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!‘~e3ee.rcl~ Division baa undertaken the problem of investigating
~~~~ the ~~:s .bilit~r of using hydraulic powered generators fbr .ow frequency

e couetic~ ~~~ under project D1F6. The purpose of t1118 u~ randum is
to re’r~~w the background end development of ideas in connection with
th is  probier~t end to outUne proposed future ~ork .

Although the idea of using hydraulic power for acoustics is quite
o:.e . very littl e significant progress was made in this field before the
work o~ Dr. J. V. Bouyoucos (reference (a)) of the i~tCOUStic I~esearch
Laboratory, Harvard University . He succeed.ed in developing an effi-
d ent self-excited bydrod~ynamic oscillator , end was also successful in

.~~ applyin~j  theoretical techniques similar to those used for electronic
> circuits to ans.iyze the oscillator ’s behavior. The chief advantage of
0... these hydrodynamic systems for underwater sound lies in their aimpli~
~~~ city, small size, end econor~r Gf construction end operation. It isC..) expected that for power above 100 kilowatts ( steady state), the size end

- cost of an electronic system ~ou1d be considerably greater, perhaps ~~re
then twice that for a hydrodynanic system of the sane power. . Another
advantage lies in the fact that the acoustic power is developed within a
liquid under high static pressu re and is readily radiated into the water—— medium without a complicated transducer.

A further extension of the hydrodynamic source lies in the use of
electro-bydraulic aervo-mechanians. In these systems the hydraulic
pow~~. is converted into acoustic power which can be used to drive a
ra4iator as above, but here the output is controlled by electri c signals - -

which actuate the valve mechanisms . This permits a~oura te control of
~~~,, frequency and even makes it possible to use signals bf arbitrary wave

form. 
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Tho ~uoyoucos h.y&o&ynsmic oscillator system is illustrated in
~~~~~~~~ 1.. Hydraulic ener~ i is produced by the electric ze tor and pump
aeaembiy . The lIquid flows into the oscillator which converts the
hrdrO&JnaZ!~.1C ~~~~~er ! ~~o co~~reaoionaJ. vaves or acoustic power in the
cavities at either end. Th~a conversion is accomplished by an
oscillatory valve ~~~~~~ which causes the liquid, to flow through either
ctwi-~ alternately . ~4egen~rutive feedback is inherent in the valve
system and coupled cnvitic~ . The resonant frequency of oscillation
depends c,~~ t:~~ valve nn~s and cor~ liance of the liquid-filled chambers
and Is calculated by conventional acoustical methods.

The acoustic power may be taken from either or both cavitlea end
radi.~t zcl or cU3sipated In a duniny load ibr teat purposes. The ratio of
the acoustic power delivered to the load, to that delivered to the input
of the Bouyoucos oscillator gives the b.ydroacouetic efficiency which
may be as much as 60%. The n~ode of operation is called Class B in
analog with electronic a~nplifiers where the plate current flows tbr one
half cycle alternately on either side of a push-pull circuit and in cut
off during the other bait cycle. In the bydrodynamic oscillator the
static pressure is sinneoid.ally n~d.ulntek approximatei.y 100% for nIaxIm~~power output u~thout cavitation. Tbnr~ ~~r the source pressure has been
limited to 100 psi ( gauge ) with ~~::itely 5 gallon/minute flow.
The cavity pee~~’to-peak pressure I & thei~ roughly 7 at~~spherea and the
power output approximately 100 watts. Experiments with one n~ t1el of the
Bouyoucos oscillator are now In pro~jess Preliminary measurements show
rough agreement with those of Bouyoucoa; however, further work l.a needed
to refine the measurement tecbnlq,uea. It is expected. that the ~~del now
under investigation can be pushed to 2. kIlowatt input by simply increas-
ing the ptnup system from the present 2 ~P to 5 II?. For greater power the
oscillator must be redesigned .

