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12, SUPPLEMENTARY KOTES

The Sonar Transducer Reliability Improvement Program (3TRIP) is sponsored
by NAVSEA 63X-T.
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Proyress accomplished during the third quartdr ef FY79 in the Sciar Transducer
Reliability improvement Program is reported. NEach of the nine program tasks
is discussed in some detail, The most siyniticant aspects are failure modes
in the TR-3i6 transducer desigx and the testing ‘echniques used to discove
them, the quantification of corcna ievels en ceramic and in wet and dry SFg,
accelerated reactions of polymers in water, and the discrinination of
transducer self-roise and spurious system noise.
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Sonar Transducer P~Yi.vility Improvement Program
NRL Problem 82 S02-43
FY79 Third Quarter Report

1. INTRODUCTION
1.1. PROGRAM OVERVIEW

The general objective of this program is to perform relevant -
engincering development which addresses the operational requirements
for fleet transducers for active sonar, passive sonar, surveillance,
counter-measures and deception devices, navigation, and acoustic
communications. The approach is to develop, test, and evaluate
improved transducer design, materials, components, and piece parts
that will meet specified requirements in the operational
environment during the entire useful life of the transducer.
Standards will be prepared to ensure that results obtained during
preliminary testing will be obtained consistently in production.
This program should result in improved performance and reliability
and reduced costs through better utilization and a more
comprehensive characterization of materials and design data. The
program goals are as follows: ‘

® Reductica in transducer replacement costs

Goal -~ less than 9Z of population replaced
each year with no automatic replace-
ments at overhaul

Threshold - less than 18% of population replaced
each year

e Improvement in transducer reliability

Goal - less than 1% of popvlation failures
each year

hreshold ~ less than 3% of population failures
each year

® Improvement in transducer receiving sensitivity

Goal ~ less than *1 dB variation from the
specified value over operational
frequency band

Threshold - less than *2 dB variation from the
specified value over operational
frequency band

by g 2t
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® Reduction in transducer radiated self-noise

!
E Goal - 30 dB reduction
Threshold - 2C dB reduction

The Sonar Transducer Reliability Improvement Program (STRIP)
is a part of Frogram Element 64503N, Major task areas with
specific objectives to achieve the program goals have been
described in the Program Plan and include:

& Task Area A. Encapsulation Methods

o Task Area B. High Voltage Engineering

: Task Area C. Cables and Connectoxs

Task Area D. Transducer Material Standards
Task Area E. Environmental Test Methods

Task Area F. Noise and Vibration _

Task Area G. Transducer Tests and Evaluation

TRV LT o Eyem o, e

» The FY79 Program Plan for STRIP has been funded at the $495 K
E level. The specific tasks and their Principal Investigators for
¥ FY79 are listed below: ?
‘ TASK PRINCIPAL IWVESTIGATOR
; ‘ A-1 Fluids and Specificatiens NRL C.M. Thompson
2 B-1 Corona Abatement NRL L.P. Browder
: | C-1 Cables and Connectors TRI J.S. Thornton
| (D. Barrett) .
3 D-1 Materials Evaluation NUSC C.L. LeBlanc - )
E-1 Standard Test Procedures NOSC G.L. Kinnison .
(J. Wong) ]
F-1 Noise and Vibration NOSC C. Bohman
G-1 Sleeve-Spring Pressure Release TRI J.S. Thornton
(L. Smith) §
G-2 Test and Evaluation NRL A.M. Young i
G-3 Engineering Documentation NWSC D.J. Steele §
(D. Moore) 3
:

1.2. SUMMARY OF PRCGRESS

During the third quarter of FY79, efforts in the various tasks
of STRIP have resulted in progress toward the program goals as
summarized below:

ot At b o

® The application of the concept of accelerated life
testing of sonar transducers continues on the TR-316
and DT-605 transducers (AN/BQS-8/10/14/20).
Important failure modes have been discovered in
the laberatory with the result that the TR-316
has failed first article testing. Identification
of the failure modes is in progress. GSee
Section 6.3.1.
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e A report entitled "Interim Report on Composite Unit
- Accelerated Life Testing of Sonar Transducers" has
been issued. See Section 6.3.2.

» The compatibility of several polymere with water
‘ has been shown to be simply accelerated by
’ , tewperature. See Sectioa 2.3.2.

® Polyalkylene glycol has been shown to be
sufficiently unstable as to make it unusable for
! any sonar trausducer. RDT&E of this fluid is thus
o terminated. See Section 2.3.4.

i ® Corona inception voltage (CIV) in dry and wet SF
" gas has been evaluated. These data togethar witg

; similar data for air allows an evaluation of CIV

in mixtures of these gases. See Section 3.3.1.

¢ e A test method and results are described that

' provides a useful means of comparing various

corona abatement techniques and materials used

in scnar transducers, and to evaluate the

corona resistance lifetime function. See :
Section 3.3.2,

¢ A VWorking Group for Cables and Connectors has
been established bv NAVSEA 63XT to address long-
ctanding problems with cable and connector
subsystems. Two meetings have been held. See i
Section 4.3.2,

® A coopevxative effort between NOSC and NWSC has :
been established to improve the discrimination
between transducer self-noise and extraneous
noise, See Section 7.3.2. !

~
1 TR T

1.3. PLANS

The program plan for STRIP was prepared for FY80 and presented
to NAVSEA for approval in iay 1979, The plan defined a $900 K
engineering developuent effort directed toward the solution of real-
life problems of the fleet trunsducers. A total of 33 propousals
asking for 51900 K was received from the varicus Navy laboratories
and contractors and considered for inclusion in the FY80 plan.

The FY80 Program Plan will be distributed to interested
parties in the FY79 fourth quarter, after the NAVSEA funding level
is established and appropriate fine tuning is accompiished,
Preparations will be made for an early start in FY80.

L ittt i st e 2 il 5
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1.4, REPORT ORGANIZATION

The remaining sections of this quarterly report will discuss ;
the objectives, progress, and plans for the specific tasks included
in the STRIP, .
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2. TASK A-1 - TRANSDUCER FLUIDS AND SPECIFICATIONS
2.1. BACKGROUND

A material to be used for filling a sonar transducer must meet
a wide variety of specifications. The requirements imposed by the
electrical nature of the device include high resistivity, high
dielectric constant, as well as resistance to corona and arc
discharges. The water environment of the transducer necessitates
low water golubility and other attractive solution properties. In
addition, the fluid must maintain its electrical and other properties
in the presence of any water vhich permeates the covering. The
acoustic requivzments are a close acoustic impedance match with
sea water and resistance to cavitation at high-drive levels. Other
obvious properties include compatibility with other components,
stability to degradation, suitable surface tension, and viscosity.

With such a wide variety of requirements, it is not surprising
that compromises have to be made., The most commonly used fluid for
wany years has been castcr oil. Thie use is in spite of its high 1
viscosity. Each of the fluids proposed, so far, as a replacement has ]
serious drawbacks. Silicone oils tend to creep onto and wet all of ]
the surfaces of the transducexr., This greatly complicates bonding
the couponeats together. Pelyalkyiene glycol (PAG) has che dis-
advantages of a high water solubility and low electrical resistivity.
The varxious hydrocarbon liguids have too low an acoustic impedance
and zre frequently incompatible with the varlous plestics and
rubbers in the transducer. Further research is necessary to find
and qualify fill-fluids whicl represent the best match to all the
requircments imposed upon it.

2.2, OBJECTIVES

The objectives ¢f tnis task are:

e To find plausible new transducer £ill-fluids which
combine 21l the best properties. Candidates include:
hydrophobic-polyethers, sterically protected esters, >
chlorine - or fluorine - containing hydrocarbons,
methyl alkyl siliccnes, and possibly aromatic
hydrocarxtons,

ket et

e Tc apply the criteria developed during the PAG
and castor oil testing to the most promising
candidate fluids,

2.3. PROGRESS

D R DU

2.3.1. Polytetramethylens glycol (PTMG) is a comuercially available
polyether compound. Commercial PTMG contains two hydroxyl functional
groups which greatly influence its properties and reduce its use-
fulness as a transducer fluid. The modification of PTMG should

ot b b,
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- provide a material with the advantages of polyalkylene glycul {such
v as viscosity, sound spced, PVT selations, compatibility), but
without some of the critical disadvantages. The proposed modified
PTMC has a lower proportion of ether-type oxygens than PAG. This
will reduce the polariry of the wmolecule and result in decreased
wvater solubility parameters. The increased separation batween
oxygen atoms eliminates the prcblem of chelation of matal ions
discovered in PAG.

