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S

• SPECIFICATION FOR ACTIVE TRANSDUCER

1. SCOPE.—

This specification covers th. characteristics of a transducer unit for intendsd
is. on submarines.

2. REQUIREMENTS.—.
2.1 DescrIption. —Th. transduc er unit shall consist of an outer pi.aw.proiif
housing, an active transducer element , a vibration Isolational mounting for H.
transducer el.ment, an autotransformer, a switching matrix, and any emaciated
cabling and seals required. All transducer units shall be mechanically and
•I.ctrically Interchangeable. (See Figure 1.)

2.1.1 Applicable Documents.—

MIL.C.915 C.bl.. Card end Wit., El.cwiant (shipheord vs.)
MIL.E.16400 El.cfrenic £qvipis.nt, Novel Ship and Shot. G.n.r.l $p..lfle.~hins

• MIL.E.31S91 Ei.cW.nlc. lyp. De.1 ns 1sø, ldsn$Ifle.fts. PIse.. end
r.qulr.us.n$ for

MIL-R.15534 Ruhher She.,., and Cue, M.ld.d, and Sstsnd.d S,..i. I Shap iseNans,
• S~,whMtc W.dluu. $el~, Sbiphwd G.á., Us., ans.pt low M...p...h,.

appilesilsos
MIL.W.16175 WI,., Ele.s~i.& (ins.I .. d, HiqI, T. psr.hw.)
MIL.D. 164 15 Inst.$I.~lan Dt.wln~s
Mfl. .D.17419 Drewmn nIs.1n and As..siaisd D.i.nipil.., Prup siI.n sod

• MIc,.IIheIag .1 (for 5I.c*anlc 1iu~~~: i)

MIL.E.17U5 £le.sr.ni. end Ei.si,ic.I lyIp.uni sod As..cWs.d ~~pelr Pore.,
prsp.,ssIan Is, d,Iis.ry nd

P UIL.R.22132 R.bshiIIs~ R.api.s..si for ShI,ha,z~4 susd Orsand El.sir.nIs E~j~ sont
Z24.24.1fl7 AU $sandu,-ds “Cs$iksHes .5 1~~~~ =s.si$o T,se.ds... ,”

• MIL.$.9O1 $hsâpr.sI Wq.Ipessi, ci,., 144 (HI~h4up.si) IIdphsord AppIl ..ils.~,• ,.it. Ior
MIL.STD 167 Ms.hanlcel V~ rsflss. .5 ShI,i..ad Isu puit

I ifr. Narv.y L. Nsihèwi , .1 ihs L.~~..tory ’p Saner Trsnsd,.e.r D vIalsq,, we. liar principal
c.nsrlbvt.r .5 messrlol f.~ thi s ap.cIf Ios,Ian.
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CONFIDENTIAL
• 2.2 DrawIngs. —All manufacturing drawings, procedures, and types of materials

• chosen by the contractor for ti. transducer units shall be approved by the con-
tracting offic.r concerned prior to manufacture. On. set of all manufacturing• drawings will be forwarded to USN/USL for retention.

All quality assurance tests, procedures, and criteria for rejection diason by
the contractor for the transducer units shall be approved by the contracting officer
concerned prior to manufacture.

Onc. the obove upproval ha, been granted, no deviations or changes, no
matter how slight, shall be allowed without th. specific approval of the contract-• ing officer. 

-

2.2.1 Metals. Metals coming in contact with sea water shall be selected
for minimum galvanic action or corrosion In conformanc. with “Sea Water Car-’
rad on of Galvanic Couples” data of Specification MIL-E-16400. a typ of
stainless steel is used, necessary precautions shall be falcon to prevent crevice
corros ion at flanged joints and at screw thread holes (zinc cocid. ointment over-
spread on all mating surfaces). Dissimilar metals In contact with each other shall
not come in contact wit h sea water . Common pipe plugs shal l not be used on the

• external metal surfac. of the transducer unit .

2.2.2 Rubber. —A ll rubber or rubber—like compounds used In the transducer
unit shall be of a comp osition of minimum recrystallization temperature notgrsater.4 

• than -12 C. Mold release used for moldlng all rubber parts of th. tmjisduc.r
unit shall not be of the sflicon. type.

2.2.2.1 Rubber Compounds I. — Any rubber or rubber—like compound
In contact with the electrodes of the active element shall not contain any sub-
stances which will contaminat, this. electrodes (for example, sulphur). TI.
compound shall have an lnsvlating resistivity of 10’° ohm/cm or higher.

