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The electromechanical tether cable for RUWS employs a Kevlar strength member and
single coaxial electrical member. Power and comniand/control signals to the vehicle and the
wide bandwidth video and sensor data from the vehicle are simultancously transmitted on the
tether cable through use of time and frequency multiplexing techniques.

Hydraulicallv-powered systems wer= selected to perform the RUWS mechanical fune-
tions because of their tolerance to high ambient pressures and their inherent versatility through
simple variable-speed controls. Hyvdraulic systems are compact and offer a low weight-to-
power ratio, Weight is significant because of the high cost of syntactic foam that is needed to
provide vehicle buoyancy at depths to 6,100 metres {9,000 psi).

Another majoi factor for selecting electrohydraulic propulsion systems over electric
propulsion systems was that controllable ¢lectric drive motors would cause s varyinig clectrical
load which would produce large line voltage variations at the vehicle due to the IR {current
X cable resistance) loss in the cable. The RUWS system uses a 8.3 1 5-metre (24.000-foot)
coaxial electromechanical cable that transmits up to 45 kVA of 60-Hz. 3000-volt power to
the PCT and vehicle. The clectrical control and infonuation signals are time-division multi-
plexed onto the coaxial power cable. The sensitivity of the multiplexing circuitry requires a
faitly constant voltage level. Large voltage regulators with their attendant high heat load
would be required for large line voltage variations. By operating a fixed-displacement hydrau-
lic pump at 2 constant speed and throttling excess oil flow through a relief valve the clectric
pump-drive motor is under constant lead. thereby minimizing the electrical current variation.

Hydraulic propulsion systems, however, tend to produce more noise than electric pro-
pulsion systems. Components in a hydrulic system considered to be major noise producers
are pumps. motors and valves.

The objective of this program was to select several commercially available hydraulic
pumps, motors and valves as condidate components for the RUWS clectrohydraulic propul-
sion svstem, perform acoustic tests on the components. and select the quictest components
that would fit the requircments for the RUWS hydraulic system.

SYSTEM OPERATING REQUIREMENTS

The components in RUWS submersibles requiring electrohydraulic power consist of
the thruster drives. vehicle tether winch and traction drives. and the vehicle's work suit {mani-
pulators, camera gimbal. and special tool drives). Figure 2 depicts the RUWS vehicle, iis
thrusters and work suit. The thruster arrangement provides four degrees of propuisive control:
vertical, transverse. fore and aft. and vaw,

The vehicle work suit (reference 1) consists of a seven-function manipulator, a four-
function grabber. a TV-camera pan and tilt gimbal, and vartious work tools. The work suit is
electronically controlled and hydraulically powered. To meet the design performance goals
for the work suit, 1000 psi was needed for the hydraulic supply pressure, and therefore 1000
psi was sclected for the RUWS vehicle system pressure. Candidate hydraulic components
selected for use on the vehicle were tested at 1000-psi differential pressure for the acoustic
compatibility evaluation.

1. Mamone, R. A, J, Held, and R. W, Uhrich, “Manipulator, Grabber and Toaols for the
RUWS Work Subsystem™, NUC TN 818, Volume 2. November 1972,
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ACOUSTIC COMPATIBILITY CRITERIA

Prior (0 sxclecting components for the power system it 13 nocessan o establish the

operating ranges for the submenible 3 stem’s avoustic sensory, The acotstic frequendy bands
for the RUWS scarch and  vigation sy stems are shown in figure 3 (references 2 and J). To
achieve acoustic compatibility, the acoustic output of the hyvdraulic components must be
minimized in the operating bowls of the various RUWS acoustic sensors,

V3S PASSIVE
PR
IR VEHICLE VSS
i ALT ACTIVE

SBIUPRIK,
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1

FREQUENCY {iHz)

