more m mcd l at e  sense  , resu it s  c i  the  a n a ly s i s  can b~ used directly

to improve  t h e  c o n s t r u c t  con , u se , a n d  l’cpa i r of existing transducers.

Transduce r  f a t  l u r e  m e c h a n i s m s  are  being  a n a l y z e d  a t  SRI th rough  the

use of s t andard  l abo ra to ry  e l e c t r i c a l  methods  a t  both h igh  and low inpu t

l e v e l s , t h r o u g h  an a lys i s  of samp les 1 i n t e rna l gas content  by mass spec—

tr oscopy  and gas c h r o m a t o g r a p h y  t e c h n i q u e s , and by v i s u a l  examina t ion  and

e l e c t r i c a l  measurement  of c o m p o n e n t s  a f t e r  open ing .  Until October 1968 ,

t i le  number  of t r a n s d u c e r  units av a i l a b l e  for  inspec t ion  was too smal l

Ic r  sta t i s t i c a l ly u s e f u l  da t a  . i i el l c e  p r e l i m i n a r y  i n f o r m a t i o n  on f i n d i n g s

has  been t r a n s m i t t e d  b y l e t t e r .  The impor tance  of t ens ion  rod desi gn has

been noted : i t  should  be cons t ruc t ed  of f a t i g u e — r e s i s t a n t  steel , and

t i l C  sc rew t h r e a d s  should  have rounded bot toms to avoid stress r i se r s .

E l e c t r i c a l  b r eakdown is  common , and r equ i r e s  propel ’ m a t e r i a l s  and con-

s t r u c t i o n  t e c h n i q u e s  for  c o a t i n g s , i n s u l a t i o n , and avo idance  of sharp

edges ; such t e chn iques  arc common i n  h i g h — v o l t a g e  en g i n e e r i n g .

Tile des ign  of b r e a k d o w n — r e s i s t a n t  ceramic  t r ansducer s  requires  t ha t

degrada t ion produced by corona be s m a l l  enough in s i d e  tile enclosed element

to p e r m i t  a t  least  a f i v e — y e a r  l i f e . At  present  i t  is not  possible to
II

sped i v  t i l ls  l i m i t i n g  a m o u n t  ( I f  corona w i t h o u t  sonte b a s i c  r e s e a r c h .

4 A c c or d i n g l y ,  p resen t  t r a n s d u cer  im p r ov e m e n t  e f f o r t s  a re  devoted  to e l i n t i n a —

1. I l ( I I  or  corona and c f  fee  is . Tb ccc i i j~v~ of a t t a ( ’  k a r e  reeomj nended

I ) e l i m i n a t i o n  ~ f a l l  sharp  or sma ] 1 — r a d i u s  c o n d u c t o r s  as  solder  p o i n t s

2 use  of c o r o n a — r e s i s t a n t  c o a t i ng s  ove r  a c t i ve  c e r a m i c -  m a t e r i a l s  i f l  the

t r a n sdu cer  e l e m e n t  and ~) use ol  i n s u l a t i o n  ( a s  s i I i cones  and “Ka pton ”

th u  t t ’~~ s i st s  corol la  and  I las  r* - lil t iv , ,  1 y i i ter t  deg r ad a  t ion  produc ts  . Dc—

1:1 I led I l l  f o r m a t  iOn a pp~’a I S  ~ fl t h  i.c’c Sit nIn a r v  Rcpo I t s  , ‘ ‘ and i n

SRI let ter  ( I f  13 Decembe r 19(i8 t . M o re , 1or~ ard jug a description of

a I c l Ic  ca l  1 flVt’S t 2 ga l i o n  p r o g r a m  on de~ 1 ~~ ll i n  a gui i t s  t c’ 1( 1  t r i a l  break—

‘ c  i t  i i  I i ’ansdt icc  l’s.
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C e r a m i c  t r a i l s d i i c ’ er  i ’ l e i t c ’i tt s  a r c  p a r t i c u l a r ly vulnerable to shock

f c r c c~ , t r a l l s v er s (  to t h e  a xI s  1 t he  e l e m e n t , because the large tail mass

i~~~ u : t l l t  t levered f r o m  t h e  i’ad j a t i n g  f a ce .  Suc il  shock call a r i s e  f rom u n d e r —

w a t e r  e x p l o s i v e  attack or from slamming of the vessel in heavy seas. At