2.2.2.2 Rubber Compounds II . —My rubber or rubber-like com-
pound In contact with sea water shall be resistant to Hi. following: oil, sunlight,
ozone, sea water, and water absorption.

2.2.2.3 Protective Coating. —A protective rubber-Ilic. coating
shall be overspread on all external surfaces of the transducer unit.

Approval shall be obtained from the contracting off icr prior to
applying this treatment.

I
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2.2.3 EncapsuLating Plastic. —There sha ll be no encapsulating plaitic used

-
. • In contact with sea water.

2.2.4 Ten~eratur.. —The transducer unit shall meet all the specifications
hsr.ln described over the envlromnsntal temperature rang• from -2°C to 432°C
and shall not be damaged physically, electrically, or acoustIcally when exposed
to temperatures from -28°C to +48°C.

2.3 CablIng, Leads, and Color Coding. — Leads shall be in conformance with
specification MIL-S-16878. Th. black ~.ad of the cable shall be used for the low
side of th. circuit of Hi. transducer unit.

2.3.1 Grounding of Leads. — NeUher a cable lead nor the shield of the
cabi. shall be connected to the transducer unit housing.

- - 2.3.2 Cable Type. —The cable used for each transducer unit shall-comply
with type TSS~-4 of Specification MIL-C-915. It shall withikirid a hosing test

• pressure of 1000 psig. In addition, th. cable must be copoble of withstanding
1000 pug .xt.rnat hydrostatic pressure without leakag, through the outer ihiath
tothe inn.r core.

• 2.3.3 High Voltage Test. —In accordance with MIL-C—915 (2.3.2) an
additional high voltage test shal l be made an TSS-4 cabl. at 1000 V(rms).

2.3.4 Cable Seals. —The cable and its molded (vulcanized with heat mid
pressure) watertight seals shall be designed to prevent transducer unit flooding
dv. to cabl. breaks. Th. test pressure used shall be 1000 pug.

2.3.5 Cable Pull. —The transducer unit cabi. shalt withstand a 25-pound
• pull without damage to the s.al of th. transducer unit or without th. cable pulling

out.

2.3.6 Cable Length. —Th. transducer unit cable (TSS-4) shall be 100
feet In hng~h for scclt unit.

2.4 Shock and Vibration. —TI. transducer unit, with mountings, shall be
designed to withst and all shock and vibration hicWentol to its uss on Naval ship,
without physical, .l.ctrlcal, or acoustical damage.

• CONFIDENTIAL 3
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2.5 Nomenclature. — Nomenclature shall be requested In conforman c. with
Specification MIL-E-21 981.

2.5.1 Serial Numbers. —Each transduc er unit shall have a serial number
psmwnently affixed for positive ld.ntIficatlon .

2.6 ~~~~~~~~, —Th. transducer unit shall bea double mass loaded element with
•lectrostrtctlve ceramic as the activ, material. Tb. driver shall consist of a con-
so lidated rIng stack drive n in the k33 node with an outer overlay of fiberglas
for shock hardening. The dr iver shall be pr.st reussd m.chanically by us. of a bias

- rod for all levels of stress up to and including maximum alternating stresses to
prevent destns ctive tensile stresses In th. ceramic during high power operation.

2.6.1 CeramIc Driver. —The ceramic driver shall consist of “ n” elictro-
str ict iv. c.rumlc rings (where n ’~2, 4, 6, • .. ,) wlr.d inparallel and assem..
bled such that when excited electri cally the strains are additive. The negative
•l.ctrod. shall be outermost on either end . Ceramic insulato rs shall be used to
electricall y Isolate the driver from th, masses. The value of free capacitanc, at
1 kHz shall not vary more than ±2% between driven when measured at a given

• voltage level.

2.6.2 TunIng. —The transducer unit shall be parallel-tuned an IIUnI IISIOn,
• whereas it shall be series-tuned on receive. The value of shunt Inductance at

I lcHz shall not vary more than ±2% - between autotransfonnen when measured
at a given voltage level.

2.6.3 Dimensions of Transducer Units. —The outside rectangular dimensions
of the radiatb~ fec. support housing shall be 5.50” x 7.75” . Tb. diameter of
the cy lindr ical pressureproo~ housing shall be a nomInal 4—1/2” . The overall
hngthof tb.tronsducer unlt shall b.a nominal 21” . (See Figurel.)

