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" ABSTRACT . .
Ny

~

U. 8. Naval Research Laboratory Reports 1205 and 1214 prevented the
resulty of initial tests with an interim ARTEMIS source consisting of a
one wave length square array. This report describes additional tests
with an enlarged array in which fifteen of the twenty tranaducer modules
of the full array were installed. While tha enlarged array results in
improved operating characteristics with respect to acoustic loading and
velocity distribution, it was found that the permissible operating power
level 13 8till suvervly restricted by abnormally high transducer displace-
ments which can cause mechanical destruction of the transducer elements,
Evidence 18 prescnted which supports the theory that anomalous behavior
1% caused by acoustic interaction effects, .

PROBLEM AUTHORIZATION
ONR NR 287 002 (Spacial)
NRL Problem Number $8802-]1

PROBLEM STATUS

Thiw 1s an interim report on one phase of the project, Work is
continuing,
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INTRODUCTION

The high power acoustic source for Project ARTEMIS is planned to
consist of 1440 variable reluctance transducer elements close-pa:ked
in a rectangular plane array having the approximate dimensions of four
wave lengths vertically by two and ore-hal{ wave lengths horizontally at
the resonant frequency, Each element is 11-1/8 inches square on the
radiating face and 11-3/4 inches deep, They are assembled in modules
six vlements wide by twelve ¢lements high, The final array configura-
tion wi!ll consist of four rows of five moduled each,

Initial tests were conducted un a one wave length square array composed
of two modules mounted side by side on the array structure which was
installed on the USNS MISSION CAPISTRANOD (T-AG 162). U. 8. Naval
Research Laboratory Memorandum Reports 1205 and 1214 present the
resultd of these tests indicating that displacement amplitude and phase
of individua! elements varied widely with element positian and operating
{requency. The principal deleterious eftect of the nonuniform displace-
ment amplitude is that for a given power level some of the elements have
larger displacement amplitudes than would be required if the displace-
munt disteibution were constant. This requires that the power input to
the array be limited to a level consistent with safe operation for those
¢lements having the highest amplitudes

‘This report describes the results of tests condunted during September
and October 1961 with a larger array configuration, When they became
available, fifteen modules were installed on the array structure in three
rows of {ive modules each, forming an array approximately three wave
lengths high by tv.o and one-half wave lengths wide. Four oil-filled
component tanks and a yjunction box were installed in the base of the array
structure. The double armored cables which provide power and instru-
mentation connections from the shp to the transducer were terminated

in the junction box. Connections are made within the junction box to
distribute the power and instrumentition conduciors to the four compon-
ent tanks, The junction box also houses remotely operated contactors
which can connect or disconnect pownr tu each tank, Each component
tank serves one row of transducer modules and houses the necessary
electrical components to appropriately trarsform and distribute the sig-
nal driving current and the polarizing current to each module in the row
which it"#¥rves. I¥ also contains sensors which meavure these currents
and transmit the information fur remote indication. Polarizing power

18 transmitted from the ship to the component tanks as three phase, 4ixty
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cycle alternating current, A twelve phase silicon diode rectifier with
appropriate transformer rectifies the alternating current to provide ten
amperes polarizing current to each of the transducer elements, Each
componert tank cortains a transformer having five secondary wirndings,
These transformers distr.bute the sigral driving current through appro-
priate tunirg and blocking cupacitors to each of the five modules in the
ro'w served by that tank, The transformer primaries are connocted in
paraliel in the junction box. Since three rows of modules were installed
for this test, unly three of the four component tanks were used.