SRI , s t u d i e s  on t i le  shock problem have S been concerned with the adequacy

and f i e l d s  of usefulness of the v a r io u s  underwater  shock s imu la t i on  de-

v i c e s  employed for  i n — p r o c e s s  and a cc ep t a n c e  t e s t i n g .  A general  conc lu—

sh In is  t h a t  there needs to be a r eassessment  01’ shock res i s tance  c r i t e r i a

fu r  t r a n s d u cer s  t h a t  show b r i t t l e  r a t her  t han  plastic f a i l u r e ; presentl y

Usc d s ca l i n g  l a w s  assume p la s t i c  f a i l u r e . At the (‘ ERD Por t smouth  f a c i l i ty

e x p l o s i v e  a t t a c k  is well  s i m u l a t e d . Howçver , we recommend t h a t  the  d c —

m c I it S  t e s t e d  should  be t er mmn a t e d  in norma l loads , to det e r m i n e  i f  t u e

sh o c k — g e n e r a t e d  voltages expected i n  service are  s u f f i c i e n t l y  h igh  to

ma ke t i le  c o n t r o l l i n g  e f f e c t  t h a t  of c a t a s t r o p h i c  vo l t a g e  breakdown r a t h e r

t i t a n  m e c h a n i c a l  f a i  l u r e . These and o the r  conclus ions  are discussed in

S t t n tm ar y  R ports No . 3 - an d N c ) . 6. 1

‘F i t e  n i e c h a n i ’. a l  i n t e g r i ty  o f  the  le r roelec t r ic  r i n g s  used in c e r a m i c

tt’ a i is ( I i l cei’ s i s  v i t a l  to tile shock r e s i s t ance  u i  the  tI’alisducCr. The

Inst itute has developed a proo f test for similar rings , using rapidly

a p p l i ed  hyd ro sta t  ic pressure at the inner  r i n g  s u r f a c e .  In i t i a l  s tud ies ,

repor ted  orall y at the MA RT M a t er i a l s  Commit tee  mee t ings , have suggested

t h a t  such a proo f t es t  m i g h t  be used to cull weak rings f rom a production

r u n .  The research , con ducted by the Ceramics  P roces s ing  g roup  ill OUr

Ma ter’ials P r o c e s s i n g  and Eng ineei’ing L a b o r a t o r y ,  i s  c o n t i n u i n g  w i t h  a

l a m er  sample of r i n g s  to get s t a t i s t i c a l ly s ign i f i c a n t  r e s u l t s .

Common to all aspects of the t r a n s d u c e r  improvement  e f f o r t  is

partic ipation in t i le MART program and its operating committees. The

i n s t lt u t e  pl ays  an active role on these c o m m i t t e e s , and has  provided

t i et a  1 led e n g i n e e r i n g  a d v i c e  on a v a r i e t y  of spec i f t c  p r o b l e m s .

11
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S tLid it ’s t i n d e r  Ma l i t  f e in t  ode F .IIg 111cc 1.111 g have  been concerned w I til

tu e ii ities eva m a t  tol l , and ~ i t h  spec c U e  ma i nt e n a nc c  and repair problems .

Ski , in  coope r a t io n  v, i tii the A pplied Research La b o r a t o r y  (AR L of

t i le  L’ n i v e rs it y  let ’ Texa s at A u st i n , is currentl y conducting a survc~’ of

f a c i l i t i e s  and equipment for sonar  restoration , test , and evaluat ion at

all Naval Shipyards t’or the  Sona r Systems 0111cc ol NAVSHIPS . The pur—

post of the su rvey  is , after rca listicall ascertaining t u e  strengths

a ixi l i m i t a t i o n s  o f  s ll ipv ar d  e q uip m e n t  and personnel with respec t  to the

sonar  restoi’at non t’nv irunment , 11) recommend o p t im u m  methods , procedures

a i’t& I e(4u ipmeilt  to t .  U Sc’ i i i  the i’epa i r , iins ta 1 lat  ion , ti’s t , and eva m a t  non

of all c ’ontpc )nexl t equipment ( I f  s u r f a c e  and submarine shipboard sonar

sv~~tenis . It is hoped t h a t  s t a n d a r d i z e d  methods  can be dev i s e d  f u r  m a n y