Flaure 3. RUWS scoustic frequeney spectum,

2. Valbers, Ho W, “Specifications for Vehicle Search Sonar (VS8 Equpmient™, NUC Hawan Labomteny,
Code 6331, Decomber 1971
3, Valbern, Ho W, “Specification for Long Range Tracking Sonar (LRTS1 and Alnmeater Equipmant

far the Remate Uninanned Work System™, NUC Hawait Laboratony, Code 6831, Febuan 19720
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Eleciric Motors General Electric, Model 4K234A K203
Louis Allis Pacemaler Motor

Pumps Borg Wamer, Model P4-28
Dtl.;wal Model IMO A12-DB-i37
Vickers, Model V30-1FI13F-ICL
Racine Supervare
Hydrastar, Model 5-H1-20G

Motors WSI. Model 35 Mark VI*
Nuiron. Model MF AV-2.3
Char-Lynn, Orbif Model AAS*
Lamina, Model A-62F*
Planzt, Model MV-93-A1A2BIAL#

Servo Valves Olsen, Modei §-3C
Moog, Modat 74-104
Moog, Model 35-A-76-15-E-05-6-A 4
Sanders, Mode! SV438-10P
Relief Valves Republic, Model RG70-2-3/4 82-1/4
Vickers, Mou ' CT-10-C-20
Fruid Controls, Madel 1AR41-F10-308
Fluid Controls, Model 1A32-R6-308
Circle Seal. Model P10-776
Rolamite. designed and fabricated at NOSC

ested at Ku Tree Reserveir
The clectric motors were necessary for test purposss 1o dirive the pumps. Their noise outputs
were very low and did not significanily centribute to the results of the pump tests (graphs
A-101 and A-102 in appendix A).

COMPONENT EVALUATION

- 'I'i > facilitics and procedures used in evaluating the candidate components are
cribed in the following paragraphs.

[
Y
Y

TEST FACILITIES

The initial tests were conducted at Ku Tree Reservoir (figure 3) in central Dahu. This
site was desirable because of its large water volume and its bottom profile. which minimized
reverberation at the hydrophone. Because of logistics problems encountered at that remote
test site, however, the tests were continued in a Doughboy swimniing pool. 28 feet in diameter
by 4 feet deep {figure 6). The reverberation off the walls and bottom of the pool produced an
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Figure 5. Ku Tree Reservoir test layout.
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Figure 6. Doughboy swimming pool test layout.
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incredse in the measuivd sound pressure levels: but the shapes of tlie noise spectrum approxi-
Mited those recorded (or the saine componeitt tests at the reservoir (Tigure 7). 11 was observed
that e sound pressiie curve shitt was i proportion (o the absolute noise level: i.e., the in-
crease i sound pressiie level was kigest for the noisiest components and less for the quicter
ohtes. 1 all cases. pool weadings weie higher (han open water readings, so the use of pool noise
treadings for componient selection is felt to be on the conservative side.
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Figure 7. Acoustie tests vt Moo 74 senvo valve compar-
fig swinuning pool wesnlt with Ku Tiee Reseivoir result.

I 1973 a saltwater test pool was buill at the NOSC Hawaii Laboratory and was then
used 1o further acoustic testing. Figure § illustrates the lavout of the saltwater test pool.
Table 1 shows which components Wwere tested al which facility. Only those components
testeid in the same facility should be compared.

The colmponents and hivdrophone were suspended from cantilevered beams and sub-
merzed l‘:\!tﬁmy to the bottom ol the pool. No hoses ot brackels touched the sides or bottom
of the pool.

A hividranlic test stand was used to supply pressure and flow to the motors and valves
for testing, The test stand was equipped with pressure gages to fonitor output and refurn
presstires, a flowineters {© monitor flow {o the componenis, aud valves to control output and
return pressures and Mows, Hydiaulic oil, MIL-H-5606, was used in the tests.

