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MILITARY SPECIFICATIONS

MIL-H-5440—Hydraulic Systems, Aircraft, Design and Installation Requirements for
MIL-H-8775—Hydraulic System Components, Aircraft and Missiles, General Specification for
MIL-F-8815 —Filter and Filter Elements, Fluid Pressure, Hydraulic Line, 15 Micron Absolute and 5 Micron

Absolute, Type Il Systems, General Specifications for

MIL-C-15730—Cooler, Fluid, Naval Shipboard, Lubricating Oil, Hydraulic Oil and Fresh Water
MIL-P-17869—Pumps and Motors, Power, Oil Hydraulic (Naval Shipboard Use)
MIL-P-19692—Pumps, Hydraulic, Variable Delivery; General Specifications for
MIL-F-24402—Filters (Hydraulic), Filter Elements (High Efficiency), and Filter Differential Pressure

Indicators

MIL-F-2#1402—Filters (Hydraulic), Filter Elements (High Efficiency), and Filter Diffe

MIL-F-2#1702—Filter Elements, Hydraulic, Disposable, General Specification for, (Metric)
MIL-C-2714—Connector Tubes, Hydraulic Component, General Specification For
MIL-H-8B282—Hydraulic Fluid, Fire Resistant, Synthetic Hydrocarbon Base, Aircraft
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atta-significant power level and in a controlled manner. On hydrofoils, hydray

lic systems may

actuate the hydrofoil control surfaces, the rudder, the bow thruster steering nozzles and thrust feversers, retract

the foils and the anchor, and start the propulsion engine. On surface effect ships, hydraulic systems may
actuate the rudder, the steering nozzles, and thrust reversers, vary the propulsor inlet, control the lift for the lift
fans, control the cushion doors, the cushion differential pressure valves, the propulsor closure valves, and
power winches and other equipment. On submersible vehicles hydraulic systems are typically used to power

maneuvering, propulsion and trim control systems.

hydraulically on submersible vehicles.

Winches and manipulator arms are often powered
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3.2

System Arrangement—This HRP applies, but is not limited, to aircraft type central hydraulic systems, used on
advanced marine vehicles. The primary function of the system is to extract mechanical power from each
propulsion or ship service prime mover and distribute hydraulic power to the users. Electric motor driven
pumps and if bleed air is available, air driven pumps may also be used.

The hydraulic power generation and distribution system shall fail operational/fail safe. Unless otherwise
required by the detail specification, the following guidance is applicable. Loss of one hydraulic system shall not
cause the vehicle to go out of control. Loss of two systems shall not prevent safe return of the vehicle to port.
Separate systems and separate controls should be used to achieve redundancy. A system can be subdivided
into two or more closed hydraulic loops, each with a separate reservoir and pumps. Different power sources
should be used to obtain redundancy the prlmary pump can be driven by the propulsmn engine and the
secondary pa 7 ; v reHmpnitoring may be

used to enha
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isolation val
provided for
it can incre
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c distribution system shall have redundant lines or crossover or power transfer equ
ves so that operation can easily be restored after a major leak. Dual power
all vital functions on manned vehicles. In addition, manual backup,€ontrol is reco
ase safety, as for hullborne steering. On military vehicles/additional syste
ht features may be required for survivability. On unmanned vehicles, redundancy

POWER PLANT PACKAGE FOR SUBMERSIBLES—The hydraulic system power p
where possible, as a package unit capable of being readily removed from the vehi
the power package hydraulic systems components, including the electric motor, (

in the resgrvoir package and designed to operate submerged in the system fluid. The en

function p
expected
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3.3.1 PRESSURH

operly when subjected to external pressures>up to the ambient sea pressure
ehicle depth.

Pressure Lével—System pressure level shall bedselected on the basis of minimum eq

liability and least life cycle cost. .Higher pressures tend to minimize weight bu
rated above 21 MPa (3000 psi) is-limited and development costs may be signifig
ure systems. For intermittentduty subsystems, such as engine start subsystems
a (5000 psi), are often used-to minimize weight. Variable displacement pressu
pften used for pressure-regulation of central hydraulic systems where the ma
he system is the pump.cutout pressure. MIL-H-5440 provides guidance for setti
ding valves for 10'\MPa (1500 psi) and 21 MPa (3000 psi) design pressures.
ef valves is to limit'the magnitude of transients or protect the system in the event
ailure.

