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ABSTRACT

This is the final report on Contract Nonr-4917 (00), '"Impact Shock on Piezoelec~
tric Ceramics,'" and emphasizes the work performed and the results obtained by the
Edo Western Corporation during the second phase of the program which includes the
period from 1 May 1966 to 30 April 1967. This report also summarizes the work
performed and the results obtained during the first phase of the program covering
the period from 1 May 1965 to 30 April 1966. ..

Life expectancy tests performed on ceramic rings of compositions EC-55, EC-64,
EC-65 and EC-69 have resulted in extensive data regarding the effects of impact
shocks on the physical and electrical characteristics of the ceramic rings. The
results have indicated that the dissipation and the mechanical Q of the ceramic
were the parameters most affected by impact shocks. The dielectric constant
was the only electrical characteristic that remained stable under impact shock,
Ceramic ringe of composition EC-65 were able to withstand higher and more impact
shocks than rings of the other three compositions, The results on composition EC-69
indicated that thiu composition has the lowest mechanical strength with respect to
impact shock,

The results obtained from life expectancy tests performed on ceramic discs
and rings were in agreement regarding the effects of impact shock on their electrical
characteristics, The mechanical strength of the ceramic ring configuration was
better than that of the ceramic disc configuration, This was true for all four
ceramic compositions tested.

Hydrostatic shock tests were performed on mass loaded ceramic rings and discs,

The ceramic compositions tested were EC-55, EC-64, EC-65 and EC-69. The hydrostatic
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PN S



G O OGid Ol Ol Oned O =9

v’
oA
F
#I

. y +
o B s e

REPORT NO. 11003-9
‘ % WESTERN CORPORATION

ABSTRACT (Cont'd)

shock to which the mass loaded transducers were subjected originated from an under- [
water detonation. These tests were conducted in open water to simulate the actual

operating couditions of the transducers, The results from these tests have indicated 1
the effects of environmental conditions and mass loading on the behavioral character-
istics of the ceramics under hydrostatic shocks, The environmental conditions, espec-

}
ially temperature, affects the mechanical strength of the ceramic, Results from tests 1

conducted in 0°C water indicated that the mechanical strength of the ceramic decreased

at this temperature, This was particularly true for the lead titanate zirconate i

ceramics, Mass loading of ceramics will dampen some of the multiple responses present -
in a ceramic stack, Also, mass loading increases the dissipation of the transducer
because of the compressive force applied on the ceramic stack by the clamping bolt. i
Because of the effects of mass loading and the environment or. the behavior {
of the ceramics, the effects of hydrostatic shocks on the electrical characteristics !
of the transducers were not conclusive, The results do indicate that the dielectric

{
constant remains relatively stable under hydrostatic shock, I

Impact shock tests were conducted on mass loaded transducers using the labora-
tory shock apparatus, Ceramic rings and discs of compositions EC-55, EC-64, EC-65 }
and EC-69 were tested, The results obtained from these tests were in agreement with
results obtained from life expectancy tests performed on unloaded ceramic stacks,
The changes in the electrical characteristics due to impact shock and the relative

mechanical strengths of the ceramic compositions and configurations were similar to ot

that obtained from life expectancy tests,

Driving voltage tests were conducted on ceramic discs of compositions EC-55,
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ABSTRACT (Cont'd)

EC-64, EC-65 and EC-69, The results obtained confirmed the theory that driving vol-
tages in ceramics will propagate fractures. The results indicated that driving vol-
tages applied in the planar mode of vibration are more effective in propagating frac-
tures than driving voltages applied in the thickness mode of vibration,

Studies were conducted to develop a method of improving the mechanical strength
of ceramics, Methods such as surface layer diffusion, prestressing by embedding
metallic wires in the ceramic, and fiber winding were studied, The method of fiber
winding the ceramic proved to be more effective and feasible than the other methods
studied, Ceramic rings of EC-55, EC-64 and EC-65 were fiber wound to 1,500 psi and
3,000 psi compression. Impact shock tests indicated that fiber winding improved the
mechanical strength of the ceramic rings., Some of the fiber wound ceramic rings

withstood impact shocks as high as 79,000 psi.
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1,0 INTRODUCTION

As more improved and sophisticated sonar systems are developed, the knowledge
of the performance characteristics of plezoelectric ceramics becomes more import-
ant, The work performed by the Edo Western Corporation during the period from
1 May 1966 to 30 April 1967 was focused towards determining some of ti.e perform-
ance characteristics of piezoelectric ceramics when subjected to impact shocks,

The areas pursued were:

(a) The life expectancy of ceramics subjected to repeated impact shocks. The
objective of this test was to determine the effects of impact shock on the electrical
and physical properties of the ceramics,

(b) The effects of hydrostatic shocks originating from an underwater detonation
on the physical and electrical properties of piezoelectric ceramics in a mass loaded
condition, The objectives were to test the ceramics under conditions closely simu-
lating the actual operating conditions, and to determine whether or not a correla-
tion exists between the results from this test and that obtained from the life expect-
ancy tests,

