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ABSTRACT

Under contract Nonr 680(00), the Field Research Laboratories of
the Magnolia Petroleum Lompsary has designed and constructed a directional
indicator for underwater sound and an acoustic impedance meter. Both
instruments required acoustic pressurs and vaeloclity sensing detectors ifor
frequencies between 20 and 500 cycles per second. The pressure detector
emplcys a barium titanate crystal cyliuder as & ssnsitive elament and
repressnts only a slight modification of the usual hydrophone design.,
The velocity detector employs a gmophona of a type usad in geophysical
prospecting as a sensitivs element., In this report velosity detector
design criteria are discussed and proper methods are mentloned for success-
ful detector application to waterborne sound problems. This detector is

new in the fisld of acoust,ics and has several sttractive features,

CONFIDENTIAL



ok

14
»

11.
I(I.
1v.
v.

vI.

CONFIDENTIAL

TABLE OF CONTENTS

INTRODUCTION

GENERAL

DETECTOR DESIGN CRITERIA

MOUNTING AND EXTRANFOUS INFLUENCES
RESULTS

CONCLUSION

REFERENCES

APPENDIX

Appendix Table of Contents

CONFIDENTIAL

Bt T TN

®

Pag,e

bt

~N W



M T

CONFIDENT AL

LOW_FREQUENCY DETECTORS
~ OF UNDERWATER SCUND

I. INTRODUCTiON

The Field Research Laborabories of the Magnolia Petroleum Company,
under Contract Nonr 680(00), has developsd two types of underwater sound
instruments which exploit the low audio frequencies, The first to be
complated was s pagssive intansity meter which uives the direction of
arrival of underwater scund. This equipment has been described in pre-
vious reports, and has besn sea tested for applications in both transient
and steady state sound fielda.(8’9) The second instrument was a bottom
impedanca meter which has been given only praliminary operaticnal tests.
Both pileces of equipment operate by an appropriate corrslation of acoustic
pressure and velocity signals,

Unique detectors have peen constructed to provide these signals,
and their developmant constitutes a completed phase of the project,

The pressurs sensitive detectors represent a modification of the 3A
hydrophone design to permit operation at low frequency. The velotity
detectors incorporate guophones as the responsive element, HMore detail

has been considered in adapting geophones te acousilc problems because

results have been obtained which aupblement those of other investigators.

been obtained by means of good water coupling to the geophones and good

isolation from the botton,
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Specific veiuvcivy deisciurs are adescribed and their design criteria
discussed, but their characteristics should make them attractive in other
types of accustic equirment. In any case, it is especially recommended
as a small, sturdy, cheap substitute fcr pressure gradient detectors,
It is exiremely sensitive to velocity {ihe equivalsnt of pressuras gradisnt)
over a band of frequancies at the low end of the spectrum, It should,
of course, be used only when the factors affecting its operatinn, as
pointad out herein, are properly considered, The pickups to be described
were required to have flat response from 20 to 500 cycles with high and
stable sensitivity., They were to be rugged, smali, and light weight for
portable operatioin frcm either small craft or heavy vessels, A mejor
fesature achisved in the Magnolia prototype equipment design is the use
ot long-wave souwud for acoustic directivity without large, bulky, or
heavy arrays of detectors, or compliceted electrical or mechanical scanning

a.ystems.
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il. GENERAL
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A frequency band of 20 to 500 cycles per seccn
a decirable band for cperation of the sonic bearing indiceter and the
impedance meter., In this band, the attenvation of underses sound is
low, and sound generation by ocean going vensels 1is high.(l) At all
frequencies in this band the detectors were srall in comparison to the
wave iength of sound. Velocity sensitive geophones, or seismometers,
for this frequency band are conventional, but ‘heir use under water is
unusual, Plezo-elsctric pressure detectors 1in water are conveniional,
bu. Lheir use in this frequency band is new. Both velocity and prsssure
sensitive types of pickupe ars necessary parts of the prototype equip-
ment. Since suitable detectors are commercially unavailable, t.ieir de-
sign and construction bLecawe a dietinct phase of the project.

The construction of spsciel pressure deteciors for our applicaticn
appeared to be advisabls. No extensive investigation cf all available
prezsure sensitive detectors was conducted, but type A-3 hydrophonee,
which were available and appeared 1o Le the most suitable, wers tested.
The signal-to-noise ratis was poor throughout the low frequency band;
hcyavar, these hydropherc: wwurs intended for use at much higner frequency.
Plezo-electric type pressure detactors for geophysical use nave been re-
ported and might have been {ested but exact : ecifications of any avail-

able units have not been pubtlicieved. Satisfactory detectors representing

ry
r

ct
4

ATE A
LA

- ———



CONFIDENTIAL
. .
An acoustic velocity signal value may be determined from the
pressure gradient by using only pressure dstectors, but. this method is

known to have low sensitivity and wouid have required very large spacing

betwesen detectors in low {requency application. It wa that
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detectcrs could be constructed wnich would be more siuitable.