L Research on PTMG has been carried out this quarter under an

o in~-house 6.1 program. After the details of the synthesis are
worked out, the research will tranaition back to STRIP. The

‘ modification of PTMG has been accomplished by "capping" the

i hydroxyl end grouvps with hydrocarbon groups. Di-methoxy, di-

| tertiarybutoxy, and di-phenoxy derivatives have sll been made and

all have some attractive transducer-rclated properties (such as

i densities and water solubilities). Unfortunately, all also have

too high freezing points (or pour points) for universal use.

Further research in this area will be directed at (1) use of a

slightly lower molecular weight PTMG and (Z) introduction of

branches in the polymer backbone. }

2.3.2. The interactions between sea water and elastomers,
encapsulants, and plastics are a poteutial source of failure im any
sonar transducer. The rapld degradation of the polyester types of
polyurethanes prov.des a glaring example of this mode of failure.
A preliminary study has begun with several compounds of each type
exposed to both salt and fresh water with some studies also
3 o performed at elevated temperaturcs. Weight change, swell, and
hardness change are being monitored. From data collected thus far, p
it is apparent that sea watexr has a definite effect on elastomers
and plastics. This is evidenced by changes in all che physical
% & properties belng measured. Weight change is not an absolute

: measure of degradation of a material, but it gives an accurately -
measured, relative indication of char-esz. A log-log plot of the
fractional weight change versus time - .n provide an indication
whether the changes occurring are dirfusion controlled. Such a
process would yleld a plot with a slope of 0.5. As seen in
Figs. 2.1 and 2.2, the attack of both salt water and fresh water
upon Neoprene W (USRD formulation) is diffusion controlled.
However, polycartonate plastic (Lexan) in Figs. 2.3 and 2.4 shows
more complex curve shapes, indicating a process other than siaple
Fickian diffusion.
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The rate of the process at each temperature can be determined
by extrapolating these log-log plots to t = 1 hr. A plot of the log
of the rate versus the reciprocal absclute temperature will yield
a line whose slope is related to the energy of activation of the
process. This prucess 1s illustrated for the data from Fig. 2,1,
Neoprene W in Salt Water. The plot is shown in Fig. 2.5.
0.0160
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A least-squares fit of the data yields the following equation
for the fractional weight change:

ﬁ#“l = 18.0 t% exp(~1511/RT) €2.1)

[ ]

where ﬁf is the fractional weight change,

t is the time in hours, _
R is the gas law constant (= 0.4749 Joules/mole °K), and
T is. the temperature ia °K (= .°C.+ 273 1.

Again, weight change is. not an absolute indication of degrada«
tion of the material, but this analysis clearly indicates that the
degradation of at least some of the materiais is simply accelerated
by an 1ncrease in temperature. This holds great promise for the
more practical research planned for FY80 on the degradation of
polymers by water exposure.

2.3.3. The tests on methyl alkyl silicone (MAS) has continued
during the third quarter of FY79. Figure 2,6 is a summary of the
results, As before, weight change provides only a relative
indication of degradation of the elastcmer. From this graph it is
seen that Polyurethane (PRC 1538) is affected wvery little by MAS,
The 2200 hours of the test at 80°C are equivalent to !2 years of
exposure at ambient ocean temperatures (assuming 1450 J/mole
activation energy and a diffusion mechanism as discussed in
paragraph 2,3.2).

a8,

Dutyl
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Palywrethane
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Fig. 2.6. Compatibllity ot rati) Alxy! Stlicone with Elastorers,
Tesperature = 80%C
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2.3.4. Additional testing performed recently has further

condemned polyalkylene glycol (PAG) as a sonar transducer fluid.
During laboratory tests it became obvious that PAG undergoes air
oxidation on standing a2t ambient temperatures. This air

oxidation results in a greatly increassed water solubility limit

(to a value near 3.5% H,0 in our instance). This would further

; degrade PAG's already low electrical resistivity. Presumably,

9 ' the compatibility of PAG with both rubher and metal parts will also
' : be negatively affected by the air oxidation,

It is now thought that the many weaknesses of PAG as a
transducer fill-fluid outweigh any of the advantages of itec use.
Further testing or reporting on PAG will be terminated. ‘
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‘2.4, PLANS

i ¢ Complete article or the rate of water permeation

L

b

;

&

L intc non-ideal-cil-filled transducexs.

b 23 July 1979 ;

5‘ ¢ Complete peal tests on methyl alkyl silicone 3

%; exposed metal panels. ;

;é e Perform physical, chewical, and acoustic tests ;

E; on modified PTMG. .

E? e Conclude the preliminary tests of the effect o

o 3 of salt and fresh water on polymers and publish . i 3

5 the results in Memo Report form. ’ 3

15 Aug 1979 ;
: e Prepare a report on the castor oil-water phase :
/ diagram and vapor-pressure behavior.
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3. TASK B-1 - CORONA ABATEMENT
3.1. BACKGROUND

A significant percentage of transducer failures is due to
voltage bLreakdown of insulating materials developing from corona
erosion mechanismgs. It is not practical to test the end item
(transducer) to quantify the effects of corona erosion on
transducer reliability and lifetime. Corona must be studied as
a failure mechanism at the component or piece-part level to
quantify the protection requirements and establish reliability
factors. Transducer reliability may then be achieved by conttol
of design parameters and construction processes.‘

3.2. OBJECTIVES
_The objectives of this task ave:

e To provide consultation in selecting materials
useful in corona abatewent for sonar transdicers.

® To reduce corona and flashover Jdamage by
nuantifying voltage breakdown levels with
various design parameters that may be
specified and controlled.

e To study the insulating properties and corona
resictance of the piezoelectric ceramic material
that #s an essential part of sonar transducers.

s To ideatify and test various thin films and
coatings with high dielectric strength to
establish their usefulness at reducing corona.

» To determine the quality control factors to be
considered for corona abatement materials and
methods selected for use in transducers.

¢ To provide guidance for establishing general
specifications for corcna abatement and high-
veltage design and construction.

3.3. PROGHTSS

3.3.1. Tests tere made of the point-tc-plane corona inception
voltage (CIV) of dry ard wet sulfur hexafluoride gas (SF.) to
provide a comparison with similar characteristics of air presented
as Fig. 3.1 of the First Quarter Progress Report [1]. The
measurements on SFg were made at a temperacure of 25°C and at
pressures of 35, 70, and 101 kPa. The drv gas had a water vapor

[1] "STRIP First Quarter Keport," NRL M ~randum Report 4014,
Task B-1, January 197¢
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partial pressure of less than 0.24 Torrx oxr 1% relative humidity
(R.H.), and the wet gas had 2 water vapor partial pressure of
approximately 20 Yorr or 857 R.fl, The procedure for cbtaining the
wet gas Iinvolves first int:roducing water vapor into the test
chamber coutaining a high vacuum to establish tiae water vapor
partial pressure, and then completing the test chamber f£ill with
the dry gas. The CIV voltage level was measured using the Biddle
coxona detector witn sensitivity sufficlent to detect 3 pC
discharges. The system voltmeter was calibrated using instrument:
with traceability to NBS.

Results of the tests with dry and wet SFg at atmospheric
pPressure are presented in Fig. 3.1. Curve A is an approximate
: S Indication of the uniform electric field breakdown characteristic
; ’ cf SF, end was obtained irom the technical literature [2]. The CIV
' curves show variation with different poiut radii ranging from
0.0065 —~ 0.31, cm. The diffevencss between the dry and wet gas arc
sintlar to ti'ec same effects in air and are shown in Fig. 3.2 as a
function of point radii »ith electrode spacing of 1.0 cm. The
[ change of CIV wiil S¥, gas pressure (p) was computed from the data
at difierent pressures aud fcund to be proportional to p+6° .

¥

A IR R A TR T e T e g T

S BgigER R A
YRR LT

CiV Decrsase tAVY)
s
R 3

004 L] 04 4 A )

Point Rudius tem)

Fig. 3.2, CIV decrease in wet SFg compared to the dry
gas as a function of point electrode radius

[2] J.M. Meek anc J.D. Craggs, "Electrica? Breakdown of Gasses,"
John Wiley & Sons, New York, pp 576 (1978)
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Thesa results are usefud data tor evaluating CIV on wires,
solder tabs, and various metal electrode confipwrations in sonar
transducers filled with SFg gas. These data together with that for
air [1] will allow an approximate evaluation of CIV for air, SFg,
and water vapor mixtures if the relative gas concentration fractions
sre known.

3.3.2. The wost useful 1esults concerning PZT ceramic lifetime in
the presence of corona have been obtained using a wafer of the
material between the point-to-plane electrode configuration. This
test allows establishing relatively high levels of corona on the
ceramic surface and is stable over a fairly long period of time.
Although this test does not truly measure the corona response of
sonar transducers, it does provide a useful means of comparing
various corona abatement techniques and materials. The test has
been used by several investigators to evaluate insulating materials

[3].