Acoustic radiation from the rear of the transducer 18 suppressed by a
system of compliant resonant teflectors irstalled on the back face of
wach transducer module, Each reflactor 18 4 flattered stainless steel
tube 1% fcet long and approximately six inches wide, The tubes are
filled with nitrogen and pressure compensated by A pressure regulating
svatem., There are twelve tubes on each modute, one behind each row
of ¢elernents, The tubes are separated from the slements by a distance
of approximately one -half inch,

Thirty-five accelerometers were available for measuring displacement
amplitude and phase of both the trarsducer elaments and the resonant
reflectors, These accelarometers ware tested and their calibration
shown to be independent of the ambient static pressure and the acoustic
field, Twelve current sensors were used to sample the signal driving
current in rows of elements, The signal current connections to each
module were such that the six slements in each row wers connected in
serien and the twelve rows connected in parailel, Thus, the twelve cur-
rert sensors were adequate to monitor the currents 1n each row of any
ore module, The accelerometer and current sensor outputs were trans-
mitted to the ship through a watertight jurctior box cortaining a remotely
cortrolled, {ifty position stepping switch and a preamplifier, ‘Thus, the
seraor outputs were sampled sequertially, One channel was used to
transmit a calibrat:on voltage through the preampiifier. The rema:ning
tuon c*annels transmitted the outputs of two acceleromeuters which were
instulled internally 1n a special trarsducer element. A view of the fif-
teen module 1installation on the USNS MISSION CAPISTRANO 18 shown in
figure 1,

FPUR POSE

Tre purposes of this test were to obtain information concerning the
acoustic and motional characteristics of the enlarged transducer array,
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CONFIDENTIAL

to investigate the nature and causes of the anomalous displacement
behavior observed in previous tests with a 144 element array, and to
dete-mine if the enlarged array exhibited improved acoustic loading
characieristics, [nstrumentation was provided specifically to:

i, 6buln impedance characteristics of the enlarged array,

2, Measure the free field current response of the enlarged array
and obtain an approximate representation of the directivity characteris-
tics in the vicimity of the acoustic axiy,

3. Obtain a reasonable statistical sample of the displacement ampli-
tude and phase of the radiating faces of the transducer elements,

4. By means of a specially instrumented transducer ¢lement, deter-
mine the motional characteristics of the element reaction mass as a
function of frequency and elerment position, and

S, Determine the relative \mpedancne of rows of elements within a
module for one or more module positior.s, and to examine the relative
impedance of each module with respect to the other modules in the array,

EXPERIMENTAL PROCEDURE

Experiments were conducted in the Cape Charles area of the Cherapeake
Bay in & watar depth of eighty feet, at 27* 28' north latitude and 75* 19!
west longitude in & water depth of 2540 fathoms, and at various areas
withir. Exuma Sound. The purpese of the shallow water tests in the
Chusapeake Bay was to check the operation of the ucoustic nource and
irstrumentation. All data presrenied i1n this report, with the exception
of th. a\r \mpedance data, were obla:ned in deep water operations,
Figure ' illustrates the dead reckoning tracks for operations in Exurra
Sound. All operations were conducted while lying-to. Drifting towards
the western limit of the Sour.d required repositioning on two vccasions,

The transdacer vlements uned in the ARTEMIS array consist of two
unequdal masres coupled by a spring with 3 magnetic driving force acting
between the masses. The lerger mass is :n the form of a rigid box
which completely encloses the smallar reactior. inass, The reaction
Mas 18 eupported inside the box by a system of springs, Acoustic
projection is accomplished at both the front and back outside surfaces

3 CONFIDENTIAL
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ol the vuter mass., However, the resonant reflectors previously
described suppress radiation to the rear of the elements. To measure
displacemernt amplitude and phase of an ~lement, an accelerometer hav-
ing a threaded stud was screwed {nto 4 t.;’ped hole in the centar of the
front radiating face, Thus, the disp'acements measured were those of
the outer or radiating mass, One special element was constructed with
internal accelerometers such that the acceleration of both the inner and
outer masses could be measured, Displacement of the rear surface of
the resonant reflector tubes was mersured at &4 number of locations by
attaching accelerometers to special bosse. which had been cemented to
the tubes, The close spacing of the tubes to the elements prevented
measurements or the front side of the tubes. The rasults of the measure-
ments or the reflector tubes therefore represent the total motion of the
rear face and does no' necessarily provide & measure of the compres.
sion o! the tube, [na sim:lar manner, displacements ware measured at
a few locations on the comporernt tarks and junction box, All accelero-
meters were calibrated in terms of duplacomort for sirusvidal motion
over the frequency range of interest,

