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ABSTRACT

This report describes and presents the resalts of acoustic tests with the

partially completed ARTEMIS source array at limited power levels. The

purposes of these tests were to ubtain impedance characteristice, res ®
sponse data and trarsducer displacement as a function of power, (re-

quency and operating depth. Results indicate large variations in dis-

placements over the face of the ‘ransducer, resciting in peak values 1n

excess of thowo predicted on the basis of radiated power. A tentative

maximum afficiency in excean of fifty purcent was obtained subject to'

an sessumaed directivity pattern and hydrophone sensitivity. Spurious

mychanical resonances were observed as evidenced by the impedance [
diagrems. .
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INTRODUCTION

Y e cttanagidl

An urray composed of 144 electromagnetic transducer elements was
installed on the USNS MISSION CAPISTRANO (T-AG 162) for expurimenta-
tion and determination of their opurating characteristica, The transducer
slement i3 a type TR-11C manufacturedto U. S, Naval Researci Labora-
tory specification by Massa Division, Cohu Electronics, Incorporated.
Each element is 11-1/8 inches square on the radiating faces and 11.3/4
incnes deep, They are assembled in modules of 72 transdurers, six
elemants wide by twelve elements high, Two such modules ware installed
on the array structure on the USNS MISSION CAPISTRANO. The installa-
tion is shown in figurs 1,

The 72 tranaducer elements in each module are grouped in twelve rows
of six elements each., The six elements {n each row Are connectod to-
gether in series electrically with the twelve rows connectad in parallel,
The two modules are then connected in parallcl in an oli-falicd juaction
box. Thus the array consists of 24 parallel groups vt -ix slements in
series. The ¢c polarising power as well as the ac powsr {s supplied to
this group.

Acoustic pressure release is applied to the rear side (cpposite of side
shown ir. figure 1) of the modules. This coneisty of a quash tube reso-
nant ceflector. The tubes are six feet long and extenu horisontally
across the back of each row of six transducers, The flattened tube is
approximately six inches wide, thus covering about one-half the rear
radiating surface of the transducers. The tubes are separated approxi-
mately ona-half inch {rom the rear face of the array. In order to pre.
vent the tubes from flattening, that is, prevent the walls from touching
due to the amb:ant pressure, the tubes are filled with nitrogen gas {rom
a regulated system, The regulatod pressure is adjustable in the range
from plus 20 pounds to plus 60 pounds relative to amblent, The maximum
opsrating pressure of plus 60 pounds relative to ambient also occurs on

raising the arvay to the surface, since the pressure relief valve is set
for 60 pounds,

EXPERIMENTAL PROCEDURE

Exparimental work with these two mndules in an array was conducted
during the period of May and June 1461, Two oparating areas were used,
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One was in the Chesapeane Bay near Cape Charles, Virginia, in a water
depth of 90 fuet. The maximum possible operating depth to the conter
of the two modules was approximately 40 fext, The second operating
area was in the Atlantic Ocean northeast of the Bahamas at approxi-
mately 28° N, 74* W,

Power to the array was supplied by a 60 kilowatt dicsel-driven dc
generator for polarisation and by either of two amplifiers. A 200 watt
McIntosh was uved for lower current observations (1.5 amperes and
lesw) and a 1300 kilowatt Ling amplifier for high values of current.
Wave form of the ac signal was stnusoidal in all instances, The pres-
uurbe release system was operated at approximately 30 pounds above
ambient.

Instrumentation was provided to measure dc polarisation current, ac
current voltage, power and freguaency with an oscilloscops to monitor
wave form. Two hydrophonss were mounted near the array to monitor
the acoustic output. One was mounted on 8 boom which placed the
hydrophone 28 faet on the center line in front of the array. The second
hydrophone was alsn on the center line but 17 feet in back of the array.
This hydrophone was at the furthest point on the array structure back
of the two modules.

Two accelerometers ware also employed to obtain data on the amplitude
of movement of the transducer radiating face. These accelorometers
were screwaed into the taped hole normally used for the lifting eye,
Since this hole 1s on the rear face of tne array, as the elements are
normally installed, provisions were made to reverss two transducer
eloements, thus putting the taped hole on the front radiating face. The
transducers thus 1eversed were the first one {rom the left, second
row {rom the top of *he left hand module as seen from the front of the
array, and the sixth one frum the left, seventh row from the top of the
left hand module. These accelerometer: have been designated Az
and Al respectively.

All instrumentation was calibrated before and aftor the experiments
with the exception of the monitoring hydrophones. Data presented
herein are based on calibrations obtained in shallow water. These
units are being recalibrated in deep water where greater precision
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can be obtained, Data involving acoustic power output, efficiency and
front-to-back ratio could be changed :n magnitude by this calibration
but relative levels are expectsd to be valid.