Figure 3.3 shows a response of this test to 1 mm thickness
specimens of PZT and glass in dry and wet air atmospheres. The
curves reveal that PZT allows the formation of corona discharges
with levels 30-40 times greater than with glass, and that water
vapoir in the air reduces the corona discharge level.

The following are some interesting observations made during
these tests.’

e Ceramli~ failure due to corona {puncture through
the sample) usually occurred inside microscopic
cracks in the ceramic.

e The PZT ceramic endured a corona discharge
level of 80,000 pC for nearly an hour before
failure, and 50,000 pC for eight hours without
failure.

P

e At corona levels greater than 120,000 pC,
sustained arcing begins and ceramic failure
occurs in abou: 3 secoads,

3.3.3. The application of ASTM D495-73, Standard Test Method for
High-Voltage, Low-Current, Dry Arc Resistance of Solid Electrical
Insulation, seems to be restricted to arcing appiications and will
have limited usefulness in evaluating corona abatement problems.

Tt was used to obserwve the low-current arc breakdown of PZT.

After the surface arc is Initiated, track formation and material
breakdown nccurs within a few seconds. As the track forms, the

arc intensity dims and becomes a bright glow in the conduction path

[3] L.L. Alston, "High Voltage Technology," Oxford Univexsity
Press, London, pp 164-166 (1968)
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Fig. 3.3. Relative corona discharge levels on PZIT ceramic .

and glass surfaces in dry and wet air i
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i

at the bottom of the track. Particles of PZT may urack loose on ;
either side of the track, and a purple powder is deposited around i
it, When the arcing is stopped and the track allowed to cocl, the '
ceramic regains 50 - 75% of iis original electrical strength. :
3.3.4, A s¢ s of tests were made on eight discs of Type 1 (PZI-4) A
ceramic wit 1iameter of 1.27 cm (0.5 in.) and thickness of 5
0.635 cm (U in,) to establish the corona and flashoever voltages :
of the clean 4ty material. The results are summarized in Table 3.1, %
- ]

i
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cIv (kv) FLASHOVER (KV)
R.H. OF AIR STANDARD | . | stampasp
AT 25°c | AVERAGE | peviatron | AVERAGE | peviaTion
<1z 5.68 1.09 7.28 .42
902 3.87 .81 7.33 .35

Table 3.1. Ceramic corona in wet and dry air

These results indicate that with transducer designs such as
the AN/SQS 56, the critical design factox in corona abatement is
not the ceramic stack. Instead, use of adequate size hook-up wire
(no smaller than #22) and the avoidance of sharp edzes and points
on solder tabs are required. Drying the ceramic and sealing in
dry air helps increase the CIV,

3.3.5. Communication was maintained with the Transducer Repair
Facility, Portsmouth, NH, to monitor the problems associated with
the gas filling procedure for the TR-155 transducers. Information
was received concerning the high-voltage test failures that occurred
between 1 January and 22 June 1979, There were 1728 units processed
and 17 failures, thus ylelding ¢ failure rate of 1%X. This indicates
that although the revised gas filling procedure is an improvement
compared to the previous method with its 5.5% failure rate, it is
still inadequate and should be instrumented to provide a positive
indication of a complete gas fill.

3.4. PLANS
3.4.1.  Continue the study of the PZT ceramic lifetime function to
evaluate and identify specific ceramic defects that contribute to

premature voltage breakdown.

3.4.2. Mske a detail study of corona and arc formations on ceramic
surfaces.
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4. TASK C-1 - CABLES AND CONNECTORS
4.1. BACKGROUND

The use of cables and connectors is an area of concern for
long-term sonar reliability because of a histoxy of failures.
Deficiencies can be geunerally categorized in the four areas of:
design of cables and terminations; specification and testing;
handling; and repair and maintenance. Specific problems have been
identified in a recent failure modes and effects analysis of cables
and connectors prepared for NAVSEA by General Dynawics/Electric
Boat. They coaclude, that of all the problem areas, the loss of
bond »f the molded boot. to the connector shell or to the cable
sheath is the most probable cause of failure. Cable jacket
purcture in handling, at installation or in service is considered
to be the second mest probable cause of failure. These are the
two problem areas vo be addressed here.

4.2. OBJECTIVES

The general cbjective of the task is to provide improved
reliability in the cables, connectors, and related hardware for the
outbuvard elewents cf sonar transducer systems. It is occasionally
necessary ivc also consider portions of the system interior to the
ship's hull because the sam: cables are often uced for significant
diotances through compartments inside tbe chip before terminating
at their ultimate elect.onic package destination.

Specific objectives for the FY79 task are as follows:

e Investigate the vse of cable/connector boot
clamps to determine reliability and failure modes.

e Investigate the strength of unshielded cable and
and shielded cable to determine reliability and
failure modes.

4.3. PROGRESS

4.3.1. Work to fulfill these objectives is being pexrformed under
Contraci N00173-79-C-0129 by Texas Research Institute, Inc., A
task outline cof this work, which began on 6 Apiil 1979, is as
follows.

The first phase of this procject is to investigate the strength
of unshielded and shielded cable to determine reliability and
failure modes. This phase is composed of thre=s tasks.

TASK 12 Develsp Mission Profile and Test Plan

The purpose of Task 1 is to produce quaantitative data
about the environment and conditions which cables
experience during storage, installation, ship
operations and maintenance, to Jdesign a test plan to
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adequately simulate those experiences, and t~ obtain
sufficient cable to evaluate the program.
TASK 2: Comparative Testing of Cables

The tes. plan devised in Task 1 will be carried out with
the testing of several cables commonly used in the fleet.

They are:
SHIELDED UNSEIELDED
DSS-2 D3U-2
DS5-3 DSU-3
DSS-4 Trident 2-Conductor
FSS-2 Butyl 2-Conductor

DPSU-2 with reinforcement

Tensile tests of the cables aud cable components have
been started using & 10-cm diameter capstan grip. 1
Components for the intermal sbrasion test equipment

are being assembled. Two crush tests as described in
ANSI/UL 44 will be used, These tests are the procedures 3
identified thus far that will result in comparative data ;
for crush and impact resistance in the shielded and !
unshielded cables. Relations of this approach to the ] ]
test plan parameters and the mission profile will be 3
discussed in the next progress report.

TASK 3: Analysis of Results

Results of the tests conducted in Task 2 will be
examined to determine relative abilities of shieldad and
/ unshielded cables to survive the Mission Profile.

The second concurrent phase of this project is to investigate
the use of cable/connector boot clamps to determine zelisbility and
failure modes. This phase is composed of five tasks.

Al i oo e e it~

PR TISET

TASK 4: Develop Mission Profile and List Candidate
Clamps .
The purposes 0f this task are to produce a quantitative
estimate of the Mission Profile of the connector, and
d complete list of candidate clamping systems which may
be selected for the tests., Continued evaluation of
clamps has led to the following selections for this
project:

Oetiker Ile. 16, %" dia, 316 s.s. single ear clamp with bridge
Oetiker No. 381, 1" dia, 316 s.s. single ear clamp with bridge » :
BAND-IT No. J253, 201 s.s, %" wide preformed clamp :
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The Oetiker clamps will be the primary clamps on
connectors with the BAND-IT available as a back-up.

All of the above clamps are preformed and as such may
not be suitable for installatior on existing connectors.
These, however, will give uniform and controlled
clamping to both zonnector backshell and cable, and are
ttie most likely to result in a sealed connector.

TASK 5: Manufacture Instrumented Connectors

Under this task, TRI is manufacturing a quantity of
MIL-C-24231 (Portsmouth) connectors which have been
modified to permit instrumentation. The instrumentation
will allow immediate determination of the presence

of a leak and identification of the leakage paths.
This approach will produce more useful data than using
unmodified production connectors because the leakage
paths can be positively identified and the leakage
interface isolated. Since the leakage paths are
isolated, the test of a conmnector can continue after
one path has leaked in order to have more time for
the cother path to fail.

TASK 6: Conduct Factorial Experiment

In this task, a number of iustrumented connectors
wlll be pressure tested to determine if they develcp
leaks in either of two leakage paths between the
boot and the metal backshell, and between the boot
and the cable. A matrix will be constructed by
assembling connectors with each of the combinations
of features listed below:

Material: Neoprene and polyurethane
Cable Type: Shielded and unshielded

Bond: Bonded and unbonded

Clamp: None, Clamp 1, Clamp 2, Clamp 3

As can be seen, there are 32 combinations of the
parameters of interest making up a matrix of tests.
The resulting data will be manipulated using the
method of Yates which is capable of revealing the
sensitivity of the result to each of the constituent
paraueters as well as the iInteraction effects and
internal estimates of experimental erxrror.