SOUND MEASUREMENT EQUIPMENT

Acuustic weasutetienis were nide using a Clevite Hydiophone, Model CS=331AAG
(RMYY which consists of a CH-3A sensor and A CASMAG preamplifier assembly. This system
was Calibrated by Clevite and had a Tt response of 66 & 2 4B reference 1 volt/iniciobar. The
hydiophone systein is powered by a 12-volt battery,
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To convert from the scope reading to the standard units of dB//microPascalftlz/yd,
the following relationship was used: dB// 1 uPa/lHz/1 yd = scope reading + 148.2, This rela-
tionship is dcr;ixc(l as follows: the scope reading is in dB milliwatt (dBm), which is defined as
10 log 1000 R—". The following cquation is used to convert scope reading to dB volts (dBv):

. 72 N
dBm= 10 log 1000 -—2—6- where R =30 ohms

=10 log 20 V=
10 (log 20+ 2 log V)
13420 log V
13+ dBv where dBv =20 log V
therefore: dBy =dBm =~ 13
= scope teading = 13

A scan bandwidth (BW) of 300 Hz was used. To convert to a 1-Hz BW, 10 log BW must be
subtracted from the scope readings. Therefore:

dB\'g’/| e =dBm - 13-10lo2 BW
dBm - 13- 10 log 300
dBm - 13-24.8
=dBm-37.8
The speetrum analyzer has a S0-ohim shunt resistor, and when the hydrophone wuplitier is
plugged into the analyzer the voltage that the scope receives is one-half the open-circuit

voltage.

Since voltage into the scope is one-hall’ the hydrophone output, a correction factor,
20 log 2. is added to the scope readings, Therefore:

dBv//y 11 =dBm ~-37.8+201log 2
=dBm-37.8+06

dBm - 318
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Figure 8. NOSC saltwater test pool layout,

The hydrophone output is fed into a Hewlett-Packard 1417 Spectrum Analyzer. A
simplificd schematic is shown in figure 9.

50 OHMS ] |
SENSOR 50 OHMS SCOPE

l
| !
l AMPLIFIER _TL i }
L J L _

HYDROPHONE SPECTRUM ANALYZER

Figwme 9. Hydrophone-analyzer simpliticd schematic.




Hydrophone sensitivity must be subtracted 1o get the actual sound pressure levels at the

hydrophone. Thereiore:

(“3//] microbar/l Nz = dBm - 31.8 - (-060)

= B+ 34,2

To detertine the sound pressure fevels at one yard spacing, @ correction tactor, 20 log D,
must be added to account for the spreading loss. The absorption loss for five yards spacing is

negligible and was not considered. Theretore, where hydrophone spacing D = § yands,
dBHl microbar/l Hzfl yd =dBm + 342+ X log &

=dBm 4 342+ 14
=dBm + 48,2

A microPascal is equivalent to 107 microbar, so. in dB. the zero reference on the microbar
scale is equivalent to 100 dB on the microPascal seale Therstore:

dB// microPaseal/ 1 Hz/1 yard = dBmot 482+ 100

dBm + 1482

When transposing the acoustic curves from the polaroid pictures to the graphs, 148,22 was

added to the dB scale.

COMPONENT TESTS AND RESULTS

The methods that were employed in acoustic testing of the different components are

described in the tollowing puragraphs,

RELIEF VALVES

The relief valves tested were set to open at 1000-pst difterential pressure. The valves
were installed as shown in figure 10 and tested at various flow ates. To determine the effects
of higher ambicent pressures on the noise output of hydraulic components, simulated high
ambicut pressure tests were run by increasing return line pressures while maintaining a 1000-
psi dilTerentinl pressure across the valves, Three pressure veliel valves were tested af various
return line pressures to determine the effects of the higher pressures on neise output,
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HYDRAULIC
TEST
STAND

RELIEF VALVE

Rl

Figure 10, Test schematic: elief valves,

Reliel valve test resuls are shown in graphs B=101 through B=31Q, B-0o01 through
B-604. G=201 through G-208, and G=301 through G=304 in the appendices.