(¢) The effects of impactshock on the electrical and physical properties of
mass loaded ceramics., The objective was to determine whether or not the results
obtained from this test agreed with the results obtained from the life expectancy
tests and/or hydrostatic shock tests,

(d) To determine whether or not driving voltages applied to ceramics would pro-
pagate fractures in the ceramic,

(e) To determine the effects of fiber winding on the mechanical strength of

ceramic rings,

]
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Tests were conducted on four piezoelectric ceramic compositions and two config-
urations (rings, 1.125" OD x 0,625" ID x 0,25" thick, and discs, 1,50" diameter x
0.25" thick.) The following is a brief description of the four ceramic compositions
tested:

(a) Composition EC-55: This is a hard barium titanate material, developed to
operate at high power levels and is ideally suited for high power projectors in the
=10° to +60°C temperature range. This material is characterized by its low dielec-
tric losses under high driving fields,

(b) Composition EC-64: This is a hard lead titanate zirconate material devel-
oped for high power acoustic projectors, It is characterized by its high coercive
field, high coupling coefficient and low dielectric losses under high driving fields,

(c) Composition EC-65: This is a soft lead titanate zirconate material de-
veloped specifically for a high dielectric constant with high voltage sensitivity,
It has a very low aging rate and is ideally suited for high sensitivity hydrophones
or other receiving devices.

(d) Composition EC-69: This is a modified lead titanate zirconate wmaterial,
considered to be the hardest piezoelectric ceramic, The modification provides maxi-
mum stability for high driving fields and high pressure operations. It is ideally

suited for high power acoustic projectors and deep water transducers,

Life expectancy tests were conducted on rings and discs of piezoelectric ceramic
compositions EC-55, EC-64, EC-65 and EC-69. The test samples were subjected to one-
dimensional impact shocks to determine the effects of these impact shocks on the
physical and electrical characteristics of the ceramics. A detailed discussion of
this test is reported in Section 3.0 of this report,

Hydrostatic shock tests were also conducted on rings and discs of the same four

o — i —
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piezoelectric ceramic compositions., The ceramic samples were tested as active ele-
ments in mass loaded transducers in open water, The shock wave to which the trans-~

ducers were subjected originated from an underwater detonation of 7.3 1lbs. of T.N,T.

The environment of this test closely simulated the actual operating conditions of the |
ceramics, The test is discussed in detail in Section 4.0 of this report, :

Section 5.0 discusses the results obtained when mass loaded transducers were
subjected to impact shock using the laboratory impact shock apparatus., The mass
loaded transducers were similar to those used in the hydrostatic shock test,

The effects of driving voltages on ceramics subjected to impact shock were
studied using ceramic discs of the same four compositions, Thz primary objective
of this test was to determine whether or not driving voltages would propagate frac-

tures in the ceramic, Section 6.0 of this report presents a detailed discussion of

this test,

Studies were conducted on rings and discs of the four compositions to develop
a method of improving the mechanical strengths of these compositions. Tests were
conducted to determine the effectiveness and feasibility of several different
methods of improving mechanical strength, These were: (1) fiber winding; (2) pre-
stressing the ceramic with metallic wires; (3) surface layer diffusion; and (4)
additions to promote sintering to reduce the porosity of the ceramic., The studies
indicated that the fiber winding method was more effective and feasible than the
other three methods, Section 7.0 presents a detailed discussion of this study,

Section 9.0 of this report summarizes the results obtained from the various

tests conducted during the period from 1 May 1966 to 30 April 1967,

— |
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2.0 SUMMARY OF WORK PERFORMED AND RESULTS OBTAINED DURING THE PERIOD 1 MAY 1965
TO 30 APRIL 1966

The following paragraphs of this section describe the work performed and the
results obtained by the Edo Western Corporation during the period from 1 May 1963
to 30 April 1966.

The work performed during this period was directed towards: (1) development
of an impact shock apparatus; (2) determining the effects of impact shock on pieszo-
electric ceramic discs; (3) decermining the mechanical strength of piezoelectric
discs; (4) wmicrostructure studies of ceramic discs subjected to impact shock; and
(5) studies of the effects of impact shock on the aging rates of piezoelectric cer-

amic electrical characteristics,

2.1 DEVELOPMENT OF IMPACT SHOCK APPARATUS

Three methods of generating impact shocks were evaluated. These were
mechanical, hydraulic, and explosive, The studies conducted indicated that the
big difference between the three methods was the rise and decay time of the shock
wave produced., Both the mechanical and hydraulic methods produced shock waves
with durations of four times the required duration,

The method of generating impact shocks by the detonation of an explosive
charge was chosen because the shock wave generated by this method most closely
simulated the shock wave from an underwater detonation in open water, The decay
time of the shock wave produced by this method was approximately 0,3 millisecond,
which is very close to the desired decay time of 0.5 millisecond,

Figure 2-1 shows the impact shock apparatus developed, Figure 2-2 shows



the internal mechanism of the impact shock apparatus, The body of the apparatus
is a modified 16-inch projectile, The cavity of the projectile is filled with
water and an explosive charge is detonated in the water. The shock wave generated
by the detonation is transmitted through the water to the piston, which in turn,
applies an impact shock to the ceramic stack being tested., The amplitude of the
impact shock is controlled by the distance between the explosive charge and the
piston, and the size of the explosive charge. A specially designed piezoelectric

ceramic pressure transducer was used to measure the amplitude of the impact shock.