TASK 7: Conduct Accelerated Life Tests on Connectors

A set of 32 instrumented control connectors
manufactured under Task 5 will be subjected te
accelerated life testing (ALT). The control connectors
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will be polyurethane, bonded onto the shielded cable
with no clamps. After Task 6 is completed, the one
most attractive combination of inaterial, clamp type,
etc., will be selected, and 32 ideatically instrumentad
connectors will be built of that preferred combination.
Those sclected connectors will thken undergo accelerated
life testing identical to that experienced by the
controls. The accclerated life tests will include

: aging at elevated temperature, pressure cycling,

* fatigue testing, and ultimately a destructive pull

test of the cable out uf the connector. The concept
of accelerated life testing will follow the general
concept exercised in STRIP Task Area E.

s

-

TASK 8: Analysis of the Test Results

The results of the two tests (Factorial Experiment and j
Connector ALT) will be examined to provide answers i
to the questions about reliability and failure modes 3
of boot clamps and to organize the additional data ]
for useful presentaiion.

o e e < e g .

v e

: 4.3.2. One result of the work done in this task area of STRIP in ;

K FY78 was the recommendation to establish administrative and ’
logistic contiol of cables and connectors at the NAVSEA ievel, just

' as had been done in the past with the transducers themselves. One
step in this dicection has occurred with the establishment of a
Cables and Connectors Working Group headed by C.A. Clark of ,
NAVSEA 63XT. Two meetings of this group have heen held (11, 12 ]
April and 12, 13 Jun 1979). The initial oh‘eciives have been to
quantify the specific cable and curi:zct. = problems, obtain data,
and lay out a plan of actior “¢ Iuprove the situation. The
approach will include * » :uch as in this STRIP task as well as
work in operations, :uatity control, and maintenance. Minutes of :
the meetings are available from C.A. Clark, NAVSEA 63XT.

R i o
~

., 4.4, PLANS

Work will continue on the contracted project and is
scheduled for completion in six months, Another Cables and _
Connectors Working Group meeting will be held in August 1979 on ;
the DT-276 cable/connector subsystem.
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' 5. TASK D-1 - MATECTALS EVALUATION
5.1. BACKGROUND

Pressure release mate-ials are used to mechanically and/crx
acoustically isolate soume components of sonar transducers to improve
overall acoustic performance. Normally the pressure release
materials must cperate effectively under bias stress anywhere from
50 psi to 3 kpsi over a discrete temperature range, e.g., 5°C to
40°C. To predict performance it is essential to know the properties
of the materials under the imposed constraints. Previous measure-
ment methods for determining the properties of some pressure
release materials, such .as Sonite (an asbestos - glass fiber
composite) , onion-skin paper, syntactic foams, Hytrel (a
E thermoplastic polyester elastomer), etc., have given relative
results wiht a hydraulic press or bulk effects with an impedance
; tube. There is a strong need to correlate existing measurement

‘ data and to establish a standard measurement system to be used by
the Navy for incorporation into specifications and/or acceptance
tests on pressuve release materials. 1

O

An additional problem is that pressure release materials

§ absorb the transducer fill-fluids, This process inecreases the

‘ acoustic impedance of the pressure release material and thus reduces _
the effectiveness of its acoustic insulation. Degradations of 3
from 3 dB in 3 years to 6 dB in 10 years have been reported in
transducers in the field, and attributed to changes in the
pressure-release material.

There are thus tio phases to this task: the material 3
characterization phase; and the fluid absorption phase.

5.2. OBJECTIVES
The objectives of this task are: !

~N
U TR

¢ To Initiate and evaluate a standard dynamic
measurement system to determining the properties
of pressure release materials over the ranges
of stress from 50 psi to 3 kpsi and at
temperature froem 5 to 40°C.

TP VS

* To measure and evaluate candjidate pressure ;
release materiuls, such as Sonite, onion- i
skin, corprene, etc.

¢ To quantify the changes in acoustic properties of
cork-rubber composites a. they absorb tramsducer
f111-fluids,

e

“ﬁl,hm..uu e ML %
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s To develop a math model that will predict changes
in the acoustic properties of cork-rubber
composites with time (and in turn predict changes
in transducer directivity and sensitivity).

e To identify the specific problems with DC-100
which may eventually . :ad to its replacement
with a more suitable material.

, ‘ 5.3. PROGRESS

! 5.3.1. The dynamic measurement system for the material characteriza-
- tion phase was described in the last quarterly progress report, and
will not be repeated here. .The supporting structure to freely
- suspend the mechanical measurement system has been built during this
past quarter. The supporting structure is a movable unit so that
the sample holder alone can be placed inside a temperature chamber
i and retracted. Tne complete assembly weighs approximately sixty
' pounds. The monitoring equipment has been assembled and the next
; step is to make a trial measurement run and alter the system as
, needed (e.g., to eliminate unwanted or spurious low-frequency
resonancies in the system response, to reduce lateral clamping
effects by the selection of a proper lubricant, instrumentation
problems, etc.). Once the system is accepted as a viable measuremert
. scheme, initial measurements will be made at yroom temperature on
| N paraffin samples with different length-to-diameter ratios to
: determine possible lateral constraint effects induced by fricticn
between the sample and loading mass surfaces. Afterwards, ;
conventional pressure release materials such as onion-skin paper,
gﬁ Sonite, corprene, and Hytrel will be measured versus stress level
‘| : tu determine the extent of agreement with other published information
Ve / on the materials. Temperature measurements are not expected to .
o begin until FY80, 4

5.3.2. The phase of this task concerning the absorption of
transducer £f111--flaid by the pressure release materials has
1 continued. Selections of cork-rubber composites have been soaking
o in castor oil, silicone o0il, and polyalkylene glycol, and the

; permeation of the fluid has beeu monitored by gravimetric analysis,
- microscopic analysis, and by microtome sectioning.

I st T ol A ot e

The gravimetric analysis of oil permeation was concluded after
12 months (although 25°C tests will continues indefinitely). As an
example of the collected data, Fig., 5.1 is a graph showing the
temperature dependence for DC-100 immersed in castor oil (a
; commonly used combination). The ordinate is given as the flow of
4 transducer fill-fluid through the exposed surface area in milligrams : 4
per square centimeter). The abscissa is the time (in hours) on a :
log scale. Most other combinations have similarly shaped graphs will :
varying degrees of curvature,
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, Temperature dependency of oil soaking is, as usual, a complex i
; . function involving several steps with different energies of
ff g activation. It is obvious from Fig. 5.1 and the other similax graphs ]
/ A that the reaction is being accelerated by the increase in temperature. 3
¢ Calculations have been made to find the energy of activation in the '
» co region beyond the first layer of exposed cork, which would be 4
. influenced by viscous flow, and the middle of the sample, where 2
4 the oil converges from the two exposed sides. It can be seen in :
= Fig. 5.2 that the slope of the log-log plot of the flow of castor b
- 0il within this time frame is approximately 0.5 for the three j
2 temperatures tested. This, according to Fick's Second Law at g
E. diffusion, identifies a diffusion process. !
3 H
i
= n ;
k = ko t (5.1) ]
where; k = rate of absorption :
ko = specific rate of absorption 3
t = time j
i
or 3
5
i
log k = n log t + log ko (5.2) !
1
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Therefore, the slope of the log k vs log t plot gives the value of
n, Also at t = 1, log k = log ko.

Given thies relationship, ko was determined by extrapolating
back to 1 hour on Fig. 5.2.

* » seveed

FLUX OF CASTOR OIL (ag/ce?)

H i CEEER HEgEs:
Io 100
TDE (HOURS)

Fig. 5.2. Log-log plot of flow of ;:lstor ofl ti ;
of DC-100 at 25°C, 75°C, and 100°C. rough the surface ) ]

In Fig. 5.3 is shown the relationship of the natural log of 4
the extrapolated value of k, and the reciprocal of the absolute

temperature.

whare: A =

Relating this information to the Arrhenius Equation
k, = A-exp(nEa/RT) (5.2)

frequency factor

. energy of activation

1
Y]
"

-3
i}

absolute temperature (°K)

R = gas law constant (0.4749 Joules/mole °K)

or

In k= ("Ea/R) (é—) + In A

Therefore, the slope of the In k, vs %-line equals ~E

Fig. 5.3 the slope is -3670, therefore

Ea = 1745 Joules/mole

24
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An activation energy of 1745 Joules/mole is in the expected
range for such a diffusion.
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Fig. 5.3. Hatural logarithm of spacific rate vs
reciproc.) absolute temperature for
DC-100 1n PAG.