COMPENSATION—ON submersibles, hydraulic systems must often work against v

sea pres

compensate’the system. This is a method of keeping the internal pressure in the reservoir

stires. “A.common method of overcoming the problems of this high external pressu
the systeimwmhmm:rmgﬁhrm-mw

The "Handbook of Fluid-filled, Depth/Pressure Compensating Systems for Deep Ocean Applications"

provides d
3.4

34.1

escriptions of various types of pressure compensated systems (see 2.5.3).

Pressure Definitions and Pressure Test Requirements
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RATED PRESSURE—The rated operating pressure of a component is the maximum safe operating or working

pressure of a component based on an established number of fatigue cycles or a burst test requirement and
does not necessarily preclude the use of the component in applications subject to infrequent transient

pressures.
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3.4.2

3.4.3

3.4.4

3.4.5

3.5

MAXIMUM OPERATING PRESSURE—This is the maximum calculated pressure developed under operating
conditions considering, but not limited to, factors such as rapid valve closing, overhauling, and suddenly
applied loads and relief valve response time.

FATIGUE PRESSURE RATING—Components which have an expected service life of one million or more
pressure cycles with a magnitude in excess of 50% of their rated operating pressure are to be subjected to
impulse fatigue tests to ensure a fatigue pressure rating at their operating pressure. See NFPA T2.6.1 for
recommended verification test procedures.

PROOF PRESSURE—The proof pressure is the hydrostatic test pressure to which components and piping are
subjected prior to system delivery to verify integrity and the absence of leaks. For parts not covered by a
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uidance shall be used in determining the minimum proof pressure:

proof pressure should be at least 150% of the rated operating pressure.

suction ports the proof pressure shall be not less than 200 kPa gage (29\b/in?g).

pressure and cylinder ports the proof pressure shall not be less than’the max
sure under conditions of hydraulic shock considering, but not nécessarily limited
hpid valve closing, overhauling and suddenly applied loads, and relief valve respo
return ports the proof pressure shall be at least 135% pf\the maximum retu
idering maximum flow rates and minimum fluid temperatures. If a stop valve is ing
the requirements for pressure and cylinder ports shall.also apply upstream of th
proof pressure must be at least equal to that developed with full flow through
pcting the return line.

Linbalanced cylinders and other components which can be subjected to pressure n
f pressure for ports subjected to the multiplication shall be not less that the
sure times the multiplication factor based.on area ratios.

submersible vehicles, all componentswhich may be subjected to submergence
ect to an external proof pressure of-atleast 135% of the pressure at the maximum
he vehicle. Components always-tompensated to sea pressure may have th
sure applied during the external-proof test.

sure requirements similar*to those defined above are specified in MIL-STD-214
components along withhburst and fatigue pressure requirements. For systems
system requirements,” proof and burst pressures are identified in MIL-H-54
hts are similar, thefe are differences. In order to permit utilization of both aircra
components, eithér standard may be applied to the extent it does not conflict W

GHTNESS TEST—For components, piping, tubing and fittings which are proof
a proof test is not normally required after installation if a tightness test is cond
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Pressure Regulation—Constant pressure systems are recommended for primary controls where fast
response is required to control high speed marine vehicles. Constant pressure systems are best suited for
central hydraulic systems serving multiple actuators. Variable pressure hydraulic systems with open center
directional control valves, servo pump controlled systems, and hydrostatic drive systems are normally limited to

single purpo

se utility applications.
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3.6

3.7

The minimum cracking pressure of relief valves shall be at least 110% of the maximum normal operating
pressure but above any pump ripple pressures. See MS 18282 and MS 18283 for guidance on relief valve
operating characteristics and settings. When adjustable relief valves are used, means should normally be
provided to protect against inadvertent adjustment. This can be done by lockwire or by using in-line valves
which must be disconnected from the line for adjustment. Since back-pressure at the outlet of the relief valve is

usually additive to the setting, care must be exercised in systems where back-pressure may be significant.

Temperature and Other Environmental Considerations—Ambient temperatures must be considered in

selecting system fluid and sizing piping and components.
environmental operating conditions for marine vehicles.