Cecphones ordinarily swployed in seismic prospucting are normally
used on land or on the sea bottom as velccity sensitive pickups. Their
use in underwater prospecting is a comparatively recent trend, and under-
weter models commercially available are considered unproven in other
acoustic anpplicatisns, The high sensitivity throughout the low frequencies
indicated that suitable acoustic deitactors could he constructed incorporating
geophcnes as the sensitive eisment, This type of detectcr has been used
in some underwater sound investigations but gesophysical seismometers have

not found favor in underwater acoustics work.(ll)

Most tests have employed
these units in their normasl manner -- vertically sensitive and acousticelly
coupled to the sea becttom. The British have been most achive in t;ia
field<12) but have reported only limited success.

The geophones used in the construction of underwater pickups are

commercially available,(!) and no effort has been made to build them
undsr the Magnolia contract. Their construction is similar to that of
a permanent magnot dynamic loud speaker with no cone. Some detail may
be found on geophones in literature on vibrographs or seismomotera.(z’B)
The mass of ths geophone's "voice coil", and the stiffness of the coil

suspension comprise & damped mschanical oscillator wiii one degree
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of freedom, MNurmal geophone operstion cccurs at sound frequencies above
that of resonsnce of this mechanical system. The shock mounted coil
remains stationary, and the magnet and its field move with the vibrations
of the gecphons housing,

Gaophones mechanically resonant at LO cycles and at 1L cycles
have baen selscted bacause thsy have good sensitivity to the low frequsncy
componsnts of ths noise producsd by ship board machinery. Alss their
output voltages have a constant phase relationship at the higher frequancies
usually fcund uniar water as propellor noisa. The 1k cycls urit normslly
is sensitive to vertical vibrations only and must be specially ordered
for herisontal use. Its good response to a very lov frognency disturbante,
which makes it mors desirable for studying low frequency souids, also
makes the 1l cycle unit more =uasceptible to ship moiions in unsteady
sea conditions. The L0 cycls geophone is less sensitive to ship roll,
is useful hen oriented either horizontally or vertically, and is in
gensral of more rugged construction., Its use is recommanded if future
tosts show that the li cycle units response has no additional merit.
Both units are sommercially available, and are interchangable in the
final velocity pickup assembly.

Testing of the pickups ha= been done in the laboratory and at sea.
The overall behavior of the prototype equipment at sea is the best test
of the detector operation., Individual calibration of the detectors in
water i1s beyond the scope of the ~ontract. A calibration of the geophone

units has bsen made by means of a shaker tableu(lo) Controlled Tibrations
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are impressed upon the geophone housing with this device, and the resuit-
ing signal wltage is measured at the coupling transformer secondary,
A value of 13 volts per inch per smecond at 100 cycles is obtained across
a 1.1 megohm load resistor, This value is not a valld figure for the
operation in water as the acouetic coupling between watsr and detector

is not unity,
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III. DETECTOR DESiON CRITERIA

It is desired to have ambient sea noise on a quiet day produce
more voltage at the amplifier output than the alectxonic background.
Jnly then, in normel operation, will the signal-to-noise ratio always be
detarminaed by (hs sea rather than by the quality of ths instruments.
Efficient use of sensitive _etectors and of low noise amplifiers is
nacasmary for obtaining this high qualiily, and no atep may be ignored
in the transformation of acoustic energy in the water into electrical
snsrdy of the amplifier input cireunit.

The electrical aspects of tha gaophone operation and thas associated
amplifier input circalt are similar to those of a high fidelity, low
impedance audio microphones system, The problems ere ;entered in the de.
sign of a suitable coupling transformer, Transformsrs are used in geo-
physical work to match the low impedance geophone coils tq the high
impedance grid circuit. A voltage gain of T4 has been realized in the
transformers of the Mzgnolia underwater sound apparatue.