5.3.3. The microtome sectioning and microscopic analysis of cork-
rubber composites exposed to castor oil were also concluded at the

et et A o A5 o il Seatndiit

end of 12 months exposure., Samples that had been exposed to %
castor oil at 25°C and 75°C were sectioned at 250 um intervals and %
weighed to determine the increase in weight per section (and there- i
fore the increase in density). The sectioning was performed at :
3 month intervals. Although the data have not been fully analyzed, :
several important factors will be found by this techntque. These :
irclude the rate of advance of the fluid front as a function of :
time and temperature; the thickness of the fluid front; the (
maximum density of the composites: and whether or not the A .
composite 1s dissolving along the exposed edge. i

i
;
!
-4
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5.3.4. Impedance tube testing is undexway to determine the
reflection coefficient, speed of sound and attenuation for the
cork-rubber composites. These tests are being conducted usin
samples with varying degrees of castor oil saturation. This will
eanable 2 mathewmatical model to be formulated that will predict
acoustical changes in cork-rubber composites with time.

T e P e

5.4. PLANS

e Impedance tube testing will be continrued to
determine the acoustic changes in cork-rubber
ccmposites with transducer £fill-fluid absorption.

TSR e e T e e

i e With information accumulated from the above tests,

éf a math model will be formulated and tested on a
| transducer element.

¢ Recommendations will be made ahou* either a
better pressure release materiazl, a method to
minimize changes in existing materials or a way
to compensate for changes.
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3 6. TASK E-1 - STANDARDIZED TEST PROCEDURES

CTRAT

6.1. BACKGROUND

It is at present not possible to subject a transducer specimen
to a series of environmental stresses over a short time period and
¢ - prove, if it passes certain operating parameter tests, that the
specimen is a reliable transducer with a certain minimum expected
: . life in fleet use. Of course, if we could simply use a set of
] - transducers for the desired fleet life, we could check the failure
| : rates against acceptable replacement or repair rates. But the
L : approach here is to accelerate the environmental stress actions, and
" : thereby subject the transducer specimen to seven years of liie cy:le
stresses in a few weeks ox months.

S | 6.2. OBJECTIVES
S

X ’ The ohjective of this task is to develop a sef. of standardized
§ procedures to accelerate the aging of transducers bzsed upon
: ‘ environmental stress requirements.

6.3. PROGRESS ]

6.3.1. TR-215 and TR-316 Transducers ]

, . The Ametek-Straza TR-215 (prototype) and the TR-316 first

i article transducers failled tc pass the high-drive accelerated life
; . test (Tables 6.1, 6.2 and 6.3). This resulted in notification {1)
to the contractor by NAV3EA 63XT of unacceptability of the Straza
first article test report. Specifically, the failure was in the PD
or wide beam sections of this under-ice navigation sounding
transducer. The PD sections, when driven continuously at 126 volts
rms and swept In frequency across the operating band initially
shcwed satisfactory impedance measurements, well above the 50 ohms i
minimum required. But after a period of time ranging from a few
minutes to several hours, the impedance began to drop below 50 ohms
and the drive current, which may have been approximately 1.75 amperes
initially, began to rise. NOSC, in testing these PD sectioms,
stopped the testing when the current exceeded 3.0 amperes. In six
nf the eight PD sections (two TR-215 and two TR-316 transducers),

- » the current was in a runaway condition when the test was terminated.
. » The two TR-316 transducers, S/N A2 and A3 were returned to Straza. :
& ’ Upon disassembly of the two TR-215 units (S/N 2 and 4), the
longitudinal resonators (there are five resonators wired in
parallel in each PD section) showed signs of overheating (the
Syigard 184 had extruded from inside the resonator, a few of the
ceramic rings had cracked and other signs at the rubber nodal
grommet and acoustic window also indicated heat).

YT R
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[1] NAVSEA 63XT!:CAC N00024-78-C-6090 Serial 72, 18 ifey 1979
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CONTIMUOUT DRIVE AT LOMEST OPERATING FREQUENCY.
! NIGH DRIVE HAS RxMOVED WNER INPUT CURRERT EacEEDS & AWPS.
.
TEST | iy TRAFSOUCER POSTTION
i ware | sm 0 o A AU SO 7S 0O B 8 \ATeR DerTH
|
1
>-21-79] & NEC‘HVI SCTIVE
| dlag 4 18 doure Btave eurrest ascesdting Teansducer Lo horisestal
! 3 ampe afcer 33 min wich (tetal test tima) with |3 anpe aftar 27 wis vith posizien with sediating
i 100 ¥ tve fnpet. 122-42% ¥ yus taput. 100 ¥ ves faput. surf ucon facoup. Watar
[dupth was sppreximately
11 nsteve.
3-22-19 2 2T
May fail 42 drives 7ox Susvived §3 ain Drove gurreat sucesdleg Samwn as for X/N & abeve,
jvnger time peried. Curreat |(tetal test time) 3 awps after 82 ain with
& Lepedance variations at 110 ¥ res tagut 123 ¥ (o faput. Owe
follow same treed sa Mowaver Lnl doeressed  Juask after the TRAG- A
defoctive waits after driven lfrom 52 R to 46 0, Wi test the Tubber windew
with 100 ¥ - 124 ¥ rwy for  [Out of spee vhan {3| diseoversd puncturad
102 aia. is 1ees tham 30 ehm, and leaking o1l (4-2-79). )
This 18 tha same wiadow tha )
N the wndersides wvas bumnt sad
b T catbentand,. resulted from . . . . ’
~ a the ccoan tower high-drive
J tost of Mov 1970, Y
[9-1-79 & 42 { !
?_g‘g_'i.n-n 1ndicate Tests @n 3-21-79 tadi- [Drave cutren: oxcesdtag T 4a borlzeatal
as dreve ewrrear cate Chis beam sutvived |3 asps afcer A nim with pesttion, suspndad on its
tag 3 ampe aftar 16 hours with 122- 110 ¥ sum tapus. olds such that the
33 min wieh 100 ¥V mas 123 ¥ s input. redtating susfoces are
! tagut. rpendtzuler 0 the vazer
' jouelace. Veter depth
1 apprecimately 13.1 seters.
' ' Prier to Migh drive, easter o1l vas fovcad 1acs Thi boam sectiom €O sepavate the Tud. i vindow “ron the bess redonators !
heads by approximately 0 190 ieches. .
Table €.1. Summary of TRANSOEC Mgh-drive tests on AMETEX-STRAZA TR-21S transducers :
3
; )
E i [ . . ’ .
¥ .
CONTINUOUS 2-SECOMD LINEAR SWEEPS ACROSS THE OPERATING FREQUENCY BAND. i
hLiglts VOUAGE NOT CONSYAMT ACRUSS THS BAND OUE TO FREQUFNCY NESPONSE 0' M"l‘ AMRLUFIER, 3
NIGH DRIVE WAS REMOVED MMER INPUT CURRENT APPROACHE 3 AWPS, E
TEST  [umir TRANSOUCER POSITION X
oATE {s/n 0 VP BEMN ARROM RERAN PO DOWM BEAN s VATER DEPTH 3
3m | & [|oerecnive perscrive 3
Brave increasing surremt d wot teut Brows cusrens in Bortaeatst {
/ te 2.9 anps vith 43 \ e te 1.9 avps vith 33 ¥ rwe | pestition vich Tedlotiag z
at 1.3 Wia below aifhest at Mahest epersting surlaces facovy. Varer
loporating frequency 132 frequensy 27 uis atter depth wai sppresisstauly
min afcer atart of Swenp stark of sveep dxtve. 11 wetars.
drive. Mximum veltage Manimm veltay>y st the
' a2 the lowest epersting 1swast eparsting fraqueacy
: jteequency ves 93 ¥ Tua. wasn 113 ¥ yus,
Rudbs vindew bulged
fopproximstely 0.136 in.
(asanuted 3 min sfter
g cassation of drive)
L [eeupared to valus vhes
5 baw- section was eold
% ‘ st TOLE lemparatute,
. &=3-79 | 4
- l May tail AF drives for Did wet oot currant teal
E | longar ties poried. tn 2.95 amps with 43 ¥ rwe p-m— vnl el
3 Approximately samd drive at highast sparating section toward the H
? levels as test fer Id UP 2requency 43 nim, sfter .
Bean (vhea trnusduter wtart of sweep drive, {
jvea 1n derizental Poximm velcage ot the
I pestcion) for 38 min lovest sparstiag freqvency
{ (texal svetladle test wou 119 ¥ ras, !
| tima).
Rubber visdew belgad
approzinstely £.070 ta.
(amasured ) mts. sfter
respation st drive)
coupared te value vhum
baam seckien was old
at seen tsmparature s,
Table 6.2, Swurweary of TRANSOEC high-drive tests on NETEK-STRAZA TR-215 trausducer suspended In two posttions “
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CONTIMUIOUS DRIVE AT LOMESY OPCRATING FREQUENCY.
NIGH DRIVE WAS REMOVED WHEN INWPUT CURRENT EXCEEOED 3 AMPS.
TESt U4
0 0P BEAN AR TRANSOUCER POSITION
oATE " "y KL 70 00un sean B WATER (2PPH
>11-79 | &2 (rivet | sevEcyive marive precrivy
ARTICLE) ave gurreat %ﬁ'—- 3 ohee, Pracs curront enconding | Tranaducer ta horiesatal
encending 3 amps ® 27 deg. 3 anpe sftar § ain with pooition with vadisting
sfter 43 ulm with 123 ¥ me inpes. ourfocen Totowp. Vater
123 ¥ rus input. dapth was apprenimately
11 mecorve.
=18 A (rarst | pericyive