01’ t i le  o p e r a t ion s  i n v o l v e d  and t h a t  s t an d a r d i zed  t e s t  e q u i p m e n t  can be

recommended . The end r e s u l t  is  to further as su re  the  q u a l i t y  of t i le

sonar system afloat , and to ensu re  that the performance of all sit ipyards

ivil I be equally dependable ~~ fl tilt’ h eld of sonar maintenance. A survey
U

of facilities at six stippl 1 e r,  of  sonar transducers was reported in

S u m m a r y  Repor t  N o .  8. There is considerable v a r i a t i o n  i n  cap abi ii ties

and competence , and standard tests such as those u s i n g  e q u i p m e n t  s i m i l a r

t o  that employed in the  Till” s t a n d a r d i z e d  evaluation con sole)  a re  b a d l y

needed

Environmental m e a s u r e m e n t s  of  f a c i l i t i e s  to be used for the under-

water eva lti a li on  o h  sona r t r a i t sdu  c&’r s ha ye been conduc ted for  the Sonar

Systems 01 ft cc’ . The principa l measurements have been concerned WI til tile

ac( ’us  tic absorpt 1 ) 1 1 1  and reflection characteristics 01 the underwater

l x) t l i l c l c l r i e s  , and  the  l o n g — t e r m  spectra l d 1 st i ’i bu t ion  of  tile underwater

ambi e n t  a ccust .1 (’ n O I S e .  I n i t i a l  st u d i e s  were c o n d u c t e d  at the test tank

a t  San F ra n c i  see Ba y  N a v a l  Sit ip y a r d  , Vii lle ,io . L im i t a t i o n s  of ti le ta n k

led to a search for  bet tel’ s it e s  for c a l i i ) r a t l n n . An abandoned nuclear

12 
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‘t~~ t ( ’ L I I I ’  ~~~ 1 t loca ted at I ;u dcga h ead , Solionta C o u n t y ,  C a l i f o r n i a , a ppeared

most  p r o m is  t u g  as  a s i t e , and  cca~, eva luatcd by SRI for  i ts  underwate r

ac ’ ou st  Ic  b o u n dar y  r c l l c ’c t i v i  t y  c har a ct e r i s t i c s  and ambient noise level.

T u e  r e s u l t s  of  t i le ev a l u a t i o n  were presented in Summary  Report No . 1 .~~~

D u r i n g  1967 , the A pp l ied  Research Laboratory of the  U n i v e r s i t y  of

I I X i1~~ , (ARL) and SRI collabora ted in an underwater acoustic environmental

s u r ve y of all transducer repair facility (TRF’
~ test si tes . This survey

sas  r eq u i r e d  to t’u r ni s h  bas ic  f a c i l i t y  e v a l u a t i o n  da t a  for  use in develop—

i ri g t h e  NAV S 1III ’S S t a n d a r d i z ed  ‘I’r an sdt i ce r  E v a l u a t i o n  Program ( STEP s fo r

N a v y  ship\ ’a l’ds. ‘l’lie r e c o m m e n d a t ion s  f o r  the Program had to be based on

realistic k n o w l e d g e  oh ’ the limitations as well as tile potentials of t ite’

available test sites. Computerized d a t a  r educ t ion  procedures were employed

by SR I for  tile r e d u c ti o n  of all t i le amb ien t  noise da ta  collected d u r i n g

I lit ’ survey , and for its grap hical and  tabular presentation in one—third

octave frequency b a n d s,  a 
A f e a t u r e  t > f  t u e  SRI data reduction is the

j ) r t ’ s t ’ I t t a t l o i l  of s pect r a  with tim e as the pa rameter.  From such a p lot

t i l t ’  effect ( ) f l  m e a s u r e men t s  t a l l  be p red ic t ed .

‘ the  recommendations of the s u r v ey  h a v e  led to a search for addi—

t i o i i a l tes t  site ’s  to au g m e n t  t h e  ex i s t i n g  sit e s .  C u r r e n t ly ,  SRI is

( v a l u a t i n g  .i possible s i te  fu r  h i g h — l e v e l t e s t i n g  at  V a l l e j o , and w i l l

sh o r t ly  e v a l u a t e  a proposed l t e  f o r  hy d rop hone t e s t i n g  a t  Pearl Harb or .

improved  computer techniques will be used to reduce and present the data

c u r r e n t l y  be ing  co l lec ted  ; the re sults with appropriate recommendations

