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ABSTRACT

Four Massa TR-11C transducer elements, of the type used in *he
ARTEMIS acoustic source, were mechanically and electricall, modified
to real.ze an increased power handhing capability and to facilitate a
parallel electrical connection of elerments inan array. The madified
elements, designated type TR-'1F, were fitted with new springs
designed to operate continuously with cvelic deflections of 22 mils peak
to peak replacing the original yprings which had A maximum safe deflec-
tion amplitude of approximately ten mils peak to peak, The original
magnet colls were replaced with coils ha.ing a larger number of turns
ot smaller wire. The resulting .ncriascd impedance facihitate< a
parillel connection of vlements 1n that six parallel connected TR-IIF
elements would have the same impedance a8 S1x series connected
TR-11C elements. The present ARTEMIS source utilizes a configura-
tion of parallel ele:trical connection to groups of six series connected
elements. The modification also incorporates an altered air gap con-
figuration and special instrumentation to permit measurements of

sp-ing deflections.

This report describes tests in which the four modified elements were
operated with a water load at the maximum design spring drflection for
. approximately 10,900,000 cvcles.

Mechanical, electrical and acoustic measurements obtained during and
' following the endurance tests indicated that the elements were not
damaged by ope.ation 4t this level,
PROBLEM AUTHORIZ A\ATION
OXNR R% 046
NRL preblem 23502 -1
PROBLENMSTATUS

Thic s g firae report on one paase ol tas protect . Work s continuing
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INTRODUCTION

The Massa type TR-11F var:able reluctar ce transducer cleme tas a
modificatior. of the Massa IR-11C clemert which is precently emploved
in the ARTEMIS acoustic source. The modification consists of a
change in the spring design, in the magnet coil windings, and taes air
gap contiguration, The mechanically improved springs have been
designed for a maximum periodic deflection of 28 thousandths of an
inch peak 10 peak without fatigue failure, lhe new magnet coils have
an electrical impedance which 1s 36 times that employed in the TR-11C
elements, thus facilitating a pa -allel electrical cunnection of elements
i & multielement array. The present contiguration of the ARTEMIS
source employs TR-11C elements with a parallel etectrical connection
of groups of si1x series connected elements, The impedance of the TR-
11F elements 1s such that .ix parallel (onnected 1R-11F elements ha.e
the same impedance as si\ series connected TR-11C elements. A
cempletely paraliel array of TR-11F e¢lements would have the same
impedance as the present ARTEMIS array. The magnetic air gap has
been modified to a non-uniform cont:guration which maintains the same
magnetic reluctance as in the TR-11C elements but mechanically
restricts the spring deflection to apnroximately 22 thousandths of an
inch peak to peak, The new spring and a4ir gap contigurations are
ilustrated in figure 1,

Tests of four TR-1!F elements were (orducted during the period 13 -
20 November 1963 at the U $. Naval Research Laboratory Transducer
Calibration Platform at Lake Seneca. New York,

PURPOSF OF TF.ST

The purpase of thid test was (o er.fy the mechanical and electrical
intearity of the TReTIE elements wr o™ eperiting (nto a water load wath
a maximam «preory detlection o1 22 1m0 -andth~s of uninch peax to peak.

EXPERIMENTAL PROCEDURE

Four TR-11F cransdacer elements were mounted n the center ot a
plane urray of 28 IR -HIC elements as sllessrated n tigare 2, A tront
LI 0 e eape i e, at Pay 1t the Tosd site s s ownan tigare 3
The nactioe TR-TIGC elemerts weve mtended to ser ¢ as an acoustic
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2 .;h‘,
baffle in order to increase the acoustic toading on the active TR 11F 3;;‘3 5;
elements. The elements were clectrically connected as shown 1n ADPS 5
figure $. Polarizing current was applied to the inactive element: «nd ’»}; ,
shorting capacuiors connected across their outputs 1n order to inc fease v X I‘:';:;
ther- effective mass. No pressure releass material was used, thus "'é« v
permitting acoustic radiation from both sides of the plane array. v BRI

Each TR-1IF elemen was instrumented with two accelerometers
attached to the inner mass and one accelerometer attached to the outer
mass. The inner acceler meters were located near the top and bot-.
tom edges of the internal mass and the external accelerometer was
attached at the center of one radiating face By converting the mea-
sured accelerations to displacements and vectorially adding each
internal displacement to the external displacement, a mrasure of
spring deflections at the top and bottom of the element were obtained.

AN
i f_‘:l

The array was submerged on a pipe string to a depth of 100 feet to its

center. A recening hydrophone was suspended at a horizontal range
of ten meaters,

With an electrical power input to the four TR-11F elements of

approximately 250 watts, the arrav was driven at {ive cycles per

second increments of frequency from 350 to 450 cvcles per second and '
at ten cycles per second increments from 450 to 500 cvcles per second.
Frequency, power, ac current and \oitage, polarizing current and

voltage, hvdrophone output. and accelerometer phases and amplitudes ‘
were measured and recorded at each frequency. lThe measurement of

poiarizing voltage and current into the active elements permitted the

element coil temperature 1o be monitored, Directinity petterns were

abtained by rotating the projector in ten degree 1ncrements of azimuth.