The output voltage from the pressure transducer was fed into an oscilloscope which pre-

sented a display of the output voltage relative to time, A photograph was taken of
the oscilloscope display, thus obtaining a permanent record of the shock waveform
and its peak amplitude,

The impact shock apparatus produced impact shocks of similar waveforms
from 6,000 to 33,000 psi amplitudes, The impact shock amplitudes were repeatable

to approximately 31500 psi in the low range and +2500 psi in the high range. These

deviations in amplitude are probably due to the positioiiing of the charge in the water,

and also due to the difference in the amounts of explosives in charges of the same
size. It was not possible to position the charge in the same position each time,
Because of this, the reflections of the shock wave from the walls of the projectile
would differ with each detonation, causing variations in the impact shock amplitude,

Although the explosive charges used were of the same size (No. 6 blasting
cap), the amount of explosives in the cap can vary. Also, the Primacord wused in
conjunction with the blasting caps to obtain the higher amplitudes were cut to size,
In the process of cutting, some of the powder is lost, Because of the smallness of
the charge size, small losses or variations produce differences which cannot be

neglected.
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2.2 EFFECTS OF IMPACT SHOCK ON PIEZOELECTRIC CERAMIC DISCS

The previously described impact shock apparatus was used to determine

t the effects of impact shock on the electrical characteristics of ceramic discs and

also the mechanical strength of the ceramic. Ceramic compositions studied were
EC-55, EC-64, EC-65 and EC-66 (EC-66 is a soft lead titanate zirconate composition).
The ceromic discs of each composition were formed into stacks consisting
of five elements (reference Figure 2-3), and were subjected to impact shocks of
different amplitudes. In addition to the tests performed to determine the effects
of impact shock on the electrical characteristics and mechanical strength, micro-
structure studies and aging rate studies were conducted on th. shocked discs,

The results of the microstructure studies indicated that the barium titan-

* ate composition (EC-55) was stable under impact shock. No great changes were ob-
served in the domain formation or structure. More mechanical twinning was observed
in the shocked test samples than the control samples, indicating a change in the
grain and domain configuration. This mechanical twinning tends to lock the domains
snd twins into a metastable state, The lack of appreciable changes in the domain
formation indi:ates that there should be no loss of polarization, and the electri-
cal characteristics of the ceramics should change very little with impact shock,
The results of the electrical measurements made before and after impact shock in-
dicated that the dielectric constant changes less than +2.5% after impact shock,

The dissipation increased a maximum of 207 and the coupling coefficient was scatter-

= = =m G o =

ed, exhibiting as high as +87 and as low as -15% changes. The mechanical Q de-
creased rapidly with increasing impact shock. Decreases in mechanical Q as great

as 607 were observed after impact shock.
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The mechanical twinning which tends to lock the domain and twins into a

B T

metastable state, increases the dissipation of the ceramic and may also account

for some of the increase in dielectric constant. The behavior of the coupling
coefficient under impact shock is apparently caused by several effects. Small
changes in the coupling coefficient are prcbably caused from domein changes such

as the increase in mechanical twinning., The larger changes in the coupling coeffi-

cient are probably due %o fractures in the ceramic. These conditions affect the

mechanical Q of the ceramic in a similar manner.

The microstructure studies indicated that the lead titanate zirconates
were not stable under impact shock. There was a change in the domain pattern
exhibited by the lack of 90° twinning in the shocked samples. There were no indi-
cations of mechanical twirning in the zirconates; therefore, the impact shock
probably depolarizes the ceramic. This depolarization should cause the dielectric

constant, coupling coefficient and dissipation to decrease, and the mechanical Q

should increase.

All of the ceramics exhibiting a low mechanical Q after impact shock
were fractured; however, the dielectric constant does not behave as predicted irom
the microstructure studies. There {s an increase of up to 337 in the dielectric
constant due to poling in the formation of the 90° domeins. The impact shock
appears to switch the 90° dcmains intc 180° demains, which would increase the diel-
ectric constant, and the ccupling coefficient would be expected to decrease. The i
low values for dissipation and mechanical Q are due to the switching of domains and ¥
fractures in the ceramic. EC-64 test samples exhibited the largest changes in do-

main formation. EC-65 and EC-66 test samples displayed small changes in mechanical

pee—

Q and also small changes in the domain formation.
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The studies conducted on ceramic aging indicated that the phenomena re-
sponsible for aging in ceramics is not affected by impact shock; however, the rate
of aging changes after impact shock. The impact shock changes the domain into a
configuration such that the decay activation energies causing aging are higher after
impact shock. After impact shock, it is more difficult for the domains to achieve
equal area configuration and reduce residual stresses; hence, the impact shock de-
creases the rate of aging. Domain counts on the freshly poled ceramic and the
sged ceramic showed 30 increase in domains in the aged ceramic. The number of 90°
domain twinning in the freshly poled ceramic have relaxed into more domains of a
smaller area to reduce residual stresses.