HIR1063 provides guidance on various
When seawater is used for cooling, seawater

temperatures range from - 2 to 29 °C (28 to 85 °F) on the open sea and 35 °C (95 °F) in the Persian Gulf.

If operation
of -40 °C (-

n Arctic regions is required, the hydraulic system should be capable of starting Wi(th a temperature
10 °F). While maximum performance is not required at cold temperatures,the cold temperatures

should not sjgnificantly increase the time for the vehicle to get underway. The equipment shquld be designed
for a nonopgrating temperature of - 54 °C (- 65 °F) to assure that no damage will'occur during shipping and
storage.
Other tempgratures to be considered are:

a. Maximum dew point of compressed air used for pressurization should be as dry|as the ambient

temperature, typically - 29 °C (- 20 °F).

b. Maximum safe fluid temperature where personnel may-touch uninsulated piping (+52 fC (125 °F))

c. Minimum flash point of the system fluid (see 3.8)
Cleanlinesg—Cleanliness is essential for reliable operation of any high performance hydraulic system.
Aerospace pxperience shall be applied rigorouslysy The marine environment itself poses a hazard to

maintenancs
actuators sh
critical comp
chip shearin

a. Chlg
solv
and
rem

b. No
prog
fluid|

of cleanliness by the possibility of.S€awater leakage into the system. Craff
ould be capable of tolerating normal contamination without hard-over failure.

O capability. The following guidelines should be followed in regard to cleanliness:

rinated solvent shall not' be used to clean hydraulic systems or components. Sk
ent contamination betsuspected, the fluid should be tested by the gas chromatog
should not contain.more than 200 ppm total chlorinated solvent. Excessive

bved by techniqués’such as vacuum dehydration.

ree, undisselved water should be permitted in the hydraulic fluid since it may
erties and characteristics and it may result in corrosion. For the commonly us
water«eontamination should be limited to 300 ppm. For most other fluids, the N

contamination to 500 ppm. Total water content may be determined by Karl Fischer
ASMvmmmmm

c. Flui i i i
reliable performance. Cleanliness requirements can be specified based on the cleanliness classes
identified in AS4059 or ISO 4406. Generally, fluid cleanliness should be AS4059, Class 7 or cleaner
for particles above 5 nm in size at delivery and after servicing. This level of cleanliness requires a
carefully planned program of flushing, clean oil supply, component cleanliness, filter maintenance and
periodic monitoring of system cleanliness. If in-service cleanliness deteriorates two or more classes,
serious deficiencies in maintenance or design are most likely present and corrective action is
necessary. The cleanliness class required depends upon the contamination sensitivity of individual

com

ponents; electrohydraulic servovalves often require AS4059 Class 5 cleanliness.

attitude control
For this reason,

onents, such as servovalves, should be of types which are tolerant of contaminatfion and possess

ould chlorinated
raphic technique
Solvents can be

affect the fluid
pd MIL-H-83282
lavy limits water
Reagent Method

for long life and
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Component cleanliness can be controlled by invoking AS4059 cleanliness levels and a method for

sampling from ASTM F 303. Component cleanliness shall be maintained during assembly, test and
installation. System cleanliness shall be maintained throughout system fabrication.

To minimize seawater contamination, hydraulic reservoirs and return lines may be pressurized higher

than the water pressure acting on the system cooler and submerged actuators. See 3.3.1 for further
information.

Reservoirs which are vented to atmosphere can be protected with particulate and moisture control

devices. Such devices are capable of controlling particulates in the air well below the filtration rating of
system filters. Devices are available which are capable of reducing the moisture content of incoming
air by 80%. The pressure losses due to air flow through protective devices should be low enough to
not cause an adverse affect on the system during intake or exhaust.

3.8
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filters.
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3.10.1 PUMPS—AIrcraft hydraulic pumps per MIL-P-19692 of the variable displacement, pressure cq

Hydraulic Huid—Factors governing the selection of hydraulic fluid for marine vehicles
properties of some of the commonly used fluids are described in HIR1149. Fluids shall'b
these factorg with full consideration given to viscosity changes that will occur over theopera
and pressurg ranges of the system. Seawater has not been an acceptable fluid for vehicle hy
Rust inhibitgrs operating on the water coagulation principle are used in some Preservative f

9

om components containing preservative fluid with these inhibitors can result in

iagrams—Hydraulic diagrams and associated tables should be prepared in acc
5 of HRP4382.