The opsrating procedure corsiated of attaching the accelsrometers in one
set ot positions, installing Lranch current sensors in one selected
module, replacing one pre-selected element with the sspecially instru-
merted element 1rd then lovering the array to opemting depth. The
serser outputs were then measured as the array was driven for a number
of freauencies over the range from 350 to 450 cycles par second. In one
e\periment the frequercy range was exterded to 250 and 600 cycles per
secord, The accelsrometer und currert se~sor amplitude data wure
automatically recorded {n Cigital form. All other data including dis.
placament phase and current phate; input power, currert, and voltage:
hydrophone outputs; and frequency were manually recorded. At the
completiot. of an expsriment, the array was raised and the sensors
repositioned,

Acoustic irtersity was measured ty a hvdrcphone sunperded 34 feet in
front of the array or. a collapsible boom. A»s this range 18 too short to
represent a far field measuremert. t'eve data were used only to indicate
consistent pertormarce from ru 1o run and were ,,0t accapted as 2
auint:titive measure of acoustic performance, |n one experiment, a
we:phted hydrophone was ausperded from a small boat at a range of
approsimately s:xty yards, The range was measured acoustically for
eact 1=tensity measurement, The hydrophone was moved in agsimuth and

4 CONFIDENTIAL
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CONFIDENTIAL

depth until a maximum response indicated a position on the acoustic axis,
At this position acoustic intensity and range were measured and the bear-
ing of the small boat was noted by means of a transit on the deck of the ’
source ship., The small hoat was then repositioned to a new bearing and
measureaments repeated, In this manner an approximalte directivity pate
tern ac well as an accurate measure of acoustic intensity on the acoustic
axis were obtained, All acoustic measurements were mdade using short
puises in order to avoid surface reflected path interference, These
acoustic data were obtained with the center of the array cubmerged to a [
depth of 150 feet whereas all cther data were taken with the array at a
center depth of 400 faet.

A dc polarizing current of approximately ten amperes per element way
vsed in 4.l experiments, All the data 1n these experiments were obtained
w.th an ac input to the transducer of 15 amperes with the exception of
impedance measurements made 1n Air and one run in which the voltage »
input to the amplifier war held conatant. The constant current and con- -
stant voltage data are tredted separately,

RESULTS
[ ] @
A. Impedance Measurements .

The impedance of the submerged array was computed fromthe measured
values of input cutrent vultage and power, Meters of the portable stand-
ards type were used to measure these quantities, Figure 3 illustrates
the impedance charactaristics of the {ifteen module array over the fre-
quency range of 250 to 600 cycles per second. The impedance values [ ]
shown are those measured at the input to the underwater cable supplving
driving signal to the paralieled primaries of three 1dertical transformers
located in the urniderwater comparent tarks, Each transformer has five
secundary windings sach of whi.h 18 connected to a transducur module
through turing and block:ng capacitors, Thus, each of the fifteern trans- |
ducer modules is energized from . reparate secordary winding, The »
turns ratio between the primary winding and eack of the secondary wind.

ings o 4,125 tu I, Each module 13 tuned with a 11,2 microfirad series
capacitor, It can be scer from figure ) that the maximum resistive com-
punernt of impedance 18 42.7 ochms, Considering the transformer turns
ratio, this rapresents i singie module restistance of 36 ohms. Previwous

5 CC NFIDENTIAL ’
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CONFIDENTIAL

tests with ¢ two module arravardicated a maximum resistive component
of approximately twice this ... e for each module, The decreased mod-
ule resistance ir the enlirged arvay is indicative of batter acoustic
loading.