The accelerometsrs have been calibrated both in air and in water. The
latter has involved both an acouatic and non-acoustic ambient. The
output of these units was not affected by these ambient conditions,

Prior to conducting the experiments, an activity check was made in air
on each element in the array of 144 elements. The purpose of this test
was o determine that all transducers ware operating and not defective

and that all units were moving in phase indicating proper electrical
connections,

The primary purpose of the experiments was to obtain the conventional
impedance characteristics and response curves, ]n addition, data ware
to be obtained on operating efficiency, the influence of input current
and frequency, the front-to-back ratio, and depth effects, Early results
indicated the necessity of measuring transiucer amplitude to detormine

thia value with respect to input current, radiated powsr and position in
the array.

Tests where all instrumantation described above was employed were
lirnited to & maximum dupth of 360 feet. Observations were made at
400 feat depth, However, due to cable length limitations, these did
not include the accalerometers.

EXPERIMENTAL RESULTS

All data presented herein are the total characteristics of the 144 elament
array unless otherwise noted. Inpiut values of ac or dc current are
always to the entire array, If it is desired to obtain the value per trans-
ducer element, the value given should be divided by 24 which is the
numbper of paiallel paths. The polarising current used throughout wana
240 amperes or ten amperes per element, AC current was variad from
a minitmum of 0. 3 amperes in air to 8 maximum of 40 ampares in water.

The resuits of impedance measurement with the array in airampresentad
in figures 2 and 3, The resonant frequcrcy, 'r' is approximately 458.5

3 CONFIDENTIAL
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cycles per second with an impedance Z » 200 + j25 ohma, This compares
with the average value of the data for a single element inair of f = 450
¢ps and 2 = 1000 + j35 ohms. The mechanical Q for the array il Q =

41,7, whereas it variad from 25 to 85 for the single slements in air™

These curves were repeated in water at a depth to the center of the
array of 3b feet. Vactor iinpedance diagrains are shown in figures 4
and 5 for ac currents of 0, 5 ampere and 1.3 amperes respcctively.
Insufficient nuraber of {requencies were used to permit drawing the
optimum "‘circle" through these points, However, it appears that a
number of resonances exiet. This is more clearly evidenced {n the
impedance plot at 1.8 amperes in figure 6. Ths best estimate for the
impedance is 2 » 23 + 20 ohms with revonance at f = 420 cps.

Because of the proximity of the transducer elements to the surface and
bottom, evaluation of these secondary resonances from figure é may

be somewhat in error. Additional data were obtained of the array
impedance in the ocean in & water depth in excess of 2400 fathome with
the depth to the center of the array of 90 feet and 400 feet. The results
at 15 amperes (nput for these depths are shown on figures 7 through 10,
It is wvident from these data that numerous vecondary resonances occur
between 340 ps and 440 cps, Without a larger number of da.a pointa

in this area one can only speculate on the exact shape of the impedance
characteristics of figures :und 10.

A goneral improvement in the impedance curve was noted at the higher
current level, This {a to be evidenced in the vector impedance diagram
of figure 11 and in particular in the impedana. plot of figure 12, 1t is
to be noted here that two prominuent areas of se.ondary resonances are
prosent, one in the vicinity of 370 cps and a second at 430 cps. The
resonant frequency, f_, is at approximately 405 cps and the impedance
2 364+ )21 chms, T

The impedance data shown in figures 13 and 14 should compare with
that of figures 1l and i2. However, it will be noted that there is a

shift toward & higher frequency and the secondary resonance at the
higher frequency {a more pronounced. This trend may be due to danuaye
to a few of the elenents in the array. The damage which was ascer-
tained on completion of the tests was in the form of broken aprings.
This has the effect of raising the resonant {frequency of the damaged
element and thus could have produced the affect noted here,

4 CONFIDENTIAL
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It ia of intereat to compare this data from figures 11 and 12 obtained
at 30 amperes and 400 foot depth with impedance data taken at 40 am-
peres, 19 foot depth. The same general location of secondary resoe«
nances again may ba seen from figures 15 and 16, It will be observed,
howolvu. that resonance is at approximately 410 cps and that Z = 30

+ j2l ohms.

Data from the two arcelerometers were obtained at depths of 36 feet,
90 feet and 360 feet, A summary of the more significant data is pre-
sented in figures 17, 18 and 19, Data for the three curves were taken
at constant current; namely 1.5, 1% and 30 amperes. It may be ob-
served from these curves as well as from the previously discussed
impedance curves that deviations from the idealised occur at certain
predominant frequencies. S8ince aniplitude should relate more exactly
to acoustic powst, all data obtained at 90 feet and at 350 fest depth
were plotted againut acoustic output power in kilowatts. These resuits
are shown on figures 20 and 2] respectively. Each point of data has
been identified as a plotted point, However, an attempt has been made
to distinguish between frequencias by using several symbols with sach
symbol being used for points within | frequency band, In figures 20a
thraugh 20r and 21a through 21r, the transducer displacements are
separated for cach {requency at which measurements were made.