s—Component selection can be from those covered by Military Specifications for
nydraulic components, commercially available ydraulic components, and speciall
vare. For Navy ships, components must‘usually comply with MIL-STD-2193
uirements, including testing, for shipbeard hydraulic components. Aerosps
mply with the requirements of MIL-H-8775. Factors limiting applicability of aerosp
e are maximum available size, lack.of corrosion resistance, electrical insulation, 3

ally available components. HIR4544 provides a listing of hydraulic component s
hich may be suitable for use,in marine vehicles. The suitability of a particular con
the designer for his specific application.

sed because of their low energy requirements during periods of low usage. MIL
es of pumps,qualified for Navy shipboard use. In many cases it may be necessg
pump tocsuit the requirements of the system. HIR1514 provides guidance f
a detailed specification for hydraulic system pumping components on marine
allows ene to set forth the pump environmental and performance considerations,
liability requirements, and define the specific evaluation tests to qualify it fi

nd the physical
b selected using
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It is often desirable to be able to reduce the load during start-up of the ship service unit.

This may be

accomplished by bypassing pump output to return or depressurization of the pump compensator. Pumps
should be installed with a positive static head, if possible, to avoid air locks and cavitation. This is particularly
important when using high speed aircraft type pumps. Inlet pressurization may be obtained by means of a
boost pump or by a pressurized reservoir.

Warning plates shall be installed adjacent to and readily visible at each fluid filling opening of each reservoir.
Each plate shall indicate the type of fluid to be used in the reservoir. For example, "USE ONLY MIL-H-83282

FLUID."
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3.10.2

3.10.3

Pumps and motors for deep submersibles shall be constructed of materials that will resist salt water
contamination of the hydraulic fluid. Shaft seals should be designed to withstand vacuum filling of the
component if required. Care must be taken in the selection of pumps and motors to ensure that no
uncompensated volume occurs during any part of the operating cycle.

RESERVOIRS—Reservoirs should be constructed of corrosion resistant materials compatible with the
hydraulic fluid. The use of coatings to obtain corrosion protection is not recommended. The hydraulic
reservoir shall have sufficient capacity to accommodate hydraulic actuator differential volumes, accumulator
volumes, thermal expansion of the fluid plus a leakage reserve adequate for the longest service interval. A
relief valve is required for overpressure protection of the reservoir. The relief valve should be designed to
handle both air and hydraulic fluid.

biston with start-
When

Reservoir pressurization is often necessary and may be obtained by means of a bootstrap
up accumulator or by directly pressurizing the reservoir with a compressed gas,) usually air.

pressurizi
be necess
reservoir
portions o
can cause

Reservoirs
could caug

compensgted compartments. One compartment containing_ diélectric oil should house the

drive the
associated

mechanical shaft seal should be provided which wWill preclude the interchange of flui

compartm

Reservoirg
installatiorn
Means sh
reservoir t
of external

Reservoir

compensated to maintain the hydraulic system pressure above sea pressure at all ti

removable

g with air, care should be taken to provide clean, dry air. If the air sourceycontain
pry to provide a means of removing the moisture to prevent condensation within th
hust be designed to minimize air entrainment in the fluid. Dissolved(@ir ¢an come
the hydraulic system where pressure is reduced below reservoifiair pressure. S
reduced bulk modulus and other problems.

for submersibles: If the electric motor is not compatiblé with the system fluid or|
e fluid contamination, the hydraulic reservoir should-be)designed to have two sé¢

bump while the other compartment should be {illed with system fluid and hous
components. (See HIR1149 for guidance>in selecting dielectric oil and s

eNts.

, except for shallow diving vehicles, should be located outside of the pressure hu
shall be designed for ease_of“¢leaning and maintenance of components cg

nrough test connections of compensator connections to an external purification u
connections should be kept to a minimum.

compensation fer.submersibles: Each compartment of the reservoir sho\

cover plate(s).should be provided in the outer shell of the vehicle to permit rea

compens

compensation to allhportions of the system. Subcircuits of sections of the system that may b
closing of|valvés during normal operation should contain separate pressure compensatir

such asr

or(s) forcinspection and system filling.

iefvalves and check valves.