I i i  I I tie pti Iii i S i l( ’ ( l  a s  a ii SRI Scimma rv itt’ port

lfe’cati si a c c ur a t e  knowledge  ( I  i t ra tIsducer operating condition is

reqti I red by s h ip s  op er a t i n g  i n  f o r w a r d  a r eas , SRI and AR L w i l l investi-

gate the t’e a s i b i l t t y  of  e s t ab l i s h i n g  test areas at S h i p  Repair  F a c i l i t i e s

i n  t h e  We ~t i’m 1’,i c i I t c  r i g  i on . A l l y  t e st  .i reas cons i de’red wi 11 be lu 11 y

l vii I t ia  ted en vi i ’unntent a  l i v  hc t o  me he’ i rig st I ected f o r  usc

13 
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A ( ‘unt i iut ~~itg  P r ( ( t ) l enl in re~~t I ’r l n g  t r an s d u cer s  i s  to assure  t i g h t

a c o u s t i c a l  ( ‘(> 11 1) 11 ri g o f  t u e  l a c e  c~ 1 t u e  t r a n s d u c e r  element to the ex t er n a l  L

elastcintei’ bout used on many tratisducers . Sev e r a l  alternatives to t h e

traditio na l castor oil couplaut were investigated at SRI . A l t h o u g h  no

I i  h a  I spec i f’icat ion c h a n g e  can  be recommended u n t i l  f u l l — s c a l e  tests  have

bee n c o m p l e t e d , it does a p p e a r  that Dow C o r n i n g  type 11 compound can

~~t t e r  Lip to 6 dIl a d v a n t ag e  over t it~ cas tor  o i l .  The de ta i led  resul ts

a re  g i v e n  in  Sumrnal ’v  Re port NI, . 10. As recomniended in that report , a

c o n t r o l  led e v a l ua  t lo l l  of  D C — i l  u t i d e r  s h i py a r d  disc’ c o n d i t i o n s  is under  w a y .

SIll a c t  i V I I I  c~-~ i n  ma L u t c i t a n c e  tug in e er i n g  h a v e ’  been coordinated

t h r ou gh t i l e  Standardized ‘ t r a n s d u c e r  E v a l u a t i o n  Program (STEP ) Commi t t ee ,

01 i th ic i l  U .  M .  S p u rl o c k  is a participating member .

‘i’e~~t ant i  e v a l u a t i o n  o f  ~;oii~i r  t r a nsd u c e r s  is unde r t aken  fo r  severa l
I

p l I r I I ’ sc’s for manu facturing control , to determine compliance w i t h  speci-

f i c a t ion s , to d et e r m i n e  o p e r a t i n g  c on d i t i o n  in service , and for  d i a g n o s i n g

f a t  l u r e s  when a transducer is b rough t  in for  r e p a i r .  Programs on T&E

a t  Sill have been concerned ‘, c i t h  a l l  of these tasks . Presently under way

s a cod iI ’ieat i ,ii of detailed test procedures for use in manufacturing

t r a n s d u c e r s  u n d e r  a construct ion  t ype  of specification. T&E for  de te r—

hi i I i i f l g  i)otil c o m p l i a n c e  w i t h  specifications and o p e r a t i n g  cond i t ions  was

st i i ( I i e d  in collaboration w i t h  o t h e r  Navy contractors . The detailed

pr ‘gran t  i s pre sen t ed  in Sumnta ry  Report Nc). 2.0 
Details of some me’asut t.e—

m in t s  proposed appeal’  in S u m m a r y  Re port N o .  ‘1 . 
‘
~

Part of  t i le  a c t i v i t i e s  in T&E have been devoted to the  development

an a u t o m a t e d  measu remen t  device ’  f o r  the prognosis and diagnosis of

sonar  t r a n s d u c e r  op e r a t i n g  c o n d i t i o n  ~PADST0C I . Wi th t i le  i n c r e a s in g

cc’niplexity of’ sonar systems’ ’~t iici t he  dec rea s ing  a v a i l a b i l i t y  of m a i n —

tel lance  pe r sonne l  w i t h  t h e  n e c e s sary  qualifications , some type of a u t o —

• ma t ed  I n s p c c t i ( ( i 1  will e v e n t u a l ly become necessary. ‘fhie advanced sonar

~ 1.4
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t e ( ’L n o l o g y  p r o g r a m  l’u r  a c c o m p l i s h i ng  tiiis is expected to require a lead

I [n it (‘1’ t h r e e  t o seve n ~‘c ’ars , d e p e n d i n g  on the  l e v e l  o f  e f f o r t .  ‘i’e cu in i c a l

deta ils of the  dev e l o p m e n t  p r o g r a m  are  discussed at length in Summary

Repor t  No . 7. The development program is based on a model (or a full—

s c a l e  t r a n s d u c e r  i n t o  w h i c h  l’evei.s ible , s yn t h e t i c  de f e c ts  can be i n t r o —

du t c e d  at known 1 oc’a I ions an d  i n  known  amounts . At present this long

L e m n i  p r o g r a m  is a c c o r d e d  io~ priorit y.