2.6.4 Transducer Unit. —Th. transducer unit shall be mechanically Inter-
chimgeabl. with the A1VBQS-6. Further, th. transducer unit shall be designed
such that It can be taken apart w ithout the destruction of any part or parts.

2.6.5 Submerged Weight. —The subm.r~sd weight of lb. transducer unit In
sea wot~r (denSity el 64 pounds per cubic foot) shall not exceed 56 pounds.

2.6.6 Electr ical Insu lation. — Exposed ceramic and wiring shall be coated
than insulating materIal as required to prevent voltage breakdown daring

op&~1iosi.
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CONFIDENTIAL
The interior of the pressureproof hous ing shall be purged with dry nitrogen

gas prior to final assemb ly.

2.6.7 Hydrostatic Pressure. —The individual transducer units shall operate
and meet all the electroacousflc requirements at hydrostatic pressures up to
600 psIg overat.mperasure rang.of -2°C to +32°C and be capable of with-
standi ng repeated prolonged sub jections to pressure of 1000 pig over lb. same
temperature range without physical , electrica l, or acoustica l damage.

2.6.8 Impulse Shock. —The transducer unit shall be capable ofwithetanding
I repeated underwater explosive shocks when tested in accordance with 2.6.8.1,

2.6.8.2, and 2.6.8.3.

2.6.8.1 Transducer Mounting. —The transducer unit shall be
mounted on a suitable floaflng platform simulati ng as closel y as possible the
actual intended ship installation. The transducer unit shall extend into the water
and shall be mounted such that th. float ng platform w ill not interfere with the
shock wave from any explos ive charge .

2.6.8.2 Explosive Charge. — Explosive charges, 90 pounds of
HBX-1, or equivalent, shall be detonated at 24-foot water depths at varying
horizontal standoff distances. The transducer unit shall be at a nominal 8-foot
water depth . The horizontal standoff distance h def ined as the horizontal dis—
twice from the charge to the transducer unit.

2.6.8.3 Transducer Test. —The tests for each transducer unit shall
cons ist of four separate underwater detonations at horizontal standoff distances
asshown ln Table 1.

Table 1
TRANSDUCER TESTS

Standoff Peak Pressure

1 75 1000
2 50 1500 

-

3 30 -  2000
4 20 3200

CONFIDENTIAL 5
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The shock wave peak pressures listed in Table 1 are the expected values at the
transducer unit for the given shot number. The pressur. pulse for the most sev re
shot (No. 4) will have a rise time in the order of 10 microseconds and an expo—
nentkil decay to 1/c of the peak value in approximately 0.5 millisecond. The
shock velocity will be in the order of 20 ft/sec and will be primaril y in the
vertica l direction,

2.7 Electromechanica l Propert ies. —The prepolar ized etectrostr ictive ceramic
shall confo rm to the folIowIng~~~ctromechanical properties when measured at
25 C.

Relative Dielectric Constant (low f ield at 1 kHz) (K~3) = 1000 + 100
Dissipation Factor (low field at 1 kHz) (tan 8) < .005
Density (10~) kg/rn3 (p

~ 

> 7.4
Short Circuit Young’s Modulus (1010 ) ,Vm2 Y1’~ = 9.0 ± .5

Y~s — 7.2±.5
Materiol Coupling Coefficients k31 > .265

k 33 > .540
Curie Point (°C) > 300

There shalt be an elapsed time of at least 30 days from poling before evaluation
of electromechanIcal properties. All ceramic will be prsstabiliz.d by heat
treatment at 200°C for 1 hour.

2.7.1 Variat ion of ElectromechanIcal Properties. — (meas. at 1 kHz)

Over the temperature range 0°C to 30°C the total change shall be
less than 5% (low field).
When the field stre ngth is Increased to 400K V/rn the total change
shallbeless than 5% (25°C).

ton S Over the temperature range 0°C to 30°C th. measured value shall
be less than .010 (low field).
When the field strength is Increased to 400K V/rn the measured value
shallbel.ss than .010 (25°C).

2.7.2 CeramIc Exposure Tolerance. —The ceramic, when thoi’oughly
cloonedof ofland grease, must be able to withstand exposure to an atmos~’iers
of 100% relative humidity at 25°C for ten days without the dI&pation factor

• at lkHz rislngabove .01.