5 moisture, it will
e reservoir. The
out of solution in
bparated free air

electrical arcing
parate pressure
electric motor to
e the pump and
stem fluid.) A
s between the

Il. The reservoir
ntained therein.

buld be provided for removing ;water from the hydraulic system fluid by recycling fluid from the

hit. The number

Id be pressure
mes. A readily
ly access to the

The compensator(s) shall be arrapged to provide

e isolated by the
g/relief features

FILTERS—ASs a minimum filters shall be installed in the discharge lines of all hydraulic pumps, with the
possible exception of hand pumps. Return line filters are recommended for systems serving more than one
compartment or more than five actuators. Systems employing pumps and motors with case drains shall
employ either case drain filters or return line filters to filter case drain flow. Last chance (secondary) filter/
strainers should be installed when necessary to protect contamination sensitive components.
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For detailed recommendations regarding filter selection, including filter location, use of filter bypass relief
valves, filtration efficiency, dirt capacity, element condition indicators, maintenance practices, and operating
costs see reference 2.6, Wilcox. For military applications filters per MIL-F-8815 or MIL-F-24402 are often
used. In general, filtration efficiency must be sufficient to provide fluid cleanliness compatible with the
contamination sensitivity of components down stream of the filter. Return line filters and suction strainers
with apertures 300 mm square (50 mesh/linear inch) are considered preferable to the use of pump suction
filters. Disposable filter elements are preferred and for military applications it is usually necessary to use
filter elements qualified to a military specification. MIL-F-24702 is a general filter element specification
incorporating standard industry tests which can be used as a guide to develop a specification for any

configuration element to suit a particular application.
All filters shette—be—equipped-with—ar—indicatorerdifferential-pressure—gage—to—reieate—when servicing is
required. |ndicators are not required for strainers and last chance filters. Flexible transparent covers for pop-
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no more fr,
without sig
3.10.4 TEMPERAT
temperatu
which is e
are availal
used on N
Sandwich-
pressure |

For subm
package d
However,
operation
3.10.5 RELIEF AN
system to
and comp
operating
operating

Means sh
compensa
used betw

brs should be considered to protect the mechanism from contamination @nd c
ters are usually more cost effective but weight considerations may ovetrfide th
on deep submersibles. In any event, sufficient dirt capacity should be provided to
equently than once a week. Filters shall be located so that they are téadily access
nificant loss of fluid.

URE CONTROL—Fuel, air, and seawater are possible heat,sihks for control o
fe. Selection criteria include availability, fouling, and eorrosion. Marine air co

ble which resist fouling and corrosion. MIL-C-15730 is applicable to the shell 3
avy ships. Plate-fin and immersion type coolersyare lighter weight but often le
plate types that are easy to clean and have high efficiency should be considered
mited to approximately 1500 kPa (220 psi):and 105 °C (221 °F).

brsible vehicles, supplemental coolingnits are not usually required. Cooling
an usually be accomplished by locating the hydraulic reservoir in direct contact
Supplemental cooling may be required for long periods of operation without vehicl
Df the system is required when not immersed in the water.

D FLOW CONTROL VALVES—REelief valves must be sized to permit the full output
pass through the valve-without developing pressures that would exceed the proof
pnents. Generally;.the minimum reseat pressure should not be less than the
pressure to ensure-that the system can return to normal operating conditions withg
bressure.

bll be provided to control overhauling loads and the pressures they generate.
ted flew control or counter balance valves should be considered. Relief valves
e€n‘an actuator and a blocked center directional control valve to limit the press

prrosion. Large
s consideration,
limit servicing to
ible for servicing

f hydraulic fluid
(tains salt spray

Ktremely corrosive and as a result can rapidly impair-heat transfer. Seawater cogled fluid coolers

ind tube coolers
5S maintainable.
but are generally

of the hydraulic
with sea water.
b movement or if

of the pump or
pressure of lines
nominal system
ut a decrease in

Use of pressure
are sometimes
res that can be

develope
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(cracks), particularly if the relief valve is oversized.

e the relief lifts

3.11 Hydraulic Lines—Hydraulic tubing (either customary U.S. or metric units) is preferred over piping (NPS) but
piping may be used for larger diameters if tubing is not available. In larger sizes, piping may be less costly than
tubing but incur significant weight penalties. For lines up to 1-1/2 in (38 mm) outside diameter, installation per
ARP994 is recommended. Mixture of piping and tubing should be minimized to facilitate logistic support.
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3.11.1