( 15 : 1
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E .  M .  Spc ir lock , 31 December 1968 . Summary Report  N o .  10 ,
N000 24—68—C— l0 77.

23 .  Int e rn a l op er at i n g  t e mp e r a t u res  ol  Edo ‘1’11203 element s  ( 1)  , E. M .

Spui r lock to G.  Moor e ’ , 10 Sep tembe r 1968 ; CON F IDENT I A L. Technica l
l,e t ter , N000 24— 68-C- 1077.

2 6 .  ‘rRl97 teardowil  a nd  e x a m i n a t i o n , U .  M .  Spurlock  tc , J . H .  R i l e y ,
N AVSEC , 19 Sep tember  1968 . ‘l’e c hn i c a l  Le t t e r , N00 024—68—C— 1077 .

27.  Adeci uncy  of hy d roa cou st i ca l  f a c i l i t i es  for  sonar t r a n s d u c e r  t e s t i n g ,
11. A .  Thorpe to H. E v a n s , 20 November  1968 . T e c h n i c al  Le t t e r ,
N000 24— 68— C--1077.

28.  R a d i a t i o n  of S p a t i a l ly I n c o h e r e n t  Noi se : C i r cu l a r  and R e c t a n g u l a r
Plane Sources , V.  Salmon and K .  N .  S a w y e r s .  F ina l  Report , •

November  1968 , N 00 0 14— 67—C—0 182.
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CONT1UBLTTING ANI ) 1) IREC T CONTRACT EFFORT
ON TRANS I )[‘C ER IMPROVEMENT PROBLEMS

Coii t i ’ i t , u i i  t o g  Coti t i’ , i c t ~

I’ 1 -a .1  1 Tot il ,1pp l’ r r \ 1 0.) 1
(‘o ut  t a c t  N l i o t r l ’ I ’  ~ i ) I  I i  i c r  t F’ u l n h i t i g  tn 1) , i t c

1961 Non ’ 2332 ( i i i )  ~ 1g7 $ 3~n , i u u o~ 
1 )

I 96() . 61 Noni’ 3 ( 1 4 9  ( f l )  3077 75, 1 ) 51)

1962 ,63 , h- I  NOhsi’ 81~ G) ‘1109 42 , 2.11)

963, 61 Nonr :3947 t i l l  ‘I 363 66 , 64(1

1967 , 68 N t ) ( ) 0 1~1— 6 7 — C — o 1 8 2  6255 53 , 400

N o t e s : ( 1)  T i l l s  f u i i d i i i g  i~~~ c r c  ( lie p o r t i o n  of  t he  e’ f ’ f o t ’ t  app l i ( ’ —
abl e to  tile transuju&’e’r prob lem . T o ta l  e f f o r t  , fo r
11 I i  s e a l  \ ‘ ‘a  i’ s , W.I ’~ $12 , OUt) ,000. V

l It rt’c I Cont l o t

I ~4 r 3  t i i ru  19(;7 N Oh s r 8900.1 4221) 249, 6 5 ( 1

1968 NO~ 2’l- 6$— C— 1077 7125 1 2- , 12u)

1969 N ( ) 0 2 l— 6 9 — C -  1123 76.16 133 , . l ,~

I
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, \ l~ t~~ ’I , a  i N I

FUNI)l NI ANV .AC’I’I \‘ITY
ON CON’I’RAC’I’S ON ’!’ R,b N S b I  (‘ER IMPROVEMENT PROG 1IAMS

Cr ‘n t r ac  ( N Ob sr  89004

F’ isc ,i.l Y e a r  1963 l~t 6 l  1~ ’65 196(3 1967

l a bor  F u n d i n g  5 -:t, , 19t , ~- to , 7 17 ~- I . l 371 513 , 7-!’) S72 , SSs