The impact shock tests showed that the fracture limit for the barium
titanate was from 16,000 psi to 18,000 psi. The fracture limit for lead titanate
girconates was from 14,600 psi to 16,000 psi. Therefore, the barium titanate com-
position was mechanically stronger than the lead titanate zirconate composition;
however, neither composition was able to withstand impact shocks greater than
20,000 psi. Impact shock tests on aged and freshly poled ceramics indicated that
the aged ceramic was mechanically stronger than the freshly poled ceramic due to

the relief of residual stresses in the aged ceramic.
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3.0 LIFE EXPECTANCY TESTS

‘ Life expectancy tests were conducted on piezoelectric ceramic rings and discs

of compositions EC-55, EC-64, EC-65 and EC-69. The tests were conducted to deter-

mine the effects of impact shocks on the physical and electrical characteristics of

the ceramics.

The test ssmples were formed into stacks consisting of five ceramic elements
l of the same composition and configuration. The individual elements were bondad
together with two-sided adhesive tape. Ar acrylic plastic sheet was bonded on the
top and bottom of the stack using the two-sided adhesive tape. The adhesive tape
and the acrylic plastic sheets were used to obtain uniform pressure distribution
over the surface of the ceramics in the same manner as an epoxy bond. Figure 2-3

: shows the ceramic stack as described above.

3.1 TEST PROCEDURE

All of the test samples were subjected to similar tests. The following
is a discussion of the test procedures used in performing the life expectancy tests,

Before the test samples were formed into stacks, their electrical charac-
teristics were messured individually. The measurements made were: (1) dissipation;
(2) capacitence; (3) resonant frequency and the corresponding output voltage; and
(4) anti-resonant frequency and the corresponding output voltage. The resonant and
anti-resonant frequencies were measured in the planar mode of vibration. Conven-
tional industrial methods were used in obtaining these measurements. These initial
velues of the electrical characteristics were used as the basis of relating any

changes which occur in these characteristics after each impact shock.
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The test samples were then formed into stacks and subjected to the de-

sired impact shock amplitude. Figure 2-1 shows the impact shock apparatus used,

After being shocked, the individual ceramic elements were separated and their elec-
trical characteristics measured individually. Time lapse between impact shock and
electrical measurements was less than 24 hours, This test procedure was repeated
for each stack until fractures were present in the ceramic or a trend in the changes
in the ceramic electrical characteristics developed,

The above test procedures were used because it allowed the measurement
of the electrical characteristics of the individual ceramic elements, and provided

a means of subjecting a ceramic stack to impact shock.

3.2 DISCUSSION OF RESULTS

The life expectancy tests performed on ceramic rings and discs have pre-

sented extensive information on the effects of impact shock on the electrical

characteristics of the ceramics. The tests have also determined the relative mech- {
anical strengths of the ceramic rings and discs of all compositions tested,

The following is a discussion of the results obtained from the life expect-
ancy tests performed on ceramic rings and discs during the period from 1 May 1966

to 30 April 1967,

Figures 3-1 to 3-24 present the percent change after impact shock of
the ceramics' electrical characteristics. Table 3-1 presents the relative mech- 3

anical strengths of the ceramic rings and discs.
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3.2.1 COMPOSITION EC-55

P The changes that occurred in the dielectric constant after impact
shock were random for ceramic rings and discs of this composition, The maximum
change observed was approximately -6.0 percent for ‘he rings. In general, the
changes in the dielectric constant were within the normal statistical distribu-
tion of the unshocked test samples.

The effect of impact shocks on the dissipation was more pronounced.

Meximum changes observed were +24 percent for the discs and +36 percent for the

rings. The dissipation for both the discs and rings increased after impact shock,

as expected. The largest change in dissipation did not necessarily occur at the

highest impact shock amplitude. This substantiates the findings from previous tests

indicating that the dissipation increases to a maximum at a specific pressure and
decreases as the applied pressure is increased further. This coincident point of
maximum dissipation and pressure varies for each composition. The changes in dissi-
pation for the discs were random while a definite relationship between the impact
shock amplitude and the changes in dissipation exists for the ceramic rings.