The Vickers relief valve was tested at veturmn line pressures of O, 230, 300, 400. 430,
and 300 psi. Acoustic data (graphs B=301 through 8-313 ol appendix A) show that by in-
creasing the return line pressure from 0 to 2530 psi. the low Trequency (0-40 k1z) noise output
was reduced considerably but there was little effeet on the higher frequencies, There was no
further reduction in low frequency noise output with increasing pressures: however, the mid-

range 10-kHz) noise vutput decreased with increasing pressure up (o 400 psi. The high {re-
quency (140-200 kHz) noise outpul decreased when the pressure was increused from 330 to

450 psi. There was no change in noise output with an increase in pressure from 430 to 300
psi.

The Republic reliet valve was tested with returs tiae pressures of 0. 230, 500, and 730
psi, a8 seen in graphs B-401 through B=408 of appendix A. The low trequency noise output
decreased with inereasing pressure up to 300 pzi: however, there was little or no significant

change in noise output with an increase in return line pressure from 500 to 730 psi.

i T
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The acoustic data indicate that cavitalion noise was probably reduced or climunated at
pressures above 450 psic 1O would also appear that operations at depths below 1000 feet,
where mubient pressures are greater than 430 psi, will have much lower noise levels than op-
erations nearer the surface. Al relie! valves were tested at both O- and 300-psi return pressures
to determine their noise output at the surface and at denth,

The results show inconsistencies in some of (he corves from tests tun under apparently
simtilar operating conditions (graphs B=301 vs B-311 tn appendix A This may have been due
to dissolved gasesin the hydraulic oil coming out of solulion duting testing. With less dissolved
gases there would Le fess gascous cavitation. Foam was observed in the oil resetvorr dunng i
testing even thougit the reservoir oil level was sutliciently high and the reseivoir was mounted
above the pumyp.

The amount of air dissobved m the ol was not measured dunng the tests, Components
tested with saturated off mav appear nedsier than those tested with low gas confent. Thewre-
Tore, the best comparisons are made between camponents that were tested with 300-pst returmn
hine pressure,

A Sanders frictional-throtting servo valve, mado number SV=1 38100, was acoustically
tested in g relie valve moder fe., O way used (o regulate pressure by throttling the hydraulic
oil flow with ne extreme toad, Howas compared with the Vickers relief valve. model number

CT-10-C-20 ¢turbulentthrottling), A comparative evaluation way conducted using degassed
oil and oil from an open reservoir,

The Sanders servo valve and the Vickess relief valve test results are shown in graphs
B=31o through B=339 and F=401 through F=10 in appendix B, The test results show that
the Sunders frictional-throttling valve is much quicier than the Vickers turbulent-throttling
vaive, The results also suggest that degassed oil makes littde ! any, difference in the noise oui-
put of the Vickers valve at the lower flow mtes, but reduces the noise vutpul by approxi-
wately 10dB at 20 gpm,

it »

ot o

The Sanders servo valve and the Vickers relief valve were tesfed at return ine pressures
of 0 and 300 psi. Acoustic data (graphs G=101 through G=108 ol appendix BYshow that there
is a lrge decrease in noise ontput for the Vickers valve when back-pressuued to 500 pst, The
data algo show that there is no decrease in noise output of the Sanders valve when back-
pressured, The Vickers valve, when back-pressuredd to 300 psi, ix as quet as the Sanders valve
at & gpmhowever, the Sapders valve is approximately 10 ao quieter at the higher flow rates.

With design assistance from Richard AL Milroy of the NSRDC Annapolis Laboratory,
a Rolamite pressure relief valve was designed, fabricated, and acoustivally tested, In eatlier
NSRDUT tests. Rolumite valves had proved to be comparatively quiet: this experienee led o
NOSC's interest in the valve for potential use in submoersibles. According to Milvoy (refetence
4). the Rolamite \':t'\"e achieves quiet frictional throtting with noenc of the problems of con-
ventional designs. such as close machining, leakage, extreme tilteung. ete.