3.11.2

LINE MATERIALS—HYydraulic lines should be designed on the basis of service pressures, durability,
compatibility with the hull material, standardization, and lightweight. Copper ions leached onto aluminum
hull plating can cause severe damage. Aluminum thin walled tubing often is not durable in the shipboard
environment. The preferred materials are stainless steel and titanium. Among the stainless steels, the alloy
21Cr-6Ni-9Mn (AMS 5561) is preferred over AISI 304 on the basis of strength to weight ratio. However, AISI
304 is recommended when shipboard replacement of tubing is required since it is easier to fabricate. Pitting
of 21-6-9 tubing was a severe problem in the tropics on Boeing JETFOILs where the fluid temperature
exceeded 50 °C (120 °F). The problem was solved by applying two coats of epoxy resin base zinc chromate
to the tubing and installing heat shrinkable polyolefin sleeves sealed with polysulfate rubber at all joints.
However, for new designs titanium tubing and titanium alloy fittings should be used since the coating of the
stainless steel tubing is labor intensive for initial installation and maintenance. Among the titanium alloys,
3Al-2.5V (AMS494 AS-4044 49455 e abrcation.

\ AN aal AN

HIR1694 provides guidance on the selection of materials and their corrosion résistapce. For Navy
submarings and surface ships respectively, MIL-STD-438 and MIL-STD-777 identify the materials and
specificatipns for piping, valves, and fittings. For sea water service rated piping to'military specifications, the

piping may
piping use
thickness.
mm (0.064

CONNECTI
maintenan
number o

be used in contact with sea water at the rated service pressure. [Fornon sea w

d in contact with sea water, a corrosion allowance shall be added to the requirg
aterials and 1.65

The corrosion allowance normally added is 1.25 mm (0.05,in) for nonferrous m
in) for ferrous materials.

bNS—Where it is necessary or desirable to remove\hydraulic line sections fr
ce or replacement, such sections should be installéd with mechanically assem
mechanical joints shall be held to a minimum’\by means of manifolds and 1

permanen
stored fitti

ter service rated
d minimum wall

bm the craft for
pled joints. The
nodules, and by

ly swaged, welded, or heat recoverable couplings. Heat recoverable couplings are cryogenically

gs that shrink to form an interference fit whén‘warmed to ambient temperature. T

joints is ggnerally not recommended due to their susceptibility to melting during a fire. Whe
brazing cgn provide reliable joints in small diameter lines. Use ARP994, HIR4544, MIL-ST]
STD-777 &s applicable for guidance in selection"and installation of tubing and fittings.

The use df mechanical joints in sea water should be minimized since the joints often res

contamin
contamin
where any
connected
water whig

ion of the system. A téchnique that can be used to minimize the possibil
ion is to use double seals with a leakoff between the seals. This leakoff can be pi
leakage can be monitored. On submersibles where monitoring is not possible, t
to the compensation’ system. If a seal fails it will be compensating system fluig
h leaks into the system.

he use of brazed
re fire is unlikely,
D-438, and MIL-

ult in sea water
ty of sea water
ped to a location
e leakoff can be
rather than sea

Fitting installation shalhbe in accordance with manufacturer's recommended practice. Fittipgs with national

pipe threa

For subplg

s (NPT)-shall not be used.

tezmounted components, the use of short connector tubes with diametrical seals

are preferred to

face seals:

= " ) 1 At Lo P H 1 bl A4
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14 specification

sheet. If face seals are used, utmost caution is required as to flatness, smoothness, lack of steps, and
inherent stiffness in mating parts to ensure a satisfactory seal. Gaskets molded into metal washers may also
be considered.

Flexible connections should be used for mounting components subject to motion, vibration, or frequent
removal such as pumps, motors, and actuators. Tube coils, flexible hoses, and swivel joints may be used for
this purpose. Coiled tubing in accordance with ARP584 for stainless tubing or ARP4146 for titanium tubing is
preferred. The specifications and standards for many flexible hose types are listed in HIR4544.

Galvanic isolating fittings or hose are required where dissimilar metals are exposed to seawater.