Figure 4 is a vector impedance locus plot for the {ifteon moduls array,
Resonance appears at approximately 422 cycles per second,

Prior to *he underwater tests, the impedarce of the five modules in the
top row was measured ir. air. Time did 1.0t permit these measurements
to be made or the entire arrav, The vec’or impedarce locus diagram
obtyired {rom measurements in air is shown ir figure %, The signalcur.
rent was held constant at 0,3 amperes at ali trequercies except thosa
between 461, 9 ard 470, 2 cycles par secord where it was reduced to 0.2
amperes, The small power amplif:er usted for these *ests was not capa-
tle of supplying 0,3 amperes at 31l frequencies, Resonance appears at
approximately 445 cycles per second., The maximum 'alue of the resis-
tive compenent of impedance Agreee closely with the value obtained from
previaus measurements on a two mecdule array whern the shurting effect

of the transformer primary reactance i» tonsidered, The coupling trans-
formers have a primary reactance of app oximately 40,000 ohms, being
desigred for use witk a transducer having & water load, The higher im-
pedance of the transducer when operating 1n air fequires that the shunting
effect of the primary reactance bo taken into consideration,

B. Acoustic Measurements

A limited amount ~f acoustir respor.sr. data was obtained. This was
accamplished by susperding a hydrephone from a tmatl boat ia the region
of tire acoustic axis of the source, Tre output of the hydroplione was
obssr.ed on A calibrated Lattery cperated oscilicscope. The source was
p.ogrammed for %0 millisecord puises at twelve second intervala, Free
teid measuremerts were obtained by noting the amplitude of the received
sig=al after the signal level had (eached 4 steady ulue and belore the
tirst surface refiection. The email toet was tettersd by lines to the bow
and stern of the source sh:p u:d held at a range ot api roximatel, sixty
vards, A wire cornect.or was made hetwee the amali bust and the source
ship tc erible ar suoustic rarge measurement,

The hvdrophone waw moved vertically and 1% azimuth until & maximum
s1gral response was oblained. This point was assumed 10 te the accustic
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ORI R R -
-t N '\
-

.o¢-l"'~4‘;u‘ L

e e e ead o e [~

S

Ca e BT




Rl IXYT B IR e A Ll

CONFIDENTIAL

aais of the source. The bearing of the small boat relative to the source
ship was then measured ird it acoustic rarge obtained, Response
measurements were made at five frequencies in this position, Thu reaalta
are plotted ir {igure 6, For the five frequencies at which measurements
weres made, the maximum resporse occurred at 420 cycles per second,
Time and sea conditions preverted more axtensive measwxements.

After measuring the response at the position vieiding the maximum signal,
the ymall boat waa moved it azimuth to poaitions six, eluven, and fifteun
degrees aft of the original locdtion. Meisurements at these positions
yielded the directivily pattern illustrited in figure 7, This pattern is
probably not precise since the starting point. might not have been exactly
on the acoustic axis and there 18 no sssurance:that the hydropnone
traveled through the same arc as the supporting boat.

¢, Displacement Amplitude

The drawing in figure 8 represents the pusitions of the slementa and
modules in the fifteen module array. Thx modules are numbered from
six through twen.y as skown, To identify any element position, a three
part number is used, The first number identifies the module in which

4 position is located, The second number represents the row within that
module with rows being numbered from one through twelve starting at
the top. The thitd number vepresents column with the columns in each
module being numbered from one through six starting at the left. Thus,
element posiion number 7-1-1 is located in the upper lefthand corner of
module seven, The positions marked with an "X" are those in which an
external accelerometer had been attached to the element, They are the
unly positions 18 which etement duplacerment data was obtained in this
experiment, The positions in which the accelerations of the squashed
tube reflectors were measured are s'milariy marked in hipure 9, The
accelerometers wern attached to the center of the back {ace of the tubes
directly behind the element position marked with an X",