CONFIDENTIAL 6
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2.7.2.1 Maximum Displacement in Air (far Experimental Mod.l

Tests) . —The maximum disp lacement test shall be mode In air on the completed
transducer unit. The input volt age to the unit at mechanica l resonance in air ,
fr~ , shalt be suc h that the radiating face displacement shall be 1.2 mils peak.

(No change in efficiency or resonant frequency shall be caused by
this test .)

2.7.2.2 MaxImum Power in Water (for Experimental Model Tests) .—.
The transducer unit shall be able to handle 5000 volt-anperes of electrical
input power at mechanical resonance when submerged in water below the cavita-
tion depth without permanent damage when pulsed on a continuous duty cycle of
a one second pulse every fifteen seconds .

2.7.2.3 Voltage Breakdown Test (for Experimental Model Test). —

The voltage breakdown test shall be perfo rmed on th, transducer unit prior to
insta llation of the autotransfonner. A 60-Hz test voltage of 4000 V(rms)
between leads and 2000 V(rnis) beiween either lead and (1) th. housing
and (2) the masses shall be required.

2.7.2.4 Resonant Frequency (for Experimenta l Model Tests). —The
resonant frequency in air as determined from the motionot conductance shall be
3.70kHz ±2—1/2% .

2.8 SpecIfic Requirements for the Transducer Units. — For the followi ng require-
ments the transducer unit shall be considered as cons isti ng of the active element ,
any required tuning and Impedance match ing rietwor ki, switc hing matr ix , and its
assoc iated cable. (See Figure 2.)

All the followi ng’ requirements are based on th. performance under fre.fi. ld
conditIons at a water temperature of 10° C.

All of ~tie following electroacoust ic requiremen ts shall be met after corn-
pietlon ofa li the fo llow ing tests : 2.2.1, 2.2.2, 2.2.4, 2.3, 2.4, 2.6.1,
2.6.2, 2.6.3, 2.6.7, 2.6.8, 2.7.2.1, 2.7.2.2, 2.7.2.3, 2.7.2.4.

2.8.1 Trv .sadtting. —Th. resonant frequency In water (fi~~) of each
truuaduc.r unit Shall be 3.25 kHz ±1-1/2% (as determIned from the peak of
the constant voltag, transmitting response) when measured at term inals 1 and 2
of FIgure 2. The variatIon in resonant frequency of a given transduc er unit
shall be less than ±1% when drIven at any level up to full power, at any

• temperature from -2°C to +32 C and at any pressure from 15 to 600 psig.
(S.. FIgure 3.)

CONFIDENTIAL 7
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2.8.1. 1 Mechanica l Storag e Factor. —(Q ) Tb. mechanical

• storage factor, at constant voltage , as determined from the 3-db down points in
the cons tant voltage transmitting response shall be less than 5.

2.8 .1 .2 Sound Pressure. —The sound pressure at mechanical reso-
nance in water, (fr~,), for the transducer unit shall be greater than +52.0 dl~//I pbor for one volt at one yard . The variation in sound pressure at fr~, between
transducer units shall be less than ±1 db.

2.8.1 .3 Acuu ’t~ Output. — Each transducer unit at mechanical
• resonance in water, ~~ ) shall have a minimum sound pressure source level of

108.5 db// l pbar 2 at one yard for 3000 volt-amperes electrical input when
submerged to a water depth at wh ich the transducer unit is not limited by cavi-
tation on a continuous duty cyc le of one , one second pulse every 15 seconds.

2.8.1.4 Ma,dmum Volt age. —The impedance of the transducer
unit at mechanical resonance in water, (fr ), shall be such that the maximum
voltage required at full power w Ill not exceed 750 volts when measured at the
cable end.

• 2.8 .1 .5 Beam Pattern. — The beam pattern of each transducer unit
shall be that of a rectangular pistOn 4.5 by 6.7 inches mounted as shown In
FIgure 1.

2.8. 1 .6 ‘ Input Impedance. — The electrical input impedance in water
at mechanical resonance, (frE ) far the transducer shall be less than 175 ohms

• with a phase ang le of +100 when measured between terminals 1 and 2 of
figure 2. The impedance between terminals I and 3 shall be nominally 250 ohms.
Variation in impedance between transducer units shall be less than + 10 percent
with less than + 2-1/2° variation in phase angles. The variation in impedance
of a given transducer unit shall be less than 10 percent when driven at any
level up to full power at any temp erature from - 2°C to +32° C and at any
pressure from 15 to 600 psig.