I , ,~5 l , ~ ; 1.5 1 . 1  2.2

\Iajo~ P r o c u r e men t  2110 —— —— 121 - 1

‘I ota 1 Funding ~ 38 , 6O0 J ~‘1S , 606 ~‘l’1 571 $ 1 3 , 7-I’) ~74 ,132

_ _ _ _ _  __I__  _ _  _ _  _ _

Coti t r a c t  N 0 0 0 2 ’ l — G 8 — ( ’ - lo) 77  1 N 0 0 0 2 - 1— 6 9 — C— 1 1 23

F i s c a l  Y e a r  io n s  1965

Labor  F u n d i n g  ~ ) 25 , 325 ~ l30 , (328

M an —y e a r s  2.7 2.7

Mit c c i ’  P r o c u r e m e n t  89:, -IS11

‘l’n r t a l  F’u n d i n g  ~ 126 , •12 3 ~135., .I39

21)
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-b l i l i en d i :~ U

)VO ItK S’I’A’I’LMEN’ i’ s AN!) LONG .~ND SHORT TERM
Ob JECTIVES OF PRE SEN ’F Sill EF’F’oR’r UNDER CONTRACT N 000 2 4 — 6 9—C — l1 23

Task 1 —  F a i l u r e  . \ i i a 1 ~ ’si .~

C o n d u c t  ana ly s t s  of  ta i led transducer e’le’ments to  d e t e r m in e  t a t  l i t r e

h i  s t o r y  an d  n i e ’c h a n i s i i s  and  recommend  c o r r e c t i v e  a c t i on . Comple te ’  analysis

ecu SQS—4 , 23 , 26 and 1IQS—6 t r a n s d u c e r s .  F i n a l r epor t  s h a l l  be pu b l i s i l e d

s u m m a r i z i n g  work  e f l c ’ r t  in  this area with input by ‘rracor. Report s h a l l

i n c l u d e  r ecoinn ienda t  ions  I c r  i r, p r c r v e m e l it s  i n  des i gr~ , p r o d u c t i o n , and

re’pa ir.