One of the great disadvantages of the self-excited oscillator is
that the frequency cannot be controlled precisely and. depend.s somewhat
on load conditions. For some applications it vii]. be desirable to
achieve exact frequency control by external means . Thin au~_geats that
instead of a self-excited oscillator, one should consider the posaibili-
ties of a bydrodynamic emplifi.r employing a similar principle of
operation.

a 
H’LDRAULIC Ab~ I1PIER

Considerable progress has been med. in this relatively new fi~ldover the put five years in application to industrial servo-mechanisms.
It appears that some of thee. techniques can be taken over into the
acoustic field with little or 
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One of the xix st pi~,miaing developments in this respect is thehydrs~lIc shake t~~~e exalter manufacturid by the M. B. Manu ftctuxingC~~~~~ ’~~.I Ns’~z flaven . 1’h~e devi ce, designed for vibration testing, isp o r ~~ by a 3000 ~~~ b~’draul tc source end is capable of a freque ncyrange ~ t~ appro cft~a~~ly 1(X) cps. The schematic is shown in Figure 2.Electr~eri’. si~~aia are fad to the servo-control valve which actuates
~ o~~1Ifiers , and. finally a piston to which the test sampl, is

~~~~~~~ Forces up to 15,000 pounds have been produced. with a masslcc,3 cC c~~mximate1y 100 pounds. At present the units operate atx~.nfttely 25 g.p.m. , and the input power is limited. to appr oximately30 :.‘~~. The oonverei~n efficiency is estimated to be in the vicinity of
50~, ~~thc’~~ii no e~oict figures are available at present . The hydraulicsu~p1y ayste~i Is capable of roughly 100 kv. output, which if converted.to ~.cou~tIc power would yield. in the neighborhood of 50 kw. Theserelatively large powers arc handled with remarkable ease with uncotapli-cated end co~~act equipnent. Converting such a system for en underwateracou3t!c source scene very attractive even though the frequency may be jsone tt 1ov~r than raight be desired. Discussions with the M. B. rep-reaentat~~~a indicate that they are willing to undertake a contract toprovide a system with hythtrulic ptra~ ar id driver capable of convertingroughly 100 k:Jlowatta of hydraulic power into a dissipative load ‘withreasonable eV’iciency. F~urther discussions are necessary before thespecificatione of the system can be made and a project proposal made.It is hoped that the consult ing services of Dr. Bouyoucon will be avail-able in drawing up these specifications, as well as In subsequentprosecution of the project .

RADIATION

P One of the major problems that must be solved is the radiationproblem. Once the acoustic ener~ r is generated it must be conductedto the desired region where It is to be radiated into the surrou ndingmedi’~m. The condu~tio~ problem is easily solved by conventional wave-gutde techni ques, the wave being confinec~ to liquid-filled , thick-veiltubes. Radiation can probably be accomplished by feeding the enez~~’ tocompliau~ tube e1~~enta with suitable matching sections. There are manypossibl e variations in the ra diation system but a simple monopolera&tator~, as described , will suffice to dem nstrate the practicabilityof the method, in particular for the high power densities invoXved.Directivi ty can be obtained by arrangement of the radiating elements toibzm a beam, using much the same method,e as for radio antennae. Manyother possible radiation systems are possible but vii]. not be discussed,here.

Work on the 3Ou~oueos oscillator is continuing with the aim of gain-ing e~ ,orience in the desiga, operation, and measurement technic_use.
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The pot’er limitation of the present oscillator Will be tested with a
new 5 I~I .P. p~xnp system.

It is proposed that experiments with electro-b.ydraulic amplifiers
be undert aken . This ~~rk will be ~aciL.tated by procuring from the
H . B. Manufacturing Companj a hi~h power hydra ulic system end exciter
unit similar to the one now used for vibration teating. It ‘will then
be possible to invest igate inm~ediate].y the problems of generating and
radiat ing high power, restricting interest teaporanily to the frequency
range around 1.00 cpa. FurTher consideration sbou1~ then also be given
to the design of high power amplifier systems capable of frequencies ~~to 1000 epe. In the latter problem, experience with the B~~~oucoe
oscillator vii]. be valuable.

_ H .
ROBERT H. M~ T.T$~~
Electronic Scientist
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