The changes that occurred in the coupling coefficient for both the
rings and discs were random. There is no definite relationship between changes in
coupling coefficient and impact shock amplitude. The maximum change that occurred
was -1.4 percent for the discs and +7.0 percent for the rings. 1In general, the
changes in coupling coefficient were within the normal statistical distribution of
the unshocked test samples,

The mechanical Q for both the rings and discs was most affected

by impact shocks. Maximum change which occurred was -42 percent for the discs and
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-68 percent for the rings. The changes in mechanical Q were random for the discs;

however, the changes for the rings were related to the impact shock amplitude.
Table 3-1 shows the relative mechanical strength of the rings and

discs of composition EC-55. The strength of the ceramic ring is superior to that

of the ceramic disc,.

3.2.2 COMPOSITION EC-64

The changes that occurred in the dielectric constant were random;
however, the changes were well within the normal statistical distribution of the
unshocked test samples,

The dissipation for the ceramic rings increased with increasing
impact shock amplitude; however, the changes in dissipation for the ceramic discs
subjected to 6000 psi impact shock decreased. In general, the dissipation of the
ceramic rings and discs did increase after impact shock as expected. The maximum
change in dissipation was higher for the rings than the discs (+38 percent for
rings and +19 percent for discs).

A general trend of decreasing coupling coefficient was observed
for ceramic rings and discs subjected to impact shock. The trend is more definite
in the rings than in the discs. The changes in coupling coefficient for the discs
were within the normal statistical distribution of the unshocked test samples; how-
ever, the rings shocked at 33,000 psi displayed a decrease in coupling coefficient
of -16 percent.

As observed in other compositions, the mechanical Q of EC-64 rings

and discs was most affected by impact shocks. The ceramic rings showed a definite
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[ trend of the dependence of the degree of change in mechanicel Q on the amplitude of

1 l. impact shock. The change in mechanical Q increased with increasing impact shock
E
| " amplitude. This trend was not observed for the ceramic discs.

4 I Evaluation of Teble 3-1 indicates that the ceramic ring configura-
tion is superior to the ceramic disc configuration regarding their relative mech-
& anical strengths. The table also shows that the relative mechanical strength of

composition EC-55 (both rings and discs) is higher than that of composition EC-64.

3.2.3 COMPOSITION EC-65

A general trend of increasing dielectric constant for both the

rings and discs was observed. Both the rings and discs displayed the dependence

of the change in dielectric constant on the impact shock amplitude, As the impact
shock amplitude increased, the change in dielectric constant increased. The changes
in the dielectric constant due to impact shock were generally within the normal
statistical distribution of the unshocked test samples,

The changes in the dissipation for the ceramic rings and discs
were generally positive. Maximum 1ncrease.in dissipation for the discs was +27
percent and for the rings, +13 percent. The change’ due to impact shocks were ran-
dom for both the rings and discs.

The changes occurring in the coupling coefficient due to impact
shocks were relative to the amplitude of the impact shock. As the impact shock
amplitude increasc ., the change in coupling coefficient increased. This was true

for both the ceramic rings and discs. There is a definite trend in the changes

N S = e D e e

in coupling coefficient due to impact shocks. The coupling coefficient decreases
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with increasing impact shock amplitude and the number of impact shocks.

The mechanical Q was the most affected by impact shocks. There
is no defirite relationship between the changes in mechanical Q and the impact B
!

shock amplitude since the changes were random,
i

The relative mechanical strength of the rings and discs is shown

in Table 3-1, The rings were subjected to and survived higher impact shocks than a

the discs,

3.2,4 COMPOSITION EC-69

The effects of impact shock on the electrical characteristics of
EC-69 rings were not determined; however, the relative mechanical strength of this
composition is lower than that of the other three compositions tested. This was

expected since EC-69 is the hardest ceramic composition tested.

3.3 CONCLUSION

The results of the life expectancy tests performed on compositions EC-55,

T 0= g SO AN A TS S S

EC-64, EC-65 and EC-69 have presented vsluable information regarding the effects

of impact shock on the physical and electrical characteristics of these piezoelectric

ceramics,

In regards to the relative mechanical strensths of these four compositions,

EC-65 1s superior to the other three compositions. Also, the ceramic ring configura-

tion is mechanically stronger than the ceramic disc configuration, This is true 2
for all compositions tested. R
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The dielectric constant remained relatively constant after repeated im-
pact shocks for all compositions tested. Any changes that did occur were within
the normal statistical distribution of the unshocked test samples,

The mechanical Q and the dissipation were most affected by impact shocks,
The general trend was towards incressing dissipation and decreasing mechanical Q
sfter impact shock. The mechanical Q and dissipation of the hard ceramic compo-
sitions (EC-55 and EC-64)werc more affected by impact shock than the soft ceramic
composition (EC-65).