‘

~~~
‘ Long—Term O b j e c t i v e

The’ l o n g — t e r m  c c l ) ) C C t  i V C ’  ( I I  t i le  f a i l u r e’  ana  i v s i s  t a s k  is to col]ec’t

and  In t e r p r e t  d a t a  oii sona r transdcicer element fai lu re s an d to recommend

p 3t r o p r  ia te c o r r e c t i v e  a e t i n  ‘115
I

I) - Sh~~~t— ’r~-r~ Object,i vi’

The shiur t—te ’i’m o bj e c t  l y e  ( I I  t ile ’ I a i  l u r e  a n a ly s i s  t a s k  is  to c c c l  lo ’o ’ L

: 1  i n t e r p r e t d a t a  spec i I ic - a I lv c c l i  SQS — ‘ 1 , -—23 , — 2 1 ; , an d  I3 QS— 6 t i ’ ansd u i c c r

I c - i : c ’  itt t a t  lc irr ’s and to t ’ c - r ’ r n t n m r ’ n o h  a p p r c np r i a t e  c or r e c t i ve  ac t i c c i l ~

2 1



_____ _________ - --- “ ,

2 — h i r . ( t’ ’ \ t d __~, l , I t n - r i , i l s  c u d  I n  ‘— t ~ r ’h u l l l t J t ~r ’~

t ’ c l c I c j c ( i t i ~~ c -~~t i ~, i t r c i i  c c i  ~ v . ; l ’ c c V  i i i ~ ’, e r - t ’ . i t i i ( ’ ~~~ L f l g  c ’& - l i , i b i l  i t y  h \

a l u , I  I~~i lug SQS—23 ,ri ~~i 2 n  r i n g s  O c r  1 1 1 1 1 I t ’ l l  t v  and  m a k i n g  sc - I ’ t’e’ll 1 Il~~ t e st s

r n  cit t er m i  f l(’  c r ’  l O f t  i c  st r  rug Ut

A Lo d e , — - I t  ‘ ii t h c  ‘ ‘‘ ‘ 1  i r e

‘I’}io’ l c c i l 1 ’ — te  i’ ni c n h ) J r ’ ( ’  1 1 \~~ 1 5 1’ c i ’  r -  l c n l c  I t ’ r i ’ cc i c c  t c i  e ce r a m i c  rt ta l e ’ r ua i s

t i n t I t’ ,iiisdoc’e’ rs t h a t ~~~ i 11 i n - i d  i n i l c r c C’ t ’d sh o c k  i’ n ’ s i s t a l i c ’ c’ w i t i t u u t u t i a c c ’e’ p t —

chi c ccrnt pr O flhlse n n l  c c t l i o ’ t ’ 0 c 3 ) e ’ i ’ a t l l i g  c ’ha rae ’ te ’ i ’ i s t i c s

II - Sill c r t — I n  ‘ i . t i t  (~I ) c c l  1

T h e  s l i c ’ u ’ t — t t ’ r l t i  n c l c O ’ c ’ t l V c  j5 t o  ( n i ~ I ’t ’ I -  a t i ’, l s I h i l i t \  study c i i  s t .i t, o —

I — I l a -— a rt l i leat is  I c c i ’ 1 n ip r l  ‘ V  1 I i ~~~ I n i ’  t O ’ -  I t ’ , I it cc’ t ’ j  uu ~1c ’ s t i c  c c 6 i. e s i s t O  to c’

‘I ’ , , sL 3 — I’ r c ’ ‘ i i ’  s ,- an d  1 )t.tgt ” n s i .~ c c  i : , , l , n r  I t ’ . t  n ,cl l i c e ’  I. 01 0 ’  r., I i n  g I d l  c i  I It -

‘ PAOi - ’I’OC b o r i c  n ’s I) . V I - ! ’  3 ” n ’ i l t

I ) .  - C o  l c  i ’ t o - s t  ~, .111( 1 1’ n e c  i t  ‘ c i c c  C i t i n l i a 1 i t t  t h e’ t yj c o ’  , 1’ ca 1 i t ’ l i  • a itch

-‘ 
n ’ N t c ’ l i t  c c l  s i n g l o -  i n ’  l o o t s  I n  . 1 I i  I t t ,  ~~~i i n  I t  t r a n s o i o c c - t ’ t h a t  ~ a t t s I a c t cI ’ : I~

o r b - I s  ( h o ’  c o l i st I t i c  I i on  c c l  ~~~~ ~~~~-~~~2 : i  c i  2n . F i l i a l  .~~c t -c ’ t I  i c a t i n n i l  w i l l  be’

I n n  rwa r d o ’ c l  a I t t ’ r t r i  1 n o t , 10) 11 c n I ‘ ‘ l i t  t a r -  t I c n  r c i t  t n  m i  111.1 t I ‘ i  c c  I c c n i i t  11101 1 ng

‘i’ask :t .

A . I . ’ c i ~~ ’ — i n  I ’ l l ’  O bj e t ’  t i r e

The l u t t g - ’ t c r i u l  oh (e ’ct i c c  c c i  t i n  I \Ii*(’O(’ d e’ve’ 1 3 c m -n t  i s  to  p r o v i d e  I l t e

( ‘ I n c - I - ,C 1 lb a - c t ’  u t ’ s n i l  a t i t c n T l l , l  I n - c l , c c , i c ( c c i t n ’ r l / n - r l  , ~ .1tto ’ t~l c — i ’ t’t c cg fl l h u g  d i a g —

t i n  c~~ t i c ’ a t i d  j i t ~ , gl l n  n c  I Ic dcv l o t ’  I c c i ’  ( i t  t t ’ c ’t  l u g ,  i c c  a t  IlIg , .1  l i d ~~1ent i i  y i  l1~

- c c c c c ’ i l , i I c I v  u ( I t _ c c l — L o l e I ’ , l t i c c  c l r ’ i i t t u i  ‘~ i n  . in  u n s t a l l c ’ o l  - c r 1 1 . 1 1’ t r a n s d u ce r .  

-‘- - -“—-—-—‘--- ‘~~~~~‘
-“ - . “-.

~~~~~~
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I , - . S h o r t — i n - t o ,  ( ) l . r~~c ’ c l  i c n’

‘I’I ue sii ’o’t—icu ’o n c b l n ’ c t i C n ’  1~~ 1.0 p e r f o r m  i n i t i a l  studies on d e v e l op —

i ii~~ ant i  au i t o )ma  t t u g  test p r n .ci ’e ’dti ‘ n ’ 5  for  r a p  i d l y loca t ing  til e more’ common

t r a n s d u c e r  el ’i : i c ’t i t  d e i e ’c t ~ , usin g oil y the  e l e c t r i cal t e r m i n a l s  of the ’

ci c’ t l ie ’I l  t

‘( ‘ ,c  ~~~ ‘I — I_ c nr ort a bet c o - t i  ol’i

Dc vi’ iop a p r c i c h u t e t i o n  t e s t  I c c r  d e t e c t i n g  €‘ l e ’nue ’i its  su s c e p t i b l e  to