Figures 10 through 18 1llustrate the manner ir whicn the element dis.
placement varied in twn rows and one columr, Kow "!8" 13 companed of
the sixth row of wlemerts ir modules 11, 12 ard 13, It hies along the
horizontal center line of the lett half o) the array. Column "1%" which s
compuned of the third column of module ei1ght and part of the third column
of module 13 lies along the vertical conter line of the top half of the arzay,
Row "'1" is the uppermcsl row of elements in modules si1x, seven and
¢ight, The positions in the arrav of these rows and columns can be scen
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nbigare X, Ajithough d ty was obtared ot cact tve ovode mcrement of
freqaetey trom S50 o 460 ard at 2170 ¢y e atcrements from 190 to
At eyetes perosecond, oy e oyt v cremests from 400 to 440 Cyiles
pet mew td e whowt Voo, I was e seen that Large avd tandotn saria-
ticr s exosted, Thas wan trye tor ail treQuesgies at which measyremernts
were tsde,  The o dence ol exeertiosully latge amplitude s dees have
a Mt ey trevgeney deperdonce Pawecer, The teeque oy dhistrebatior of
cleant displacemest s silustr tod o Spure 19 Jhe carve o tre lower
Pt ot boos b gare represests St ahispiacemer s regquated of o fully loadedd
avd watarndy e hreting trarsducer to prodace the same atoustic power
ar o actas b transducer. From thes tarve o oo be ween tht adealiv the
troeasddaee e divplacement should be apprexaimately 0.1% thousandths of an
e peak te proak om0 te B0 ey cles per o seqortd dropgang to somee.
what Tower vrlues vhor o and beluow thoese tregues cies,

.-
[he b e aphs i figare 29 seicate tre ranter of somnpled elements
At dosployed d kplacooner ts enuald te ur greater thasthe 2alues g
Cetee those et graphs e cpparest that trequesoie s hetween approx -
note sy s and aet eyclesi per secnnd produce the monst ercatic behaior,
Lhe sdlemecsts ot this erray tosenate 1 approximstely 460 cycles per
secrd e thr yelosded cocdittor, The grumeally Vgl d aplacements
SRRty reprene it vlementy an o vatous degrees of uricooaderg

The mogquer ey e posdence of dosplocement 1ot tour andivvdual etemoents
oo te cvanred e figares 20 thpeget A3, L geners !t several sharp
pooes nd nulls ocour as irequer oy s vated woln cattert nnanitained at
Saeestot s qdue . Elonmast pos tioe ¢ woew sompled twoee and the
resaite bt st ves are pletted r o gure 200 Thos positior aw e
P apper fthard correr ot e crreye The rewults o the pepuated
st ts b peame Pable o agreone st o gerers ! tarm, Flemert
Jreen * Sk b et e enamered g bgare S8 s g the corter of the

t: Th-pte ettarts 1o dy su v o tee Wt aable potters ot dasplacement
dorr o cagld e teur d,

Pre trecsae o disteilnn g o st d v o s o rts gy mlbuvn an
LU I T B N CYRRIT I I SR £ RN o b dosplooete s were beorger
et eptaccerte s N orked tteque oy depecderce s ey
ettt e sty as b ere W e arpespoade g e ptesentition ot
et g ceanert. e wopef o, beveror, that ro measured
doept vt oxiecdor g b oate were fourd st 402,86 oned 40% cyclen
e = Trese frequer oo s are dlse tavorable intue eloment dise
v tedhetr bation, These frequercres the refore represcrt the
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sample plots of squashed tube displacemert as a function ol frequency
are shown an figures 2% through 28, Typically, these show muny diss i
placemoent peaks and nulls, :

safest operating region for the array 1n its present condition. Four ‘,.{L

|

i

- D. Maplacement Phase '
‘The phase of the elemuents 1n rows und columne s illustrated in figures ®
SY9 through 37, These elaments are the sanw as those for which the

displacemuonts were depictud an higures 10 through 18, In a number of

pusitions no value of phase angle ts shown, |n mont canes, data was

nut abtained for these pusitions because the signal level from the acceler -

ometers was very low due to small displacement amplitude, and phase

Jitter caused by notse neade readings uncertain, An in the case of dis-

placement amplitude, no spacial pattern of phasy angle could be .
arcertained, Alwo, no strong correlition between phase angle and din- :
placement amphitude could be found, By averaging the phase angles of 5
all sampled cluments at wach frequency, the curve shown in figure 38 3
wan obtained, These phane angles were meanured with rospect tu the :
amplhifier input voltage, At the bottom of figure 38, the averuge dovia- s
tion from the mean phase angle i shown Note that the deaviation , .
reaches a maximum at 450 cycles per wecond which {4 the resonant ,
frequency of the elements 1n the unloaded condition. A sharp dip in the