4, Moy, Ry AL CROLAMITE Rollisg-Gare Valves™, Naval Ship Rescuch and Development Center
Repaorl Number 407, Septembey {07

T T



The frictional=throttting Rolimute valve, NOSC drawing number DRS-1000 @appendix
M, uses Coliitmted Hole Structure (CHS), manutactured by Brunswick Corpamnon, as the
throttling clement.

The Rolamite valve was designed as a pilot-operated reliefvahe, The prlot stage was
designed into the Rolamite valve, however, the pilot stage desgned mto tae Rolanute housimg
was not used in the acoustic tests becanse of ity poot performance,  The pressure would osaittate
approximately 200 psi between 200 pstand 1100 psi,causing an awdible squeal on the upwand
slope of the pressute eyvele. The pilof atage was made nonfunctional by admsting the loading
serew (o place o lane load on the pilot stage spring. A reimote rebief valve was connectad o
the control port and used as a remote pilot stage (fpture THL the Rolaanie valve then operated
steadily, The remote whief valve was not subinemed dunng the acoustic tests and ot did not
contribute to the acoustic output of the Rofanute vahe.

e N

T
REATOTE ——
PILOY pn e v '
VALVE |

{
La !
HYDRAULIT . l

AU
AU ——
STAND

ROLAMITE vaLVE

Figure 11 Rolanute vahwe tost imngemont,

Graphs B=001 through B=604 in appendix B show that the Rolanute vahe had s
highest acoustic output at 10 gpm and was quicter at the lugher fow mtes, Thas chametensiie
nay be due 1o the arangement of the CHS throttling clements @ppendiy D)L Asshown m
appendin D, the two throttling elements are sepavated by g plenum nng formng a plomuan
chamber, Flow through the oloments i regulated by the amount the band s uncovered on the
first clement. For all flow rates, the Tow area of the second element remamns the same Theres
fore, the pressiie drop across the second element vanes proportionalh with the flow, the
higher the fow, the greater the pressure drop, The second element s effective at (he lngher
flow rates and not at the low rates, However, at 10 gpm, the secomd clement may not havwe
enough offect over the fncreased turbulence o aeep the noise level as low as it wat S pp
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3 throngh G=204 @appendin O) clearh show that the Rolanite valve s
surface than the Vickens relief valve at notmal operating conditions.

Graphs G=203 through G-208show that at lugher ambient pressures, where cavitation
educed mthe Vickem vahve, the difference i mudh fesy, however, (he Rolamte valve st
~ A ’\}mik

Graphs G=301 theough G=304 tappondiy T) show that the Rolanute s generally

. quitter than e Sandem wenvo vahe except at fiequenaies above 30 kHe tor the 18gpm ow
ftes, and above 130 KUz at the 20un Now rates

MOTORN

The hvdmulic moton were fested at varions power levels (o sunulate !« loadng
chatacleristics of e submauble ;‘!‘\\;\hi\mn unily. To smmulae propeller Toadmg without

ereatig e usial propeller trbulence, 1 To-inch thick alumimem ih\‘k\ were attached to the

motoe thatts tgure 121 A tachometen sending unit was abo attached to the shalt o momior

H
haft ipis Several disks having diiterent diametens were availa hi . E.u,h duk wax e ;* NIt
faily calibited o iﬁ?‘mzmc the torgque fequired o rofade it at a given pm wihile submernged
water The tongue v ipa curves of Hie varous disky were used 1o select a ;\;x\\,;iu\: snnula-
-

1
o that would presen ihe proper amount of loading for a ghven mofor,

—

e A AN A A A A

YR
TERY
|TAND

ot sehomatic motor,

il

SN O 1100 P 1R MATORRIA i W O

L Byt
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Fgure 15, Test schomatic: pumsps.

