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Piezoe l e ctr ic  ceramics have found  w ide  spread appli cati on in many

sonar t r an sducez  desi gns , and al thoug h te ns of t h o u s a n d s  of ceramic t ran s -

ducers  of various type s have been built over uie past ~ie~ ade , there is col ,-

siderable amb i,~uity regarding the variations Lu t h e i r  p e r f o i r t L a n c e  c h a r a c t e r -

istics under different e n v i r o nm e n t s .  There has been very little authorita-

tive eng i nee r ing  data avai lable  to i nd i ca t e  tae exact  behavior  of the  va n -
1 .

ous types  of ceramics  under v a r y i n g  c on d i t i o n s  ot ~ use , and in t i c  a b s en , e

of sucn data , many t an sducer  designs  have proved d i s a p p oi nt i n g  in t i e i r

r e l i a b i l i t y  over long pe r iods of t ime .

Some ot the  more d i f f i c u l t  p rob lem s  en coun te red  in the des ign  and

m a n u fa c t u r e  of ~ ce ramic  t ra . sducers  concern  the ach i evemen t  0! uni ,oInit \

and lo ,~- t inL e  s t a b i l i ty  of tie elements , especiall y for suc Li  c r i t i c a l  app li-

ca t ions  in which  beam fo rming  networks  are employed with tile s t r u c t u r e s .

There are two genera l  classes of in h e r e n t  d i f t i c u l t i e s t h at  must  be over-

come ; name ly ,  to n e u t r a lt h e  t u e  r e l a t ive ly l a rge  v a r i a t i on s  in s e n s i t i v i t y

• and impedance of the ceramics  du r ing  the i n i t i a l  p r o d u ct i o n  o: the  t r an n -

ducer e l em ent s , and to m i n i m i z e  the v a r i a t i on s  in ag ing c h a r a c t e r i s t i c s  t i lat

occur among the ceramic e lements  over the u s e fu l  l i f e  of the t r a n sd u c e r .

Barium titanate is the oldest of the commercially available cur\

amics and it has been used extensively ~n hy drophone designs because the

operating temperature rise for tnis app lication is neglig ibly small and ,

therefore , no great risk is involved in depolarizing the ceramic elements ,

such as might occur in connection with the use of barium tLta~iate for hig h

powered transmitting transducers. In the design of barium titanate hydro-

f phones requiring a n i gh degree of unifor m ity, suchi as is necessary in beam

forming array s, it is essential to employ a plurality of ceramic elements

- —- —-—- — —— — -.-•—- —p- — —~ — —
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in each hydrophone unit in order to sui tabl y average out t~1e relatively

wide in d i v i du a l ~an i a t i o n s  in sensitivity and capacity t!iat aie normally

found w i th i n  a g roup  of po la r i zed  ce ramic  e l emen t s .  The t yp i ca l  nor~tal

range of var iation in capacity w it ~~in a la rge  p r o d u c t i o n  lot of h i gh quali-

ty  po l a r i zed  bar ium t i t an at e  e l em en t s  is a p p r o x i m a te l y 257- , and the corres-

pon ding variation in sensitivity within the lot is about 4 db .

Expe r imen ta l  data  stkowing  tt i e measured sensitivity for 30,~)uu

I bar ium t i t an at e  c y l i n d e r s  m a n u f a c t u r e d  to close mech anical  to le rances  is

p lot ted in Fi g .  1. It is obvious from the data that it would be impossi-

I ble to pr oduc e  h y dropt ione s h aving u n i f o r m  s e n s i t i v i t y  if the design were

to emp loy a single cy linder for eacn iiy drophone. To overcome the difficul-

I z ty presented  by tnese v a r i a t i o n s , it is necessary tha t  each hy dropnone
C

1 assemb ly employ several ceramic elenents which are individuall y calibrated

for  both s e n s i t i v i t y  and capaci ty  and t ien combined i n t o  selected gr oups ,

1 each group having ttie same average sensitivity and capac i ty  of the  e n t i r e

product ion lot .
0

Even af ter careful selection of the ceramic elements , it will be
z

found that the individual hydrop hone characteristics will ag’ diL ferent l y

and , therefore , several initially well-balanced assemblies cannot be assured

I of remaining balanced at some future time subsequent to their m a n u t a c t u r c .

Since the aging of the various parameters are logarithmic functions of t i n e ,

greater variations will occur within the first few months after polar isa-

I tion . Therefore , where uniformity and stability are important requirements ,

i t  is e s sen tia l  that the calibration and selection of the individua l ceramic

e lement s  be made several month s  f o l l owing  the date of po l a r i za t ion .