-1 | atiaat) | Draws curremt Servived 81 nin Survived 16 houra (1otal | Teansducer 1a hovleental
ensseding 3 avpe (cotal test tias) teat tiws) with 123 ¢ positica, sr-rponded on
alter spprextmstely with 113 ¥ vue s iloput, sea alde sueh that the
0 ale vith 123 v taput. radlating surfaces are
:l- input. . petpendtcalar to tha

wpedsacs drops . . witey surfoce. Water
rogildly fvem 70 ohum S ‘| dopth was sppronimetely
\ te 33 ohas during 1.1 merers.
1 1ast 13 saconds). :

Teble 6.3, Suwrary of TRANSDEC hich-drive tests en AETIX-STRAZA TR-116 trensducers

¥hat is the probable cause of this current runaway and conse-

quent overheatlug? After much debate, cxperimental part testing
and modeling calculations, it appears there are both design and
assembly method errors., NOSC people see two basic problems to be
solved. -First, there is the prcblem of conducting the normal heat
generated at the ceramic to the stainless steel case where it can
be transferred te the ocean. Second, the resonator needs to behave
as a resonator over a wider temperature range.

PROBLEM ONE: Heat transfer from the resonator ceramic
to the ocean,

There are design errors which become apparent by con-
sidering the following aspects of Fig. 6.1. Note that
the resonator is completely enclosed in very good
i{nsulative materials, The aluminum head mass, which
itself is an excellent conductor of heat, is
surrounded by the thick neoprene rubber acoustical
window and below, by the micarta retainer block. The
aluminum nodal mount is tightly encased in its
neoprene grommet. The tail mass is surrounded on che
side by the micarta retainer block and below by the
pressure release pad. Close examination of the
micarta retainer block reveals that it has a center
line groove underneath, which was intended to allow
the flow of air and f1l1-fluid during the filling
process, However, this groove is deemed too small.
At the top of the micarta block the neoprene window
material shoulders tightly down on the retairer to
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cause its top surface to be approximately level with the
the top of the housing fl .age surface. However, this
shouldering design completely seals off the upper
portion of the resonator cavity making it difficult

‘ to evacuate and fill with fluid, but more fwmportantly

b preventing the heated £il11-fluid from convecting its

: heat to the case.

h . Acoustic Window
: ' (Weoprenms ) pp ol mane
: (Alumtaum)
Rasonster cavity Ansandly

Wodal Crosmet
Oleoprena)

1
S

\
\
\E;Zjﬁs:g:si5>/ Y
Sete XN ////\
/ h _Wearta (Phesolic)
£ N I | X Rescustor Metaiser
E ( Tail Vasher ‘./S - |, N

|

q
Tatl Wue //1 O N

Cane Prasiure Bslease Matarisl

Fig. 6.). Cross-Secticn of TR-316 Transducer
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PROBLEM TWO: Resonator operation over a wider
temperature range,

This problem was uncovared by pursuit of G. Kinnison's
(NOSC) suggestion to heat the disassembled resonators
: in temperature increments and measure their frequency-
i swzpt impedance in air., The observation was that the
heat indications appeared to be extreme only on one or
two of the i1esonators and therefore these might show
inorcinate behavior with increasing temperature. They
did. The impedance magnitude behavior shown in Fig. 6.2
typically showed a downward shift in frequency and a
reduced amplitude difference between resonance and
anti-resonance with increasing temperature. The room

AR T S PR oo

temperature (24°C)
and the 22°C curve
heat test. At the
impedance lost its

impedance is before the heat test
is approximately 16 hours after the
same time the phase angle of the
typical extreme shifting at
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irndicates increasing loss of drive energy in the stack.
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Because the rrequency-swept impedance showed such inordinate
behavior change with temperature increase it was suspected that the
tail nut, which is not cemented to the ceramic, was decoupling
from the stack assembly because of the greater thermal expansion
coefficient of the stress rod. There was also gsome evidence of
this, especially for those resonators with low stresses. Straza
gauged the ceramic stress only by torque, which is a questionable
assembly procedure. They used a stack frequency adjustment
procedure which violates sound stressing principles ... one which
enploys a torque adjustment to achieve matched in-air resonance
instead of the more responsible uniform stress approach and a more
P o complex, with perhaps slightly lower yield, element selection and
: grouping procedure based on frequency and capacitance to establish ]
specific element location in a stave. . : Co

i . A

;

b 6.3.2. A report entitled "Interim Report on Composite Unit
E H

f

i Accelerated Life Testing of Sonar Transducers" has been issued as
NOSC Technical Note 675.

6.3.3. DT-~605 Transducer 1

. Two Hazeltine Corporation DT-605 (S/N Al and AS) transducers

. have completed the first exposure sequence (dry heat at 75°C) in

B the first year of accelerated life test agenda (Table 6.4). The 3

w acoustic test (beam patterns, receive voltage response and input |
impedance) following the dry heat exposure is now being conducted .

E to obtain a before and after dry heat exposure comparisons.

! B
3 CXPOSsE e [ T TIME COWPRESSION QUIVALENT SERVICE i
4 / ooy neat 18%c [ 023 0es 1 kber degrad ot sglag 16,300 hre at 20°F i
W Rpesurs? reattion batvews fill-fluid snd U] n;m)
i coupsamie, machasical okives wa 1-2 hrelday cf sumltght

1
boet dui te ampensien, degrade- for 9 =».
sion of yubber, sluslste dechatds |
sterage
TEST:  BEAM PATTEAN, TWR, OIL PAESSURE, RLBIZA CHVAAGES, MEGGER

[ v * [ Vater permaation, sloulate wet Mecolonitod Agtuy 373 hre ac JO°C (N = 13,0000
frosn Uster do'e i -:-ut::- * 18,730 hrs o1 30°C
s (= » 30,000}
t TEST: rEGCER
Pressnce Y cyelen Maghsaicsl stress, vartear fastvusion, vty Lyele intresse I yaar diving
Craling waler permeation, otunlate diviag ¢
conditions. i
Tressure Dwell, X 16 hrs ma | Mmchoatcal ntrwes, usker instrusieom, uty Cycle tnaresse 32 hre st Pressure i
400 pat water parmeaiion, oinvlate divir g
‘ esaditiona.
\

TRST: MECCER, ACOUBTIC MACHE 1

Thermal Shecsi 2 eyeles Nechanlcal skreus dua Co tontrsctiva, | Duty Cysle iacraase Qaa Aretic nissian
=" te 8°C elestonsr and sdbesive tntaprity,
water Antrusisc, slmiats, avetic
wwnditions.

depest Prassure —— ——
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TEST:  BEAY PATTEANS, TVR, IMPEDANCE
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® UV gxposure 1s altalasted for tha DT-803 hydrephens

Tadle 6.4, Revised Accelerated Life Test Propesed {July 78) for TR-215 ( ) or OT-03*
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6.4. PLANS

6.4.1. To resolve the two problems in the TR-215 or TR-316, heat
transfer from resonator ceramic to the ucean and 1esonaituvr

operation over a wider temperature range, the follewing approaches
are considered.

o Use of aluminum retainer blocks for more ufficient

: heat transfer to compare with the micarta retainer
. blocks that were used.

¢ Use type 914 high temperature adhesive in the

resonators to compare with the old Epon VIII
adhesive that was used.

. o Higher stress on the cerami: during adhesive cure.

\ New electrodes configurations for more uniform
- joints to provide better coupling between the
ceramic and adhesive.

e No Sylgard 184 in the resonator and modify : \
tail washer with larger grooves for better
£111-fluid entry into resonator cavity.

e Thinner stress rod to allow operatiorn at higher i
temperature without relieving the ceramic stress.