SERVO VALVES

The serve valves were fnitially tested by connecting thair control ports together, as
in figure 16, and conuecting the 1000-pst pressure across the valve, Hy iif"i L flow
rough the valve was adjosted by varving the olecirieal supply voltage. This nuzi&\* of wst-
gdad not \imuiiﬂ-\ e dmi use i‘i‘uiﬁd ns. The full 1000-ps1 prossune was being dropped
t. In the sctual system, the 1000 ;f%?}..!ft‘ drop
\\’i}uiﬂ bc d\\'xdui %z\ woen sin h\‘drmh f;m atad the oo vahve: the prossure ¢ x;;»: across
each would depend on the amount of fiow through the \*‘ﬁ\“ o the moton In the “final
system” test (ligure 171 the contral ports were connected 10 a hvdmulic motor. Part of e
1000-psi pressure drop then eccured across the hvdmulic u‘ﬂii}a and part occurred across
the valve, The measured noise output was taken as the combinad noise output of the motor
and the servo valve, l§z= aluminm disk ;‘ﬁz; Her stmudator was wounted on the wotor shaft
1o load the motor without creating the wrbulence and thrust inherent in a rotating propellen
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Figure 16. Test schematic: sorvo vabves (initial configuration),
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Results of the servo vadve tests are shown in graphs E-101 through E-310 of appendix
AL Test vesults of sevvo valves and motors in the final test configuration are shown in graphs
F=101 through F-413 of appendix A. In this configuration, the highest noise levels were pro-
duced at fow motor rpm where the largest pressure drop occurred across the servo valve, When
the motors were run at the higher speeds, more pressure was dropped across the motors,
resulling in lower noise outputs. The Olsen-WSI combination c<hibited the lowest noise out-
put and was selected for use on RUWS,

COMPONENTS SELECTED FOR USE ON RUWS

The components selected for the initial construction of the vebicle in 1973, after the
first component acoustic test series in the doughboy swimming pool were done. were:

1. Vickers pump
2. Vickers relief valve

3. Olsen servo valves

4. Washington Scientific Industries motors
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The Tepes of pumnps tested included the Tollowiny-

peme TYpPh DISPLACEMENTYT WEIGHT

PRt

Vivkers \ ane, fined- 20 g A
displacenent

Borg=Wainer Geat fived 24 g A

- 2 displacement
Del aval Serewn 10 gpm @ 121

1000 P
Ravine Vane, prsstie- ligpm e 02
vompensaied O psa

Hvdiasi Gear, fined- 20 gpm ol

digprlaceent

Pest resudiy are shown wm gaaphs D=0 theugh D404 of appendin A The Del aval pump
was he ginetend pamp tested However, it had high inteinal leakage and it was abo the hicavi-
osl pumyp tested

Ihe Vichors pump was oiigmally selected for RUWS This pump was also tested waih
SUO-pat indet prosvure, which resulted in a signiticantly lower acoustic output, howeves, the
acoustic vuiput for that test was reconded ondy i to 100 k7. The redaction in avousiic
output s probably due (o a educton i mieral and inlet cavitation noise.

The Racie pump was otimmally fested ondy 1o evaluate that fype of pump, a pressure-
compensated, vanable-displacensent desipn 1 has a lower acoustic ouiput than any fined-
displavenient vane pumyp {esed

Laboratorny operation of the RUWS svatem has sinee shiown that changes in electical
load at the velieles are tolerabie A prossure-coinpemated, vanable-displacement pump woukd
theretore offer a signilivant noise reduction. T addiion, iy use wonld elminate the low

Uirongh the elie! valve and the inherent noise catred by the throtiling of the {Tow

A Hydrastar pump, medel 5211206, manufactured by Hartium Corpotation, alo was
s avoustivally testod. Thix pumpr was direetscoupled o a 17804apm G eleciiie moter and run
it the oil-filled wotor pamp container Phe tests were conducted m June 1978 at the NOSU
saltwatet test pool, Graphy D=501 thirough D=302 show that the T diastar pumpt s quieiesd
- al a S00-psi load, and noisiest at so load (0 psid

Graph G=401 shows that the Vickers pump is guieter than the Uy dvas.ar pags up to
20 k2 above 20 kU7, the Hyvdiastar pump i quieter

Graph G-501 <Bows that the Racine supeivane pump is quieter than the Hvdiasia
pump.