The transducer fatigue test was tmtiated by driving the array at 425
Gveles per second at increasing poner tnputs until one computed spring
detlection equated approx mately 22 thousandths of an inch peax to peak
The arrayv was then operated tor 107 1\ les, maintaiyning a nearty
constant masimum deflle tion AL twenty nunate intersals the time
treg oy, power, 4o carrent and Joltage, polarizing caurrent and
otage, hvaroptone oatpat, ind accelerconeter phase« and amplitades
were medsared ard recorded,
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The acoustic loading on the toar clemeat array was computed ae the
ratio ot the measured radiated power to *nat power which waila be
rathated by a ragd plane piston operating (nto 4 anily Ju 0ad aa ang 4
area equal to that of the ei1ght radiating ‘aces of the fous eiemrents, ard
having a umform displace ment amputude cqual to the root-mean-<quare
valie of the varwous displacement amplit ides of the ind:i.idial ~lements

Although accelerometer instrumentation was pro aded on ail four of the
IR-1IF eloemeats, one internal accelerometer and the external acceler.
ometer on element number one hth developed ahort circute 1t *he
beginming of the teats,  The remaininyg internal Acceierometer cn elemen:
nutber one displaved a very distorted wavetorm, Conseqaentiy, no
displacement data .8 atailable tor «lement number one.

RESULTS

Lhe frequency characteristics ot the (R-11F elemente were investipated
over the range from 350 to 500 (vcirs per second  Neither the anput
cu=rent nor power was held constant as the freqiency was changed
However, the power was mainta.ned Hetveen the imits of 46 1o JR0 watts
lThe polarizing vurrent iato the groap ot toar parailel connected TR-UIF
. eleinents ras held conatant at 7 20 amperes  Dhe intended poiarizing
current was 6 6 amperes,  The darger diie of vorrent was osed jn the
test dae 1o an anstr iMentation ¢rror =es 00 0- ITOIT AN exaes e, ey hign
meter lead resistance The instrurentation errop wis corredcted and
the carrent reduced to 6,60 e res brur o s endirance test ol e
ciements Since the namber t P arss oL e vagnet colle ot tee TRALEE
clements 1s sty times that of tue LR OLIC o) the proper poar.z.ng «ar
rent oS oneesanth ot e e athge tes tegaatedd e B THC cen ents
\ nroup of foar lemments n P el TR XN SN T I ] Goares tok o pere s
polarizing carren?

The internai ond exteragi mass ¢ s g eme st ar pet aete s Loarmd aree !
ampere alternating current inpat are potted
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cantulerably highey sesiative canponent of impedanie at 4.5 cyilee per
aecond, Directivity patterna of the exjperiinental array at frequencics

ol 380, 176, 4U0, 425, 450, 47% and 400 cycles per secund are Jletratedd
{n figures 17 through 2}

The hnearity of these elaments with respect to input power 10 1llustrated
in figurewn 24, 26 and 28 in which mass displacement amplitudes are
plotted, and in figures 30, Y1 and 12, plote of ccrresponding spring
deflections. 1he coinciding diaplacemant phases are ilustrated in
figures 28, 27 and 29, lhe dotted lines in theae (llustrations repreaent
repeated data for which the pularising curesnt had heen redui od from
7.92to 6,60 amperss  Figure 1) 18 a plot of the impedance of *he tour
parallel connected alaments and figures 34 and 3% illustrate the corres
ponding values of acoustic loading and effii tancy, respectively

The (inal experimeni consinted of an endurance teat in whicn the array
was operated for aix and one-half hours at 425 cycles per 2e.0nd  Lhe
maximum spring deflaction wae maintained at an amplitude of approx
mately 22,5 thousandths of an tnch, peak ta peak, lhe polariging «ur
rent wes held constant at 6 b amperes  Four and one half hours of
cantinuous operationwam accomplished ou /2 November and the reman
tng two hours of continuuus oparation were parformed on 2% November
During the intervening time the array remained submerged hut was not
operated,

Ihe impedance, acoustic loading, and rlficiency of the array are pluttes)
1n figures 36, 37 and %, reapectively  During the run, the tnput poser
was varied shightly in order to maintain the nanitnn spring detiection
at an appronimately conatent amplitude,  The input powsre (e plotted in
higare 17 The mans dispias atnnnte are tllustrated i figares 40, 4/
and 44 with coinctding phase plote in figures 41, 4% and 4% {he carres
ponding spring detlections are ploteed o tigure 44 the cond fempeiature,
an determined (rom the polarizing voltage and current, o plotted 1a
figure 47 The water tetnprratare was 44° fhe alightiy huighe s stag!
tng temperalures tllustrated tn ligare 47 are the resalt of the application
of polagizing powsr fur a few nunutes prioe to ev itatinn

CONCGLUSIONS

Duting all teata, the wa rforma of the exoating o areent and of al)
avirlerometer aglpats were tnonitoresdt Cer Magnilic ARt Jistor Lion wan

——tea
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observed except for the one remaiming acccierometer on elemeunt number
one a3 previously noted. The distortion from element numter one
appeared to be due to a defect in the accelerometer. At the com letrwon
of all underwater tests, the impedance 1n air, as a functior. of frequency,
was measured for each of the four TR-11F clements. No significant
change was observed when these measurements were compared with
those made by the manufacturer prior to the underwater tests. None of

the data presented in this report indicates damage to any of the elements.

In hight of the above, 1t 138 conciuded that the clements tested arc
satisfactory for operation at spring deflections as high as those observed
\n these tests, '
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Fipure 2 - Experimental trans-
ducer array containing four TR«
cjecjcejc; cpc 11F clements in ¢ baffle of 28
TR<11C elements
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Figure 3 « Front view of experimental array
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Figure 40 - Internal and external mass displacement amplitudes
during endurance test for clement number 2
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Figu.e 42 - Internal and external mass displacement amplitudes
during endurance test for element number 3
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Figure 40 = Spring deflections during endurance test
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