Lo e 2 uiag

Instrument with thermistors in several PD wide-
beam sections using both aluminum and micarta
retainer blocks to determine the heat transfer
effectiveness under full power operaticn.

bl e

6|4-20
D

Continue with first year of accelerated life aging on the
two

-~6Q5 transducers,
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/. TASK F-1 -~ NOISE AND VIBRATION
7.1. BACKGROUND

As submarine platforms bccome quietex and sonar systems become
more sensitive, problerms associated with transducer self-generated
noise become more acute. The very real problem cf transducer-
produced noise has already been highlighted. Transducer self-noise
can block out that tvan. lucer's operation as well as radiate out
into the medium. Radiared noise can also interfere with other
accustic systems of a skip or submarine. Because of those problems,
all new or improved transducers should be scrutinized for noise
sources. At present there are no fully accepted methods for
correlating the radiated noise from an instalied transducer with the
results of a laboratory test for moise. In addition, it is
difficult to distinguish transducer noise from extraneous noisa
when transducers are tested in pressures tanks.

7.2. OBJECTIVES
The objectives of this task are to:

s Review and evaluate existing transducer self-noise
criteria.

e Ysolate and analyze sources of self-generated unoise
in trausducers.

s Develep analytical criteria and test methods for
evaluating transducer-radiated self-noise,

s Apply radiated self-noise criteria and test methods
to sonar transducer standarde.

®* Develop test methods to discriminate between
transducer selif-noise and extraneons noise during
acceprance tests in pressure tanks.

7.3. PROGRESS

7.3.1. Reports

A technical repost (TR 397; entitled "Development and
Applicatici of a Transducer Radiated Self-Nuise Criterion Based on
Optimum Detection Thecry" has been vwritten and is currently being
reviewed for security classification. In addition to the
criterion itself, this report summarizes the application of this
criterion to laboratory tests of the TR-215 transducer. A detailed
description of the TR-215 tests are ccentained in a separate report
(TN 647) entitled "Results of Radiated Sclf-Noise Measurements of
TR-215 Transducer." Beth veports will he distributed during the
fourth quarter.
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7.3.2. Crane Tests

Testing of transducers in large quantities and for many
pressure cycles to measure pressure-induced self-noise is economical
and practical only when accomplished by using pressure tanks. When
measuring transducer noise in pressure tanks, however, it is
difficult to differentiate between noise originating in the
transducer and noise originating elsewhere. For example, the stress
7 caused by pressure cycling nnt only causes the transducer to be a
! source of noise, but also causes the pressure tank, pressurization
P system, hydrophones, and anything clse that is placed in the tank
: to be potential sources of noise. In addition, noise can be
introduced into the system from outside sources through the
physical structure of the tank and suspension system, or through
the air. Noise trarsients caused by pressurizing the tank can be
very similar in amplitude, time duration, and spectral content to
the transients emitted by the transducer and can, therefore, make a
transducer appear to be noisy wheu it is not. The rejection of a
transducer during acceptance tests because of pressure tank or i
some other extraneous nolse can have serious consequences in term
of costs, delays, and Navy/contractor relationships.

e - T

i tal

The pressure cycling and noise testing performed at the NWSC
. facilities has emphasized the need to be able to discriminate
ko transducer self-noise from extraneous noise. This problem could be :
! ' solved by using both time and amplitude differcnces, as analyzed
: . i at the outputs of various sensors, to distinguish the transducer's
noise from other noise. A test setup for accomplishing this is .
shown in Fig. 7.1. i

w-.»u,,‘wv..—-w—w,—,‘.,f.wn‘n.;w.v.,”,

i o hccnousmin
> b
A >
4 B
. f * quence anaLac- i
1 / or 1o §
/) ) AVENTS DIGHT &Y 4
HYDROPHONE VOLTAGE TR COMVEKTER 3
; STANDAADS THAASHID ANC :
| RNABLES SULSER
[ L1t 11 MBEMORY

e L ded 4 i

wro  frnans] wvo i
L {

. 1 ‘ :
PLUID PRESSURE 1. COMPARE AMPLITVOES l

CYCLING SYSTPY: 3. COMPUTE ENEAGY
____J 3. COMPARE §7n, AOY WITH S.L

Fig. 7.1. Eliminating extraneous transients in
pressure tank transducer self-noisc tests

]
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lhen measuring time differences, a noise transient originating in
the test transducer would appear at the electrical outputs of the
transducer before it would be picked 1ip' by the other sensors,

Alzo, a noise transient originating outside the tank or from the
tank itself would be detected by the accelerometer(s) before it

is detected by the other sensors. Similarly, noise originating in
a wonitor hydrophone standard would be registered by that hydrophone
| . before it is picked up by the other sensors. By limiting the

| system to respund only when the noise transigntfis first detected

: ) at the electrical outputs of the transducer, most of the extraneous
‘ noise could pe eliminated.

Another situation could occur which is not coverzd by the
above examples. Since the transducer has a characteristic rrequency
response, resonant at a2 specific frecuency, the possibjlity exists

; that the transducer could radiate aois~ that 1s outside its

, frequency response range, and hence, not registered on the -

i electrical leads. To cover this situation, .amplitude and time
discrimination is needed. If both monitor hydrophone standards
detect a roise transient within the acoustic travel time required
for a transient generated in the transducer to arrive at both f
standards, and if the amplitude measnured is approximately (within A
1 or 2 dB) the same for both standarJds, this transient should be 3.‘ .
accepted as belng valid. The accelerometer(s) can also provide

some time and amplitude discrimination. The response of the ‘
accelerometer(s) to noise generated inside the tank will be much -
less than noise generated on the tank structure itself. With

experience, the relative amplitudes of the accelerometer(s)

resporse as compared to the monitor hydrophone standards response,

Ny ’ can be used to discriminate between internal, structural, and

external noise.

In addition to the problem of isolating transducer self-noise
and rejecting other noise, the question of how to measure and
evaluate the radiated self-noise is still unresolved. Do we use
the electrical transducer output only? If so, how do we obtain the

! transfer function between radlated and received levels in a

reverberant tank? So-called "anechoic' tanks are "not," and the

constraining dimersicn for reflections to interfere with the

transfer functilen nmeasurement 1s, typically, less than 5 feet in

radius; therefore, reflections begin to interfere in less than

| 2 milliseconds! The safest approach (especially because the
transfer function is DESIGN DEPENDENT) appears to be to measure

| both radiated and electrical outputs in the closed, reverbexant

v tank, using external instrumentation hydrophunes -- two in each

i tank, However, these Instrumentatior hydrophones need to be small,
noiseless durir peated pressure cyclings, and unucually T

C sensitive so t.  an be used also to isolate any pressurizing

fﬁ system noises which can enter the taak via plumbing.
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' Once a noise transient has beeu captured, should the
detectability of that transient be evaluated by the peak pressure,
total energy, energy spectral density, or by some other means?

A side-by-side comparison of these different methods is needed
to evaluated the poténtial applicability of each to pressure tank
measurements.

A software program is being written to enlist the aid of a
computer in the analysis and bookkeeping required for the outputs

of the various pressure tank sensors. Time and amplitude comparisons

will be made to develop a testing technique which will elininate
eitranecus nolse transients from transducer self-noise tests.

The computer will also analyze the trancducer self-noise
transjents in terms of peak pressure, total energy, energy spectral
density, and time duration, and compare the results of each. The
results of this comparison will halp to establish a standavdized
test and analysis procedure for evaluating transducer self-noise
in pressure tanks.

7.3.4. Pressure Release Material Tests

Parts have beer received for reassembling the transducer
piece-parts radiated self-noise pressure testing setup described
in the STRIP Task F-1, Third Quarter Progress Report of 1978. The
pressure tank has been pulsed with a known signal and the general
acoustic characteristics plotted as a function of frequency. Tests
will be conducted on NUSC~furnished samples of pressure release,
naterials to measure the pressure-induced radiated self-noise.

7.3.5., Free-Field Measurements Test

The transducer-radiated self-noise free-field tests scheduled
at Lake Pend Oreilie, Idaho, have been rescheduled for the last
week of August 1979. During this test the concept of lowering and
raising transducers Iin a large body of water to measure pressure-
induced self-noise will bz investigated. Test platform flow noise,
cable noise, and pressure related noise will be recorded and
analyzed. Two '"noisy" TR-155 elements will also be tested. The
1,200-foot ~able required for this test is scheduled for delivery
in July 1979.

7.4, PLANS

e The two technical reports (TR 397 ard TN 647) will be
distributed.