After installation and checkout, the vehicle was scoustically tested with the bydro-
phone mounted on tie front of the Toam pack where the vehicle search sonar (VSS) ultmate-
Iy would be mounted. Testing was done in Kaneohe Bay, and sea level measurements were
recorded. To simulate 1000-Toot depth operations, the hydraudic system was pressurized o
500 psi. The results ave shown in figure 18,

Sinee 1973, when the hydraulic components were selected, component acoustic tests
have continued, Beeause of the new OSHA regulations on noise in the working environment,
hydranlic component manutacturers have been expending greater efforts in desigmng quicter
hvdreaulic components, Quiet hydeaulics development has also been contimung at Navy

laboratorics.

L

Component acoustic tests have continued on pumps and valves which were the mgjor
noise producers. Commercial pumps advertised by the manutucturers to be quict were tested,
as were valves incorporating quict throttling technigues. As a result of these continuing (ests
anew Silentvane model Racine pump has been selected to replace the Viekers vane pumyp.,
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Figure 18, Eleetiohydraulic acoustic spectium for RUWS,




CONCLUSIONS

There are several mechanisms of noise generation in hydraulic systems. The major
mechanisms are cavitation, machinery and fluid tlow, =

In hydraulic components and systems of which noise was not a design consideration,
cavitation could be the most serious noise source, Cavitation occurs when, at some point in
the system, the local pressure is less than the vapor pressure of the hydraulic fiuid and bubbles
are formed. This can occur in areas of high velocity tflow and intense turbulence. Then, at a
point downstream, the pressure rises above the vapor pressure and the bubble collapses
(implodes) producing broad band noise exiending from the audible into the inaudibie fre-
quency ranges. 3

By maintaining the pressure throughout the system at a level high enough that even in
areas of intense turbulence the local pressure does not drop below the vapor pressure of the
fluid, cavitation would be eliminated. The components tested showed a reduction in noise
output when return line pressures were maintained above 4350 psi. This is the condition of
submersible hydraulic systems that have reservoirs compensuted to ambient pressure in the
deep ocean. It may also be accomplished with a closed system with a sealed reservoir pressur-
ized to 450 psi.

Hydraulic components are being designed and produced without a tendency for cavi-
tation. Sharp-edged orifice valves are highly susceptible to cavitation because of the high fluid
velocities and turbulence on the exit side of the orifice. Sceveral throttling techniques
using small-cross-section multiple paths are presently employed by manubacturers making
quiet throttling valves. These techniques keep tlow velocities and turbulence at levels which
do not produce cavit .ion,
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APPENDIX A
TEST DATA OF F{RST TEST SERIES
GRAPHS
noise profile graphs for each of the components and specitied fest conditions. The decibel

This appendix presents the results of the {irst series of acoustic tests, depicted by
)
)

scales for all graphs have a reference ol 1 microPascal per

shertz per yard (dB//uPa/lz/vd).
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APPENDIX B
TEST DATA OF SECOND TEST SERIES

GRAPHS

This appendix presents the resiilts of the second series of acoustic tests, depicted
ed test conditions. The decibel
z per yard (dB//uPa/Hz/yd).

by noise profile graphs for each of the components and specifi
scales for all graphs have a reference of 1 -microPascal per hert
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APPENDIX C

TEST DATA OF THIRD TEST SERIES

GRAPHS

This appendix presents the results of the third series of acoustic tests, depicted by
noise profile graphs for each cf the components and specified test conditions. The decibel
scales for all graphs have a reference of 1 microPascal per hertz per yard (dB//uPa/Hz/yd).
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APPENDIX D
NOSC ROLAMITE VALVE DESIGN

A Rolamite valve was designed and tested by the Naval Oceuan Systems Center, Hawaii
Laboratory. The valve is shown in figures D=1 and D=2: design details are contained in the

NOSC drawing DRS-1000 (3 sheets).

-
et
-

Figure D-1. NOSC Rolamite valve
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