‘mean phase angle #lvo occurs at that frequency, ‘This would indicate

that some of the elemerty are unloaded and thervlore arv experiencing

large dinplacement amplitudes and impredances which are changing

rapidly with frequency at the frequercy of unloaded resonance. Figures

39 and 40 exemplity the manner in which the dinplacement phases of ®
individual olements vary with froquency, ‘Tyvpically, these curves difier

cunwidersbly ot frequencies figher thay the loaded rovonant feequency,

F. Equivelent Loadirg

Previous tests with a two modute array, on which the pressyre rolease s
tuben tad been renoved, rer edled ato vquivalent lovding of 0.1 rho e,

Lquivalent lo ching wos determined i the {ollowing macner, A root-

mean-r~guare value of displacement amphitude wan computed for wll

nampled ¢lements at cach opprating frequency, These values were

compured with the values ol displacement required of an equivalent

untfarm velocity transducer producinyg the same dcoustic source levels, »
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CONF.DENT AL

it the case of the tvo-module array, an acoustic toading of 0.1 rho ¢
would have produced approximately the same source levels as the actual
arrave The same procedure wis {oltowed tc fird the equivalent loading
of the !5 noduic 3tray, The resuit~ (te sbowr in figure 41, In this
Crease 0ot e seeh that the eauiiilen loading 1e not coratart for all
“{requeneies, - However, an.auciage vatue ie appron:mately 0,4 tho ¢,

The two module arvay differed fenm the larger areay .= that (* was not
vQuipbrd With a¢ounhic pressure prlease tubes ard tnereiore was loaded
Son both the trort and back fa-e s, Far tFinreanat YRe loading effects

On the two aFPave Canrot be dirnctly compared, Hove er, 1 11 i» coOne
sidered that the o=l efiect o} the double loading on t*e smaller array
was to double thé radiating atea, ind the two artays are compared on
the bauix 01 this axsumptior, the: tie larger arrey appears to be more
tuilv lunded btk from the stardpoirt of electrical impedance and
‘mechanical dinplacement,

F. Enpecielly Inatrumernted Eleme nt

The capec.ally imutrutnerted *rar adaccor element, having intarnally
mourted socelerometurs o Bott. the inrar and outer masses, was re.
porctinted to three lovations 3r the array, 1= additier to the two inter.
tal wcelerometers, o third accolerometer war attached externally in
the t.pped role provided in the certer ot the radiating face. Singe the
manrn ratio of outer to irrer mane in 1,850 1,0, ard the water loading
tnoctplied tc t e outer mann, 1t weuld be expected that the inher mass
wuud Fave a cunsiderably larger displacemernt amplitude than the outer
tmians,  Alnc, if the transducet elemernt exper-enced pure rectilirear
metioe, the two deueleromeuter attacted ic the outer maws «hould
exhtot dertical displacemer vy in both amphitude atd phane, The tela.
voe doaplicament pluse of the ‘arer - d nuter manses (o1 the unloaded
word hor mhoutd te approxim-tely 1B de grees, Watey loach g would
caunt the tulat. G prant todepat? fremths valee., Umity rho CA load-
c @ mhould result v g plane e of approximate ly 138 dogrees, vary.
v eriy shightly wotl frequirney ooor the tregquercy pange of 1nwrest,
Ttras repurt the three actelerametirs on the speaitl trat sducny ele.
et wie referred to aw Ut outer' atG Venternal’ . The farst
tuo desnigratiotes tefer t the 1eterroally mounted zcnalerometers on

the ivner a~d uuter mane respectively, ard ihe last dentgration refers
tu tht externdiy moasted urit, One internal accclerometer 18 mounted
e totner of the outer mans and the other .» mounted or. an edge of
the nt P Mins,
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Figures 42, 43 and 44 {llustrate the dinplacaments of the special trans-
ducer elament ravanured at positiuns 6<1-1, 13:6-3 and §-11-3 respec-
tively, It can be seen that the dinplacement ratio of the outer and inner
massen {9 far frorn constant andthe outer mass, in some {requency
regions, has the larger amplitude. ‘This might be explained, at least