The coupling coefficient of EC-65 was more affected by impact shock than

that of EC-55 and EC-64.
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TABLE 3-1
CERAMIC MECHANICAL STRENGTH
AS A FUNCTION OF THE NUMBER AND AMPLITUDE OF IMPACT SHOCKS

PERCENT FRACTURE AFTER SHOCK NO:

SHOCK :
0SITION CONFIGURATION PRESSURE-PST 1 2 3 4 5 6 7 |
C-55 DISC 6,000 0 0 0 0 0 0 ¢

11,000 0 0 0 0 29 L
16,000 0 0 20 J
21,000 0 40
K1.1G 16,000 0 0 0 0 o0 0
23,000 0 0 20 |
27,000 0 0 20
33,000 0 0 40
C-64 DISC 6,000 0 0 0 o 0
11,000 0 0 0 0 o0 .
16,000 0 40
21,000 100
RING 16,000 0 0 0 0 o0 0 |
23,000 0 0 40
27,000 0 20
33,000 0 20
C-65 DISC 6,000 o o o0 o0 0 o0 o0 g
11,000 0 0 0 0 o 0 0
16,000 0 0 0 0 o0 0 0 1
21,000 0 0 0 0 o 0 0
RING 16,000 0 0 0 0 o0 0
23,000 0 0 0 0o 0 0
27,000 0 0 0 0o o0 0
33,000 0 0 0 0 0 100
C-69 RING 16,000 0 0
23,000 0 0
27,000 0 0
33,000 100
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PERCENT CHANGE FROM ORIGINAL
VALUE OF DIELECTRIC CONSTANT
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FIGURE 3-1
EFFECT OF IMPACT SHOCKS ON THE DIELECTRIC CONSTANT OF EC-55 DISCS
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4.0 HYDROSTATIC SHOCK TEST

The hydrostatic shock tests were performed to determine the effects of under-
water shock waves on the physical and electrical characteristics of mass loaded
transducers. These tests were conducted under conditions which simulated the actual
operating conditions of the transducers. The shock waves to which the mass loaded
transducers were subjected were produced by an underwater detonation of an explosive
charge. The shock waves were transmitted through the water directly to the face
of the mass loaded transducers.

The results obtained from these tests were compared with results obtained from
the life expectancy tests performed on ceramic rings and discs in an unloaded condi-
tion, using the laboratory impact shock apparatus, Comparison was made to determine
whether or not the mass loading of ceramics and the difference in test conditions be-
tween the two tests have any effect on the performance characteristics of piezo-
electric ceramic when subjected to impact shocks.

Hydrostatic shock tests were performed on four piezoelectric ceramic compositions
of ring and disc configurations. The compositions tested were EC-55, EC-64, EC-65
and EC-69. The ceramic ring configuration was tested because it is most commonly
used in the design of mass loaded transducers. The disc configuration was tested
so that a comparison could be made between the two configurations,

Hydrostatic shock tests were also performed on ceramic cylinders (1.50" OD x
1.25" ID x 1,50" long) of composition EC-31. EC-31 is & modified barium titanate
composition, commonly used in hydrophones or other receiving devices, and low
power projectors. The cylinders were electroded using two materials; the conven-

tional fired silver and electroplated nickel. The tests were conducted to determine
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der. Theoretically, the nickel plating on the ceramic will apply a compressive force

on the walls of the cylinder, thereby increasing {ts mechanical strength.

4.1 TEST SAMPLE ARRANGEMENT

|
whether or not the nickel plating would improve the mechanical strength of the cylin- i ‘

:

]

!
The ceramic rings and discs were subjected to hydrostatic shocks in a mass |
loaded condition (reference Figure 4-1). Since the ceramic ring configuration is |
used primarily in mass loaded transducers, this condition was simulated in the hydro-
static shock test. The mass loaded transducer was comprised of six active ceramic |
elements, the front and rear masses, and the clamping bolt(s). The ceramic elements
were bonded together with Epon VI adhesive with 0,003" copper mesh between ceramics.
The purpose of the copper mesh was to maintain a uniform thickness of Epon VI and
also for electrical connections of the ceramics. The front and rear masses were
secured to the ceramic stack with clamping bolt(s). A torque of 120 in-1b. was
applied to each clamping bolt, resulting in a tensile force in the bolt of approxi-
mately 667 pounds. This tensile force applies a compression of 377 psi on the cer-

amic discs, and 972 psi on the ceramic rings.

A Lucite housing for each transducer was used to isolate the transducer

from the water (reference Figure 4-2), 1Isolation of the transducer was necessary
to minimize off-axis shock waves., The desired direction of applied pressure to the
ceramic stack is parallel to its thickness. Any force not parallel to the ceramic
thickness will affect the results of this test. The radiating face of the transduccr |
was covered with Scotch Cast #221 polyurethane. The Scotch Cast #221 does not pre-
sent a boundry condition to the approaching shock wave because of its matched im-

pedance with water.