The geophcns elements used in detecior comnsiruction give about
155 microwatts per inch per second. This value is considered good for
such small units (325 gm). Ambisnt noiss iz the earth may bs detected
with this ssnaitivity on a quiet day. Greater sensitivity is required
for horisontally directive sound detectors 50 feet below the water sur-
face if ambient sea noise is to be comparable to electronic noise,

Mechanical coupling of the geophons to the earth or to the ssa

bottom is not uszually difficult in geophysical work, but coupling to
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the water bacomes an important aspect of an underwater sound detector
design, An expression for tha coupling of the w .cer and an immersed
cphere has been .derived by Wolf.(S) The expre saion is valid for sny
anaped object if it is small compared to the wava length of sound *n
watar, His foraula for this case has bean used to compute the coupling

between the geophone (non-spherical) and the wster. It reduces to:

U/V - 1+¢M/m

(=}
L]

where: geophone acoustic velocity
V = water particls acoustic velocity

M

geophons mass

m = gsorhone'!s displaced fluid mass,

U/V is defined as tho coupling; and the phase shift between U and V is
zerc in tnis cass, The fo..ula indicates good coupling for detectors
with low specific gravity (density).

An 2lumimum can for the geophones shown in Figure 1 was dasigned
with this in mind., The large air space and light me%tal construction re-
duce th- specific gravity 7rom 5.5 for each gecphone to a value of 1,3
ior the complets anzembly containing two gaophones, The coupling co-
efficisai also happens to be 1.3 and represents 30% more sensitivity than is
indicated by the shaksr table tests menticned in Section II,

There is danger in t.ylng to gst furthar sensitiviiy incracazes by
‘his 2nthod. Greater redvction in deraity would probably causs lowar

rigidity cf the can. Less :igldity might place the frequencies of
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spurious modas of can resonance within the band bastween 20 and S00 cps.
Such resonances are to be avoided beccuse singularitias in the raophone
response spectrum are often produced by vhem.

Necessary dynamic balance in the detectors is obtained when they
behave as a homogenous sclid in ths sound field. Consider any homcgeneous
s0lid object of small size placed in an undsrwater sound field, A balancs
of forces will always exist such that no rotation or recking of the object
will be pr tuced by the water vibration, Non-homogenecus solids will
also have only transistory vibrational motion if the center uf gravity
coincides with the csnter of volume as it does for homogeneous solids,

The non-homogensous solid then has dynamic balence. A reascnable effort
has been made to maintain this condition in the welocity sensitive pickups.
Geophones are not sensitive toc angular velocity, but their output would be
proportional to the?r distance from {he rotational axis, "This means thuat
4 geophone aiggal could be mads weak, made zero, or reversed in polarity

depending upon its position inside the dstector housing,
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IV, MOUNTING AND EXTRANECUS INFLUENCE

v

Sensitivity to the desired acoustic parameters hes besan achiawvad
in the preasure and welccity detectors, out improper applicaticn and mis-
handling may impair their operation., A reasonably homcgsnscus water environ-
mant for the detectors is necessury. The influsnce of a large air bubble
upon ths nearby scund field has been deacrlbsd(1’7) in terms of scaltarsd

energy. The influence is shown to be &mall for small butbles and for long

wave length of the sound. Even though no bubbles are present at the listen-

themselves, o effect of sound fleld distortion by the detectors has been
observed during operation of the Magnolia apparatus, and the influence has
been presumed small,

Even slizht contact between the velocity dstector and anything
80l1id would producs good acoustic coupling to this solid and decoupling of
the detector from the water, For this reason, a low frequancy detecter
suspension of rubber shock cord hss been used as an underwater support.

It has bsan mentioned that no mechaniczl scanning is done with the acoustic
bearing system developed under this contract.(a) The mountings for the
detactors are required only to support ths detectors at a fixed or mobile
location in 2 vertical position with known azisuthal orientation, Figure
L ia a cut-away view ci a tripod‘about 6 feet high used in intensity

meter operation, The rocker arm assembly providss for sslf-leveling of
the detectors in the event that the tripcd settles on a rough or soft

bottom, The suspension of the detectors on two cords insures sicady
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crientation of the welocity sensitive detectors, The slasticity of thess
cords provides the necessary vibraiion isolation and acousiic cdeccupling.
The rubter screen provides protection from tide and wave ac.ion, but does
not have a significent influence on the sound field. This screen has
been removed in all lake tasis previously reported. The tripod has been
satisfactory for all shors based tests.

The photograph of Figure S shows the original plan for mounting
the detectors for bottom impedance measurement., The spherical velocity
destector has sufficlent buoyancy to support the pressurs pickup and ths
necessary cable junction box., The use of shock cord provides mechanical
(acoustic) isolation from the S0 po{md anchor, The sphere is secured in
& manner which provides self-righting abiiity in the presence of water
currents, This model does not permit the sound detectors to be near
snough to ths bottom nor near enough together for the shoriest wave lengths
anticipated, and its use has bssn discontinued.