®* A computer program will be written to analyze
pressure tank test methods, eliminate extraneous
noise during transducer acceptance tests, and
compare different methods and criteria for
evaluating radiated and electrical self-noise.
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% : (This is contingeut upon the receipt of funds
E ﬁ necessary to support this task.)
3
| ‘ e The pressure release material samples will be
;| - tested for radiated seli-nolse and an informal
. report written on the resvlts,
e The Pend Oreille free-ficid tests will be conducted
3 in August 1979.
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8. TASK G-1 -~ SLEEVE-SPRING PRESSURE RELEASE MECHANISH
8.1 BAT &7UND

Some transducers in use by the fleet have been found to emit
extraneous electrical and acoustical noise as a function of changing
hydvostatic pressure. The primary source of the ncise is believed
to originate in the pressure release mechanism of the transducers.
Interim fixes have been implcmented, but final solutions require
the development of new pressure reiease mechanisms.

8.2. OBJECTIVES

The objectives of this task are to develop, fabricate, test,
and evaluate an alternative pressure release mechanism. The new
pressure release mechenism will be in the form of a slotted metal
sleeve spring and will be retrofitted into the TR-155 transducer
for test and evaluation.

8.3 PROGRESS

The development of the sleeve-spring pressure release
mechanism has been completed. The retrofitting of six TR-155
transdacers with the TRI sleeve-spring pressure release mechanism
has been completed. The retrofit modifications 1ncluded the
remounting of the transformer which is not expected to present any
problem since these units will not undergo explosive shock test.

In accordance with the test scheduie at the NUSC/NLL Quiet Pressure
Test Facility, the units were shipped to NUSC for noise testing.
Before beginning the noise tests, the free-field voltage
sensitivities of two of tke units were measured. The measured FFVS
appear to be as good as, or better than, that measured on comparable
units with the conventional Belleville spring pressure release.

The noise tests were scheduled to begin in the last part of May
when NUSC decided to make modifications to the facility aimed at
reducing electromagnetic interference. The modifications are
taking longer than expected and NUSC/NLL has shipped the transducers
to NWSC/Crane for the noise tests., The tests are 1uow# scheduled to
begin at NWSC the second week in July aad should be completed by
the first week in August., The final report documenting the
development, analysis, and transducer modifications is due from TRI
by tha end of July.

8.4. PLANS

The noise test recults from NWSC and the TRI report will be
combined into the final repoxrt on this task.
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r : 9. TASK G-2 - TEST AND EVALUATION
ﬁ 9.1. BACKGROUND

The improvements in engireering developments, the deveiopment
of new test methods, and the new speciiications and standards
achieved must be utilized to assemble, test, and evaluate procotype
transducezs so that 211 implications of proposed charges will be
kncwn before introduction to the fleet.

t

i

| e 9.2. OBJECTIVES |
! L The general objectives of this task are to evaluate new

P v engineering development transducer projects and to provide

J " ~ quantitative alternatives for solving problems encountered in the

;‘ ' operation of fleet sonar systems. Specific objectives for Fi79
E{ are as follows:

& ® Determine the feasibility of replacing silicome
: fluid in operational transducers on a
class-by-class Lasis.

® Determine the correlation between measurements of
noise made in small tanks and those made In o
free field.

® Evaluate the sleeve-spring pressure release
mechanism for extraneovs noise and pressure
independence ol acoustic performance.

9.3. PROG' =SS

AN e T}

L asia

9.3.1. Further work on the replacemeni of silicone fluid in
/ operational transducexs is awaiting arrival of the TR-122 3
transducers,

9.3,2. To determine the correlation between the measurements of
noise made in small tanks and free field, a transducer is being
modified for use as a nolgse source, A small mechanical impulse
source has been installed inside the transducei bebind the module
containing the ceramic, back mass and Belleville springs. This is
shown in Fig. 9.i. The autctransforiner of the transducer was
removed to vccomodate the installaiion of the noise source device.
This device was built using four Type I ceramic disk elements
stacked, cemented, and wired in parallel. The lower disk was used
to isolate the stack from tne i.ransducer csse. The stack was
cemented to the 1.27 cm rpacex that is between the retaining

snap ring and the Bel'eville spvings. A Faraday can wase placed
over the stack to isclate it electrically from the transducer leads
that pass nearby. The noise source leads used are coax cables,
with the shieids connected to the Faraday can.

e e e
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Fig. 9.1 Noise Source Transducer

The method of measurement 18 to excite the noise source with
& sharp pulse which produces a buret of mechanical energy via the
plezoelectric effect., This energy travels through the Belleville
springs, the back mass and the ceramics of the transducer, through
the window and into the water. A receiving hydrophone will be
positicvned at one meter distance from the window of the transducer
and its signal will be fed into a spectrum analyzer. As the pulsed ]
enexgy passes thiough the transducer's main ceramics an electrical E
aignal will be generated and this signal can be analyzed and g
compared to the signal from the hydrophone These measurements will
be done in the small tanks and in free field.

P

At present the modification of the transducer are complete ;
and preliminary evaluatlicn of ite characteristics as a noise o
source is underway,

9.3.3. Evaluation of the sleeve-spring pressure release mechanism
for extraneous nolse is behind schedule because of schedule problems
at NUSC,
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9.4. PLANS

5 ® The silicone oil replacement feasibility study
for the TR-122 will begin contingent upon arrival
of the transducers.

® Acoustic evaluation of the noise-source transducer i
’: will be completed at NRL/USRD. The transducer,
power supply, and data recoxding systems will be
~ transported to NOSC (Lake Pend Oreille) for
participation in Task F effort (Secticn 7).

¢ A final ceport of the evaluation of the sleeve-
o spring presaurs nelease mechunism in the TR-155
i ERR will be completed during the fourth quarier if : 1
3 LLEe noise measurements at NWSC are completed. : o : ;
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10. TASK G-3 - ENGINEERING DOCUMENTATiON

10.1. BACKGROUND

It has recently become apparent to all facilities working
with sonar transducers, that many problems are occurring which
possibly could have been avoided. Problems with sonar transducer
repair, production and/or testiug have been repeated year after
year simply bacause facilities did not see that research and
development wzre needed. The lack of research and development can
also be attributed to the fact that facilities have had very little
interaction and possible solutions to problems encountered were
not well documented. Witk the increasing numbers of sonar
transducer types and acquisitions it will be necessary to know the
existing and future needs for research and development. A task
has been set aside for researching the severity of sonar transducer
problems and establishing possible research and development projects.

10.2. OBJECTIVES
The objectives of this task are:

¢ Tc establish the existing and future needs for sonar
transducer research and development.

¢ To produce a timetable for research and development
programs that relates to sonar transducer
acquisitions. -

10.3. PROGRESS

Work has been completed in the literature search and notes
have been compiled. An unsuccessful attempt was made to obtain a
computer print-out of transducer failures that would have provided
additional information.

The information obtained from the STAG and STEP reports and
the acquisition schedule is being used to organize the importance
of program topics.

Objectives have been written for each topic and will be used
as a supplement in the program timetable,

The iist of projects has been expanded somewhat and finalized.
This will be used as the base for the program schedule. The list
of topics is as follows:

TR~215 extraneous noise

TR-215 lifespan

Transducer design parameters

Water permeation of transducers and elastomers
TR~155 sleeve-spring pressure release
Pressure release materials

Reliability of transducers
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e Accelerated life test procedures for transducers

e PZT ceramic voltage breakdown

¥ ¢ Transducer fill-fluids

. e Failure modes due to water in transducers

; * BQS-8/10/14/15 transducers

! ¢ Unshielded cable strength and back shell leakage
, ¢ Ceramic lifespan

¢ Encapsulation materials
: * Corona and reducing ccatings
f e Desiyi parameters for preamplifiers

i? , . ®* Improved cables and conuectors

! : e Design evaluation of UQN-1/4, BQN 17, DT-513A
. e Potting compounds

o Fluids for towed arrays

¢ Shrink tubes for in-line splices

¢ Rubber specifications and accelerated life testing

: ¢ Baffle materials

T e Accelerated life testing of DT-513A
e Watex permeation of potted cavities
® Noise generation by fiberglass and ceramics under stress
* Identification of electrically weak transducers {
¢ Transducer insulation aging J
o Secondary noise generation by materials i
¢ Design evaluation for TR212 (replacement) -
e Design evaluation for DT-365 (replacement)

.o Design evaluation for TR-155 (make it noise free)
¢ Handbook of insulation materials for transducers
¢ dandbook of transducer structurzl materials
» Handbook of cable and connecteor designs 4
» Jptic fiber cables
e External isolation materials for transducers _

/ * Noise reduction in the pressure release 3

e Determine a proper packaging procedure for storage ‘
I of transducers .

i e Develop cable jacket specification control of

ceramic variation from lot-to-lot

5 The factors that will be used in organizing the priorities of
! the timetable will be:

- ® Time of purchase

1 ® Size of purchase
¥ . e Severity of transducer failures (quantity)
¢ Dependency of projects on actual feilures

AL e i ek i T A

E‘ 10.4, PLANS

3 A PERT-type chart of the program schedule will be developed
! along with the supplement of objectives.
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