(‘ c c l ’ , c l i i i  a r id  a mc - ( I i  sc’iiar’gi’ . b e - L i - l i t  i to ’  r e a sons  t o m  a n d  c o r r e c t  i ye’ m e a s u r e - s

I Ilat c c  d lou l li lit I t ’ i i i is citio ’e ’ 1.5

A. I.ouig— ’l’e’rm O b j e c t i v e

The l c c t i g — t e r m  n n l c ) c ’ c ’t i r e  of t i l l s  t a s k  is  to d e v e l o p ,  d e s i g n . an d

c n c t i ~~ t r u c t  p ro to type ’  pr~ (h u c t  ton and d i a gno s t i c  t e s t  d e v i c e s  fo r  d e t e c tin g

t h i n ’  pt ’n _’Se ’flct ’ an d e’ i-. t l l l i a t i l i g  ti ll -’ ‘. ‘x t i ’n t o l  corona c c l ’  a r c  d i s c h a r ge  w i  h i m

1 ,-a-a led t r a l u s d u c - ( ’ i ’  ele ’fliell t

13 , Short— ’l’e’rri OI)~ ec’ t I V I :

‘fl it ’ s h or t — t e r n  c n h j c c  L i v e ’  i s  O n  di ve- lop a p r o t c n t  pe p r o d u c t i o n  t es t

n l e v ice ’  I i n r  ttin _’a s i I i ’ l l i g t he  \ c r l t , I h f ’  t i i t ’t ’ s h i o l d  a t  w h i c h  cor onn a  or a r c  d i s —

ri t a i ’ gn ’  t ake’s p l o-c ’ cc’ i t h i n  a t r ,j n s d u i c - n . -r  e l e me nt

‘I ’ , n s k  S — T r a n s d u c e r  Re p a i r  F rc i i i  t y  ‘‘I’RF) an d S i l c p v o r d  l n i p rov eu t i t ’u i t  0 1 1 ( 1

S t a n d a r d  i za t i n  rn

P a r t i c i p a t e’ iii STEP (‘cnn i m i I I r e  a c t i v i t ie s ;  p a r t i c ip a t e  i n  p l a l i l i m u i g ,

n ’ v t t i t i i t i u n , s it e  su r c - ev , l n s t .I l l o t i on , t r a in i i i g ,  u se  and  d a t a  j i roc - - s s l n g

.1 ~. j c - c ’  Is  of t r a l l s du c -er  m o o  s i t  r( .’me ’Ii  I rid c-a l i bra t i o n  svstenis ; and part I c ’ i—

p .it c - i n  E a s t  and  ( V i  s t  ( a  — I  sli t 1 . 1  rd s u rv ey  ill 1 reas  ~ f bench ,

23 
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h u g h — p r e s s u r e  and  onboard t r a n s d u c e r  t e s t s .  S u r ve y w i l l  take approx —

in~a te ly  t i i t .ec ’  weeks .

A . Long— Term O bj e c t i v e ’

Til e lon g — t e r m  ob j ec t i ve  is to provide for  each Ti~F an easily oper-

able system that will produce transducer test and evaluation data uniform

in format and n u m e r i c a l l y  c o n si s t e n t  among the  seve r a l  TRF ‘ s. P re— and

p o s t — in s t a l l a t i o n  test s t anda rd i z a t i o n  w i l l  ensure the q u a l i ty  of the

1 in a l  ins talled  p r o d u c t .

B .  Sho r t—Term O b j e c t i v e

It is the ob,ject~ ve c f t h i s  t as k  to assist in the standardized

transducer evaluat ion program (sT~Y~ by development of equipment and

procedures for bench , tank , and open—water eva luation of transducer

e lemen t s .

‘i’ask  6 — Shi pyard Mode rn i za t i on  and Mar t  Program

Analyze and evaluate areas ca l transducer T&E Systems ; ana lyze  in s t ru—

nient at ion  and make e n v i r o n m e n t a l  surveys  whenever necessary ; part ici pate

iii math—modeling and u’eliabilcty transducer (MART~ program committee

nro.’ctings ; and aid in formulating necessary transducer specifications .

A. Modernization

Lo n g—T n:  rm Objective. Tile long—term ob.j cc tire is to ensure that

r e l i a b l e  absolute  and co mpa t ib l e  data on transducers arc obtained at

nort — ’l’RY sh ipya rds .

‘2-I 
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