The tripod of Figure 6 permits a shock cord suspension of the
pickup. Random agimuthal orientation 1s psrmissible in this case. This

design also allows self-righting of the datactor unit with mschanica

’.l

isolation, The airplane shock cord has provided good elastic properties
to the detector mountings. Ths rubber has nct detericratsd in a month'e
use under salt water; however, it 3is not recormendsd for permanent installa-

tions,
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V. RESULTS

Detectors have been constructed permitting urnderwater sound dirsction
indication from a single insirumsnt station with mystem sensitivity over
a frequency band from 2G to 500 cycles per second., The figures in the
apnandix show these detectors and merit some additional discussion,

Several forms of velocity signal detectors or pickubs have heen
conztructed which use geophones as sensitive elemants. The sket:h of
Figure 1 inZicates tha gencral form of a veloclity detectcr used in tesis
at San Diego(9) and at Beavertail Point, Rhode Island.(a) it has besn
discussed in Section III., The can which is anodized to retard corrosion
is L# inches ir diameter and 5% inches high, The unit weighs 5% pounds,

A mounting bar at the top is provided for suspending the detector by a

shock cord, Water proof electric plugs connect the signal cable to the
geophones through the bottom end plate, Both ths top and bottom platas
screw into the aluminum can with an O-ring seal. Two geoplionas &re shown
recessed in an aluminum block within the can, Mounted in this way, they
orovide two horisontal composients of acoustic velocity signal. The sensitiv-
ity is about 278 microwatts per inch per second. The source impedance is

215 ohms,

A 2lightly taller model has been constructed containing three geo-’
phones, The conestruction is similar to that of the two element detector
with an additional vertically sensitive geophone mounted in the top of

the block. This davice gives thrae perpendicular coiponenis of acousiic

veioecity signal. The specific gravity of this detector unit is 1,7 which
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gives a coupling of 1.11, as mentioned in Section III.

Figure 2 shows a detector used in acoustic impedance measuremeni.
The skatch of Figure 3 indicates the pressure detector construction more
cleariy, The sound pressure ie transmitted to the barium titanezte through
the rubbsr at the sides and through the metal plates at each sn2. The
orystal cylinder is 4" long X 2" 0.D. with 2 3/16" wall.'® 1Its sensitiv-
ity ie 15 microvolts per dyne per square centimeter. A preamplifier employ-
ing a typs CE S751 vecuum tube provides a signal amplification of 100, and
an output impedance less than 10 ohms,

The detsctors shown in Figures 1 and 3 are mounted as shown in
Figurs L. The uripod, described in Section 1V, is used as an instrument
atztion on the sea bottom for sound direction indication,

As a component of the bottom impedance meter, a velocity detector

was used having a density {gravity) less than one gn/em3, In this model,
shown in Figure 5, a large laminated wooden ball 18 inches in diameter
was used for [loating and coupling a vertically sensitive geophone,
(This was discussed in Section IV,) With a density of about 0.33, the
wooden ball velociiy detector has a water coupling of 1.8, This drops to
1.4 at 1000 cps when a phase shift of about L degrees occurs betwoen the
ball and the water, The unit¢ has not had adequate tests for spurious
resonant singularities in its response curve. The use of this detector
has besn discontinued because it is too large in terms of wave length at
00 cycles.

% new detactor has besn constructed for the impedarce meter. It

consists of a barium titanate cylinder in a rubbsr sleeve with an amplifier
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end geophone inside. The pafts are shown in Figure 2 and the assembled
unit, supported by a tripod is shown in Figure 6. The ge&phone unit is
elactrically scparate from the pressure Aetector and amplifier, slthough
its leades sre brought tw the instrument panel through the same plug and
cable, This unit has a density of 3.1 which corresponds to a velocity
coupling to the water of 0.73. Complete dynamic balance c¢f the impedsancs
mater units has not besn attarplted as it is to bs used in only the vertical

position with vertically travaling sound waves.
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VI. CONCLUSION

Low {freguency detsctors with wide nracticsl applications in under-
water sound may be constructed for response to either oressure or velocity.
Good sensitivity i8.obtained with conventional design if atténtiou is given
to the detalls presentsd in this report. Similar detectors have been used
for both bottom impadance messurement and for acoustic intensity measure-
ment, Other sonic devices may also be adaptad tc the low frequency spectirum
partly by incorporating these low frequency detectors.

The velocity detectors descrived oifer several noss.bilities which

have not been emphasizad. Their cosine low sensitivity pattern permits

directional effects which are impractical at long wave lengths by any other
method, Their lack of a diaphrégm, or window, or sensitive surface makes
them indilferent to static pressure effects cr other forms of rough service.
Their small size permits great flsxibilivy in their epplication. Since
their operation is indepandent of special materials or phenomeina, an
accurate ssnsitivity calibration will be meintained over a wide rangs of

temperatures and vibration amplitudes. It is hoped that this repori will

premots their popularity in the fleld of underwster sound,
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