2.8.1 .7 Eff icienc y Loss. — The efficienc y loss Is given by

14 = 71.69 — 20 tog _L• + + 10 log G.

CONFIDENTIAL 8
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w here

N•ff , = efficiency loss of the tronsducsr unit on th. principal axi s at a
specified frequenc y (db)

= transducer unit tronsinitting voltag , respons, at one yard on he

~ pr inci pal axis at a specified fr.q.Jency(m~~0b0r)

NDI = dir.ct lv ity index on th. princi pa l axi s at a specified frequency (db)

G = cond uctive component of the input admittanc e at a sp.cifie d
frequency (ohms ).

The effi cIency loss at mechanica l resonance in water ( f r )  shall be less than
1 .5 db. (For these calcula tions NDI = 3.95 db.)

2.8.2 Receivi ng. —

2.8 .2.1 Receivi ng Band. —The frequency band for receivIng shall
be 500 Hz to 7000 Hz. There shal l be no spurious resonances or anti-resonances
wit hin this band . (See Figure 4.)

2.8.2.2 Mechanica l Storage Factor. —(Q~ ) The bandwidth as
determined from the 3-db down points in the open circ Wt volt age receivi ng

• response far the tra nsducer unit shall be at least 600 Hz.

2.8.2.3 Receivi ng Response. —T he open circuit voltage receivi ng
response of the transducer unit at 1 kHz shall be more sensi tive than -75 db

• refer red to one vo lt for a p,essure of one microbar . The variation between trans-
ducer units shall be less than ~ .i db. The variation for hydrostatic pressures
between 15 psig and 600 psl~ shall be less than 1 db.

2.8 .2.4 Hydrophone Loss. —The hydrophone loss is g iven by

N

~ 

= 10 log R.,. — 20 lost — 115.85,
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where
NH = hydrophon. loss on the principal ax is at th, frequency of operation (db)

RT = ~esi st lve component of the input Impedanc. of the transducer unit In
water at the frequency of operation (ohms)

S
= transducer unit receivin g open c~ cuIt volt ag, sensitivity on the principal

t
~h axis at th. frequency of operation (volts/micr obe,).

• At any frequency between 500 Hz and 7000 Hz the hydrophone loss shall
satisfy the ~ollowi.~ :

NH <10 log~~~.. (db) .

2.8.2.5 Capacitance and Loss An9le. — The capacitance of each
transducer unIt as measured affhe cable end shäThbe .0182 mlcrofarod I ±2.5%
when measured at 25°C and 1 kHz . The diss ipation fact or shall be less than
.01 when measured at 25° C and 1 kHz. The appl ied sinusoidal voltage for this
test shall be -30 dW/1 volt RMS app lied between terminals 1 and 2 of FIgure 2.

3. QUALITY ASSURANCE I~ROV ISIONS . —

3. 1 ResponsIbi lity . —The supp lier shall be responsible for the performance of all
inspection requirements as specified herein. Except as otherwise specified, the
supplier mayuti llze his own or anyoth .r inspection facilit ies and services accept-
able to the Government . Inspection records of the examinations and tests shall be
kept complete and available to the Government as specified in the contract or
order. The Government reserves the right to perform any of the inspections set
forth in the specification and any additional Inspection s when such inspections
are deemed necessary to assure supp lies and services conform to prescribed
requirements.

3.1.1 last Form. —A test form shall be provided wi th each transducer unit
wherein the r.suits of tests and Inspections are recorded. Additional pertinent

- 
Information whic h th , manufacturer may deem advisable to present will be
acc.ptabk.

3.1.2 Progress Reports. —A monthly report on technica l progress will be
required.

CONFIDENTIAL io 
-
•

~~ (P013 

-

•

—
_______________ ______________



~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~

_ _  _ _ _ _ _ _  _ _ _ _ _

~~

_

~~~~~~~~~~

0 _ _ _

CONFIDENTIAL

4-
C

U

I

I
I 4 1 ~~~1 

•

CONFIDENTIAL H

0014
_______________________________________ _________ ___________ -4



CONFIDENTIAL

3

_ _  

if
I ______ _______  

TRANSDUCER
l~~~
I I

‘ 1  ~~~~~~~~

Fig. 2 - Schemat ic Representation — Transducer Unit
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Fig. 3 — Transmitting Volt oge Response — Transducer Unit
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Fig. 4 - Open-Circuit Voltage Response — Transducer Unit
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