i 4@
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The ceramic cylinders were tested in pairs, as shown in Figure 4-3. Each
pair consisted of one nickel-plated cylinder and one silvered cylinder. The pair
was covered with approximately 3/16" thick PRC-1538 polyurethane, The inside dia-
meter was also filled with PRC-1538, This arrangement closely simulated the condi-

tions of an actual hydrophone,

4.2 TEST PROCEDURE

The electrical characteristics of the individual ceramics were measured
with the ceramics in a mass loaded condition, Measurements made were capacitance,
dissipation, resonant frequency and corresponding voltage output, and anti-resonant
frequency end corresponding voltage output, The resonant and anti-resonant frequen-
cies were measured in the planar mode of vibration. The transducers were then sub-
jected to hydrostatic shock in pairs, as shown in Figure 4-4, The test arrangement
in the water is shown in Figure 4-5., The transducers and the explosive charge was
suspended in water to a depth of five feet. At this depth, reflections of the shock
wave from the surface of the water and the bottom of the pond will have a minimum
effect on the transducers. The radiating fece of the transducers was positioned
to face the explosive charge. All transducers were subjected to the same amplitude
hydrostatic charge.

The ceramic cylinders were tested in the arrangement shown in Figure 4-6,
One pair of cylinders had its inside diameter filled with PRC-1538 while the other
pair was not. The cylinders were subjected to hydrostatic shock in an arrangement

similsar to that used for the mass loaded transducers.
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4.3 DISCUSSION OF RESULTS

ES T TR

'3
|

The results obtained from two hydrostatic shock tests regarding the mechan- §
ical strength of the ceramics were not repeatable, Table 4-1 presents the relative i
mechanical strengths of the ceramic obtained from the two tests. The results of
the first test indicate that the ceramic disc configuration is stronger than the cer-
amic ring configuration. The second test indicates that both the ring and disc con- }
figurations of all compositions have comparable mechanical strengths when subjected
to hydrostatic shock of 32,600 psi amplitude, This is lower than the hydrostatic
shock amplitude of the first test (34,400 psi). The first test also indicated that
the EC-65 rings and discs were stronger than EC-64 and EC-69 rings and discs.

The variations in the results obtained from the two tests may be due to
the following:

(a) The water temperature was different for each test., The first test

was conducted during the summer months when the water temperature was approximately ;
20°C. The second test was conducted in 0°C temperature water. At 0°C, the ceramic 1
properties may change, thus decreasing its ability to absorb shocks.

(b) The method of evaluating the changes in the electrical characteristics

was unreliable. Electrical measurements for each ceramic is made with the ceramic

stack in a mass loaded condition, Tests showed that ceramic stacks displayed multi-
ple responses even when no fractures were present in the ceramic. Mass loading

dampens some of the responses,

The electrical measu:r -ments for ceramics which had undergone the first
hydrostatic shock test could not be made. The acceleration of the transducer

caused by the shock wave tore the electrical connections from the ceramic. It is
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very probable that if electrical measurements were made, they would have indicated

that all of the ceramics were fractured. It is believed that the hydrostatic shock
amplitudes used (32,600 and 34,400 psi) are greater than the fracture limits of the
ceramics in a mass loaded condition,

The capacitance of the ceramics remained relatively unchanged after hydro-
static shock (rrference Table 4-2). Any changes that did occur were within the nor-
mal statistical distribution of the capacitance of unshocked ceramics,

The mechanical Q and coupling coefficient which are functions of /. f/fr
generally increased after hydrostatic shock. The normal trend is a decrease in these
two values after shock, The results obtained may be due to the method of evaluat-
ing the change in/ f/f, values. Since the ceramic displayed multiple responses, it
was difficult to decide which response should be used for calculations.

The general trend of increasing values for dissipation was observed; however,
the large changes (as high as x36) in dissipation was not expected, The large changes
that occurred after hydrostatic shock may be due to the mass loaded condition of the
ceramics. Previous tests indicated thet the dissipation of the ceramics does in-
crease with applied pressure. There is also a specific pressure for each composition
at which the dissipatfon of the ceramic reaches a maximum, This may account for the
unusually large chenges observed.

Table 4-3 presents the test results for ceramic cylinders subjected to
hydrostatic shocks, Apparently, 2000 psi is the threshold of the fracture limit
for these cylinders. In this emplitude range, 50 percent of the nickel-plated
cylinders fractured, and 100 percent of the silvered cylinders fractured. At 1900
psi, no fractures were observed, while at 4500 psi, 100 percent fractures occurred.

At the threshold value of 2000 psi, the indications are that the nickel plating did

I —— o - AR T
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improve the ceramic mechanical strength. No definite statement cen be made regard-

ing the effects of the PRC-1538 filling on the mechanical strength of the cylinders.