{h part, by the interaction effecty with the other elements oi the array,
At some frequencies, the special tranrducer could be driven bv the
acoustic field and would be absorbing eneryy. The displacarenta reas-
ured by the two ac¢celerometers on the outer mass differ widely \ndicat-
ing a departure from rectilinear motion since thean two accelerometers
do not meanure displacenient at the same part of the radiating area.
Figures 45 46 and 47 show the correspanding phase angles for the
special eleinent accelerometers in the three array positions. The phase
anglen of the inher ¢and external displucoments are shown relative to

the outer displacement, The phane of the externalle .neasured displace-
ment 18 gencrally within 90 degrees of the internaily mearurad displacement.
The phase of the inner maus takes on all posnible vilues, The cause of
this anamaly 1s not clearly understood, '

G. Alternating Current Measurements

The cwrent vensors, which meavure the alternating current in the
series connected rowe of eloments within a module, were used to
measure the current into each row of module number six in one exnpari.
ment and into each row of module number 1] in another exporiment,
The current 1s plotted as a4 function of row number with frequency as a
parameter 1n figures 48 and 49, There are well-formed putterns
which progress smoathly as frequency 18 incieased, Since an tdentingl
driving volltage 1n applied to all rows withir a module, the current vari.
ations must be the result of impedince differences among the rows.
The close manutacturing tolerances on the individual elements would
not permit variations of tiun magnitude among the individual elemants
due to their inherent charagteristics, [t is most probable, therefors,
thit the impedance differencen are cauned by acoustie interaction
effects armony the elements which cause non-uniform loading of the
eluments depending un their powitions in the arvoy and the wave length
of the sound waves in watar., Additional indications of this nature are
evidenced by the module current data. Current nensors tocated in the
underwnter component tanks measured the alternating curront inte
each of the fifteen modules, The results of these measurements for
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ohe experiment dre plotted in figure 50, In this illustration, each curve
18 a plot of the module current 1n a row of five mudules, Curves for
the three tows are grouped vertica'ly, Frequency progresses from left
to right in three Lines, Fol most frequencies witin® the pass band, the
cutrent 18 & manimum 1n the certer module and doccreases more or less
symmetrically toward cach side of the array, Ir gereral, the current
distethution an the top v d bettem rows of modues differas cotsiderably,
This mught be cauncd by Jack af rethar.qu) symmetry of the array
_structure 1n the vertical direction,  The ol <filicd componert tdnke and
Jjuncticn boxes are located at the busu of the structure behind the bottom
row of modules, ard the vitroger boftles are mounted rear the top of the
slructure uet above and to the reat of the tap rov af mcdules,

H Waveforms

Figures 8| through 84 exemplitly the waveforme enisting in various
circuwits during this set of experiments. Figures 81 through %3 show for
three frequencics the waveforms experiencead with pulnad operatio= for

the total traneducer current, sccelerometer outputs, and monitor kydro-
phone voltage, Figure 84 sllustratenr the waveiorm of the input signal to
the amplifier, The lett wide cf each 1llustration st.ows the waveform when
the input nignal 1s pasaed through & 3%Q to 4%0 cve'les per second band-pass
filter, The right side shows the waveform when vro filter is used, Pulsed
opcration, as illustrated hare, was used ornly ir. the experimant in which
acoustic resporse was obtaired, In all other expuiiments a steady state
signal was used, The photograph of component tank Acceleration wave-
torm was obtained from the vutput of an acceleroineter attached to a
vertical surface of the pressure compe=nat10.: tank atop one of the com-
ponent tankn, Durirg the courve o} thene experimenta several accelero-
meters wore attached at arioun penitions or the compuaent tanks and
junction buxes, Theve medsurermnents ird;cvted cnly very small amplitude
of vibration with the exceptior of *t¢ porttici tllurtrited, At nome fre-
quencies, this posit.on experionced “ainration amp:.tudes as high as the
transducer amplitude,