The dashad curves drawn on each of the figures, 20 through 21r,
represent the displacement to be expected for approximately unity

¢ loading of the array at the frequancies noted on the gurves. A
gm-m curve through the points un figures 20 and 21 indicates that
this loading has not been achieved and that a better approximation of
the results iv obtained with 0,4 p¢ loading, In general, the points
would be fairly uniform about such a curve excaept at the higher acoustic
power levels on figure 21. Here it will be noted that there is a sharp
rise in the tranaducer amplitude.

The reaponse curves for the array at several values of current are
presented in figure 22. Deviations from an idealizsed smooth curve
are to be noted on all of the curves., These occur at approximately
370 and 425 cps which also correspond to the frequencies of secondary
resonances previously noted,

] CONFIDENTIAL
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Curves of power input, output ... ! «(ficisncy for the array sre presented
in ﬂ?uru 23 and 24. These values were obtained with 30 ampareas at
400 feot anu 350 fest depth respectively. The maximum efficioncy ia
noted to be alightly over 35 percent and occurs near 440 cps. Daviation
of the various curves from a smooth line is again evidenced with thase
data and it can also be seen to occur at approximately the same fre.
quenciss praviously noted for the impedance characteristics and
transducer displacements.

The effectivencss of the squash tube pressure release device is
presented in figures 25 and 26, The front-to-back diascrimination was
computad {rom the hydrophone measurementy of the transducer radia-
tion for input currents of 8, 10, 15, 20, 2% snd 30 amperey, The
sverage of tha valuss obtained at each frequency at 400 foot depth are
plotted on figure 25, In addition, a vertical line which correaponds to
the extunt of the maximum and minimum values obtained at each fre-

quency is aleo shown,

The characteristic deviation of this curve frotn a single resonant
characteristic is also noted as with previous characteristics.
Resonances in the response curve correspond to frequencies of approxi-
mately 350, 410 and 440 cps. Similar characteristica are to be noted
in the front.to-back discrimination data on figure 26. These data are
for 30 amperocs and 40 amperes at 360 foot depth,

With two exceptions, the spread in front-to-back discrimination with
current at any one {reguency show* on figure 23 is.amall, indicating
that within the range tested the response of the squash tube is inde-
pendent of transducer current, output power or displacemaent of the
transducer radiating face. This is best illustrated by figure 27 vvhere
front-to-back discrimination is plotted as a function of current for
revaral frequencies,

During the pariod of theso experimants, tests on the transducer elemants
indicated that failure of several elements had occurred. These failures
were apparently the result of excessive deflection of the springs which
were broken. The tirst group of damaged slements occurred at 39 foot
depth when operations were conducted with current of 40 amperes with

a few obhservations at higher values. Sixty-four elements failed in the
pattern shown in figure 28, :

6 CONFIDENTIAL
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It was as a result of theae failures that accalerometers were srwoployed

to obtain information on the displacen.ent amplitude of the rr ' vy face.

During the course of the teots with t} -azcelerometers in pla. large
variations in displacements were obtained, with the majority in excess
of predicted values. The array was opsrated on two accasions at a
current of 40 amperes; the first at 400 font depth without accelerometer
data and the second at 360 faet with accelarometer data. A peaketo-
peak displacemant of 5,71 mils was observed for one cf the transducers
prior to one of its springs Lreaking.

Tests on the individual transducer elemants after the above tasts
revealed 21 transducers had failed dun to broken aprings. In additien
to thess, four sguash tubus had also failed. The latter failed with a
fracture on the edge of the sharp radius of band. The pattern of these
failures is shown in figure 29,

With the transducer impedance and current response data obtained {n
these tests, an overall system response for constant voltage inp-t to
the amplifier can be ¢omputed, This computation has been made for

the conc'itions of the amplifier matched to a 34 ohm resistive load and
with a series tining capacicor of impedance -j22 ohms. These values
correspond to & complex conjugate impedance match to the transducer
at 400 cps. The results of this computation are plottad in figure 30,

A sinillar set of data with the amplifier matched to 28 + j22 ohmas 14
plotted in figure 31. Both curves have been normalized to a sero decibel
intensity on the acoustic axis at 400 cps. These characterivtics indicite
the response of the system to a noise signal tnput and can be used to
determine the compensation required to produce a constant amplitude
frequency spectrum over the desired frequency range.

1 CONFIDENTIAL
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