4.4 CONCLUSIONS

Although the hydrostatic shock tests performed on mass loaded transducers
have not resulted in conclusive evidence as to the effects it has on the electrical
and physical characteristics of the ceramics, the results obtained do emphasize the
necessity and importance of additional testing in this area, The results indicate
that the mass loading of ceramics may alter the behavior of the ceramics subjected
to impact shocks. Indications of the environmental affects on the ceramic charac-

teristics were also observed, particularly in the lead titanate zirconate composi-

tions,
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TABLE 4-1
RELATIVE MECHANICAL STRENGTH
SHOCK N
C TION CONFIGURATION PRESSURE-PS1 FRACTURES TEST NO. **
EC-64 RING 34,400 6/6 1
DISC 34,400 2/6 1
RING 32,600 6/6 2
DISC 32,600 6/6 2
EC-65 RING 34,400 1/6 1
DISC 34,400 1/6 1
RING 32,600 6/6 2
DISC 32,600 6/6 2
EC-69 RING © 34,400 6/6 1
DISC 34,400 1/6 1
RING 32,600 6/6 2
DISC 32,600 6/6 2
EC-55 RING 32,600 6/6 2
DISC 32,600 6/6 2

*THE FRACTIONS REPRESENT THE NUMBER OF CERAMIC
RINGS OR DISCS FRACTURED OUT OF A STACK COM-
PRISED OF SIX TEST SAMPLES.

**DIFFERENT TEST SAMPLES WERE USED ON EACH TEST.
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ELECTRODE MATERIAL SHOCK PRESSURE-PSI FRACTURES
NICKEL PLATED 2000 1/2
SILVERED 2000 2/2
NICKEL PLATED 4500 1/1
SILVERED 4500 1/1
NICKEL PLATED 1900 0/2
SILVERED 1900 0/2
*NICKEL PLATED 1900 0/2
*SILVERED 1900 0/2

*INSIDE DIAMETER FILLED WITH PRC-1538 POLYURETHANE
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FRONT MASS REAR MASS

CLAMPING BOLT

CERAMIC RING (6)
GLUE JOINTS

FRONT MASS REAR MASS
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FIGURE 4-1
MASS LOADED TRANSDUCER
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FIGURE 4-3
CERAMIC CYLINDER
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FIGURE 4-4
MASS LOADED TRANSDUCER TEST ARRANGEMENT
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FIGURE 4-5
MASS LOADED TRANSDUCER AND EXPLOSIVE CHARGE ARRANGEMENT IN WATER
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FIGURE 4-6
CERAMIC CYLINDER TEST ARRANGEMENT
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5.0 IMPACT SHOCK TEST ON MASS LOADED TRANSDUCERS

Impact shock tests were conducted to determine the effects of impact shock on
mass loaded trensducers, and also to correlate the results obtained from this test
and results obtained from l1ife expectancy tests. Results from the hydrostatic
shock test indicated that the performance of the ceramic in & mass loaded condition
differed from non-mass loaded ceramics when subjected to impact shock. It is be-
lieved that the hydrostatic shock test conditions may have contributed to the contra-
dictory results obtained from these tests and the life expectancy tests. Therefore,
it was necessary to perform the impact shock test on mass loaded transducers to
determine if mass loading and/or hydrostatic test conditions affect the performance
of the ceramics,

Ceramic rings and discs of compositions EC-55, EC-64, EC-65 and EC-69 were tested
in the mass loaded condition. The mass loaded transducers were similar to those used

in the hydrostatic shock test (reference Figure 4-1),

5.1 TEST PROCEDURE

The electrical properties of each transducer were messured. Frequency
response curves were also taken for each transducer. glectrical measurements for
the individual ceramic elements were not made because previous tests indicated
that this method of evaluation wes unreliable. The transducers were then subjected
to impact shock using the laboratory impact shock apparatus shown in Figure 2-2,
Esch disc transducer was subjected to one 21,000 psi impact shock and each ring

transducer was subjected to one 54,000 psi impact shock. The electrical properties
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were measured and frequency response curves were taken for each transducer after
impact shock. It should be noted that the temperature during testing was approxi-

mately 4°C.

5.2 DISCUSSION OF RESULTS

The changes that occurred in the electrical characteristics of the mass
loaded transducers after impact shock are presented in Table 5-1., Generally, the
changes that did occur in the electrical characteristics were in agreement with
results ' tained from the 1ife expectancy tests. Changes in the dielectric con-
stant were within the normal statistical distribution of the test samples before
impact shock, The dissipation for the mass lcaded transducers increased after impact
shock as indicated by life expectancy tests. The values of Af/fy, where Af = fa-f,
and fa = anti-resonant frequency and fr = resonant frequency, decreased after impact
shock, resulting in a decrease in the values of the coupling coefficient. The changes
in the values of mechanical Q were not consistent with results obtained from 1life
expectancy tests. These values either increased or decreased after impact shock;
however, the results do indicate the susceptibility of this characteristic to impact
shock,

All of the mass loaded ceramic discs displayed multiple responses, while
only the mass loaded EC-69 rings displayed multiple responses. Therefore, the mass
loaded ceramic rings were able to withstand higher impact shock than the mass loaded
ceramic discs. This was also indicated by life expectancy test results,

Figures 5-1 through 5-8 present the frequency response curves for the
mass loaded ceramic discs and rings, respectively. Changes in the frequency response

after impact shock are indicated by arrows,
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5.3 CONCLUSION

The results obt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>