The lu ad -z ir cona t e - t it ana t e  ceramics are generally more stable

I than barium t i t an at e  and , the r ef ore , somewhat bet ter  performance may be

____________________ - 
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expected in the use of t h i s  m a t e r i a l .  dowever , a i t h i ou g i  the  s t a b i l i t y  of

the lead z i r conat e s  is gene ra l ly h igne r , a con s ide rab l e  vax i a t i on  may be

expected among tile various type s of zirconates. In general , tne same com-

ments  that  were made concerning the va r i at i o . . s  in bar ium t it an a t e  ceramics

would also app ly ,  except for  th e f a c t  tha t  the  d e p o l a r i z a ti o n  r i s k  would

be con s ide rab l y reduced Eon n igh-power  t r a n sm i t t e r s  because of the hi gher

Cur ie po in t s  of the z i r c on a t e s .
S

I .  a t r a n s d u c e r  a r ray  is to operate over a range ot t empera tures ,
j

1
such as is commonly encountered in various parts of the ocean , the  selec-

tion of the ceramics at any particular temperature will not necessarily

S
insure the same r e l a t ive  u n i f o rm i t y  at anoth er  t empera tu re . An examp le ot

z the relative differences that are typica l among selected zirconate elements

as they are cy lcied over the temperature range 4°C. to 3~fC. are shown in

the experimental data which follow . Fig. 2 show s the v a r i a t i o n s  in capaci ty

of three PZT-5 cy linders as t hey  are successive ly cycled between the tern-

perature range 4°C. and 30°C. Fig. 3 shows similar data for three matched

PZT_5:1 cy linders of the same dimensions. Two things are obvious from these
z

data; first , that tue change in capacity is not the same for each cylinder

nor is it the same for a particular cylinder during successive cycles of

the same changes in temperature .

The PZT-5 type zirconates snow higher internal losses at high

power levels than do the PZT-4 type zirconates. Therefore , PZT-4 is gen-

er-ally preferable for nign-power sonar applications. Fig . 4 show s the

variation of capacity wit i temperature among four norral PZT-4 polarized

ceramic cylinders that were matcned at 7i°F. It can be seen t~at the rela-

tive non-uniformity among the four cy linders increases from 17. at 100°F.

to 147. at 25~~F.

_- •___-_  _______ - _________________________________________________________________
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In order to cope with the inherent prob lems of non-uniformity

among polarized ceramic elements , it is e s sen t i a l  tn a t  the requirements on

eacn transducer app lication be very c a r e f u l ly anal yzed before  se lect ing

the type of ceramic best suited for the job , or before even assuming f iat

the desi gn snould employ ceramics as the satisfactory transducer material.

It is also extreme ly i m p o r t a n t  tha t  when ceramics are emp loyed in trails-

ducer des igns which requ ire a hi gh degree of u n i f o r m i t y  among the elements ,

a pre-ag ing process must be imposed on the ceramics followed by a calibra-

tion procedure which permits the c l a s s i f i c a t i o n  of the ceramics into Se-

lected groups. Another important requirement for increasing the uniformity

and stability of the design is to emp loy several ceramics in each transducer

element which are selected and matched in a manner that will minimize the

random variations insofar as they affect tne subsequent performance of the

transducers. For many applications where exact beam forming characteristics

are not essential and for applications where the uniformity of impedance

among a m u l t i ple assembly of t ransducer  e lements  is not impor tan t , polar ized
C

ceramics may be employed w i t h o u t  t u e  se lect ion procedures which have been
1

discussed , and for such cases po la r i zed  ceramics w i l l  present u s e fu l  advan-

tages in the design of sonar transducers.

It is unfortunate t rat the general use of polarized ceramics dur-

ing the past decade has prevented many transducer engineers from becoming

acquainted with the advantages of a piezoelectric material whose character-

istics are far superior to the polarized ceramics where uniformity and long

time stability are basic requirements of the sonar transducer. The material

is anmionium di-hydrogen phosphate wh ich was developed and grown conmiercial-

ly in very large quantities during the early 1940’s, and it quickly super-
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seded Rochelle salt for practically every sonar transducer application .

U n f o r t u n a t e l y , not too many engineers became familiar with its excellent

characte r i stics nor , more importantly, did they become familiar with the

product ion  eng ineering techni ques which are needed in the handl ing  and

processing of the mater ia l  to achieve t ransducer  s t r u c t u r e s  of extreme

ruggedness .
I,

For many critical applications , APP will permit a degree of uni-
U- S

formity and long-time stability in sonar transducers t ha t  cannot be achieved

1
± by ceramics.  A typ ical ind ica t ion  of the u n i f o r m i t y  tha t  can be rea l i zed

in the manufacture of ADP transducers is indicated in Fi g .  5 which siow s

the sensit ivi ty distribution among 130 ADP transducers. The total spread

in s e n s i t i v i t y  among al l  the units in the group is only 1,2 db , which  is

a degree of uniformity tha t  is extceme ly difficult to obtain with ceramic

desi gns .  Onl y by ca re fu l  se lect ion and ma tch ing  fo l lowing  long pr ior  ag ing

of the ceramic elements , is it possible to approach the hig h degree of uni-

f o r m i t y  that  is inherent in ADP . It should be recognized , however , that

the high uniformity can only be realized w ith the matched ceramic design
2

at a chosen fixed set of environmental conditions , and the uniformity may

deteriorate at a different temperature or hydrostatic pressure.

The excellent long-range stability of APP is illustrated in

• Fig . 6 which shows two calibration curves of a low cost APP sonobuoy hydno-

phone . One calibration was made at the t ime of m a n u f a c t u r e  and the  second

one made approximately six years later .

-
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