1. Constant Veltage Dreve
All ol the preceding dita, with the exceptron of air .mpeda’ ce. was

obtained with a constant currert :nput to the amptitier of 15 amperey,
One additional run wes made .r order to ob*a.r syrtam revponse data,
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In this run the voltage input 1o the driving amplifier was held constant,
The input voltage was adjusted to a value such that the current did not
exceed 13 amperes at any frequency ir the tand from 330 to 480 cycles
per second, Figure 3% illusteates the amplitude and phase of the current
into the transducer, The phase s referenced to signal voltage input to
the amplifier. If a linear rusporsc with respect to :rput current is
assunied, the voltuge response ¢f the system can be computed making
use of the measured current réuponse whict i» plotted in figure 6, The
resulting system voltage responne ia shown in figure 86, The phase of
the acoustic pressure at the faca of the transducer can be measured in
either of two ways. One method utilizes the measured phase of the
Accelerometer autputs, Since the pressure is in phase with displacement
and displacement is 180 degrees out of phase with the acceleration, the
acceleronetar output voltage is 180 degrees out of phase with the pres.
sure at the face of the trarsducer. The precamplifier used with the
acceleraimeters reversed the nignal phase such that displacement or
pressure phase was measured directly, The prevsure phase, an obtained

by this method, relative to the input signal voltage, is plotied in figure 87,

To obtain this curve, the phane of 2} accelerometers was averaged,
These accelerometers were located principally on elements in the upper
left hand section of the array as shown in figure 38. A measure of the
pressure phase can also be obtiiried from the output of the moritoring
hydrophone. This hydrophons was located on the acoustic axis 34-1/1}
fest in front of the center of the face of the array, Phase measurementa
obtained with this hydrophune, when referred to the face of the array,
yield results which are nimilar to those obtained from the accelerometer
outputs with the exception that they are displaced bv approximateiy 100
degrees leading, Since the hydrophore range is irrufficient for far-field
medsuZements, the data obtained by thi» matrod &ve rot considered as
reliable as thore obtaired with the accelorometets, On the othar hard,
no phuse dita can be very muirargful consider g the widely varying
phare distribution over the f2ce of the array,

CONCLUSIONS

Tests with the 15 module AKRTEMIS ~ource have indicated probable
improved acoustic lortany 48 coinpired with initial tests with a two
module array. The improved loading 18 ¢videnced by both a reduction in
the electrical immdance and by a higher ratio of radistsd power to trans -
ducer displacement, However, a {(undamental differance in the mode of
operation restricts a direct comparinon of the two arrays.
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The current resporse at 420 cycles per secor.d was measured at 103, 1
decibels relative to one dyne/cmc/anipere at one vard, and thero is

evidence that the directivity pater= 16 similar t¢ that which would be A .
pred.cled for at 1dealized array, . Ty

The velocity distribution uver the face of the array, while less erratic !
thar ir. the two module array, drast:cally rentr.cts the ncrminnible power :
level, The denigred maximium displ comert Limitat ov. of the transducer ®
elements «rd the element ar the artav Favi: g maximum dsplacement

determire the upper urmit of electric | power rpat, Since the incidence el
of irrormally high element veloc -ty (x related to frequercy, the allow.

able pcwer level 1n greater at some ‘reque c.en tharn at uivars, A small

frequency range (1n the vicifity of 45 ¢ -wlew per wecord 1a the most

favorable from the stardpoint of m:v:mum perm-swible tower output, ®

8 ki o 2V

The variatiorn in acoustac loadirg, as marifented by iterratiors of !
relative electrizcal impedence aniory rown of elemente nd irom module : i
to module, nupports the theory that the velueity aromalies are caused :
by acoustic 1rteractio” eitects, Operatio® at nigh power lavels 18 con- :
tingent on discovery of A practical means of m:~imizing the effects of -
auoustic interactions amonyg elemants of the ey, [ ] Q.

The curtent varia-:dn Jetweern the e.ectricaliy parillel connected tows

of elements ard par. 114l ¢ornected imnodules provide further evidence

t* it electrical paralle! correction of all elemerts A+ opposed to the

present series-paraliel correctiua will lexd tr reduced veloc:ty anomatias,

This, av well as other means of reducitiy tae . tersction effect, will be
irvestigated, - »
®
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Figare 25 - Squashed Tube Displacement Amplitude
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Figure 28 - Squashed Tube Displacement Amplitude
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