-10-
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3.11.3 PENETRATIONS—Penetration through watertight boundaries require watertight sealed unions
includes the hull, weather decks, and watertight subdivisions. Firewall penetrations should

or fittings. This
have means for

shutting off the flow of combustible hydraulic fluid to the fire zone. Within the zone, fire sleeves should be
provided on hoses or coiled tubing used. Care must be exercised to avoid the introduction of elastic loads on

bulkheads or tubing, as well as to avoid mechanical vibration coupling.

3.12 Hydraulic Noise Control—Airborne noise control is necessary where intelligible speech communication is a
vital factor. Also Occupational Safety and Health Act (OSHA) standards apply for hearing protection. In
military vehicles, structure borne and fluid borne noise must be minimized to prevent detection of the vehicle.
A few noise control techniques are briefly summarized herein. For more complete coverage see HIR1622 and

Skaistis (2.6).

3.12.1 REQUIREMENTS—HIR1622 identifies OSHA, U.S. Navy, U.S. Army, and some commercial
airborne npise limits. Also referenced are Military Standards for performing noise tests of
acceptance criteria.

3.12.2 LINES—Hydraulic lines shall be installed and restrained to avoid resonance with the fur
frequency| Quarter wavelength organ pipe resonance shall be avoided. “The support spa
MIL-H-5440 as a guide, with supports located close to all 90° bends and fittings. Hydray
shall be cyshioned to isolate vibrations. Multiple lines shall be supported by clamp blocks.
by two bolts or two anchor points and cushioned are preferred to clamps with single point sy
vibration greas. Ample clearance should be provided to prevenf\abrasion with structure. C
installed 4o they do not preload the tube. In general, hydfaulic lines should not be
components. However, small components may be suppotted by the lines provided that |
located clpse to the component. Lines between bulkheads should be designed with
accommodate bulkhead deflection during operation.

Fluid velofities should be limited as describedin ARP994 to control noise and reduce
Closed end lines should be avoided to elimjnate possible standing wave generation. Hyd
shall not ekceed the hydrostatic proof test pressure. For quick closing valves the increase in
valve clospire can be determined by Equation 1:

Plc=pcvo

Where:

P\c = pressure inerease due to instant closure
r = masp density-of the fluid

¢ = velogity of\Seund in the fluid

Vv, = velgeity,of the fluid in the line

requirements for
equipment and

damental pump
Ling shall be per
lic line supports
Clamps secured
pport for lines in
amps should be
lised to support
ne supports are
some bends to

velocity surges.
raulic transients
pressure due to

(Eq. 1)
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Using typical values for r and c

Pic » 50 v,
or

Pic » 1150 v,

where v, is the velocity in ft/sec and P\¢ is in psi

where v, is the velocity in m/sec and P¢ is in Kpa

The above analysis applies where the valve closure time (T) is less than the time (T,) for one round trip of the
pressure wave within the line. T.is commonly called the critical closure time. For times greater than T the
pressure increase for valve closure will be less than that for instant closure.

3.12.3 VALVES AND ACTUATORS—ValveS producmg step functlon changes shall be av0|ded for continuous

modulatio
than 20%
inertial loa

3.12.4 NOISE SUF
manned ¢
determine
found to ir

3.12.5 ACCUMULA
emergenc
loads.

3.13 Component

3.13.1 Protective

Components exposed to salt spray or to seawater require careful material selection and g

protection
3.13.2 Hydraulic
example
means in
prevent g3

to avoid galling. Scrapers should be PTFE. Trim may be 316 CRES. Lockwires shall be mo
the actuator may be polished to a smooth finish or may have an epoxy and polyufethane coating.

surface of

3.13.3
applicatior

In a contin

Consideration must(bé ‘given to the fact that the hydraulic actuators may be immersed in s

pf pump capaC|ty shaII have a slow actuatlon con3|stent with system needs. AGtL
ds larger than steady state forces shall have end snubbing.

PRESSION DEVICES—Pump ripple dampers are sometimes needed to reduce
pmpartments. It may be necessary to provide return line accumutators on sof
1l by analysis or test. Control surface actuation frequencies ranging from 1 to
duce line surges (banging).

TORS—Accumulators are used to store hydraulic enefgy. This stored ene

Corrosion Protection

Refer to HIR1694.
ctuators exposed to seawatershould be built of seawater corrosion resistant st

acuum arc remelt 17-4PH_or 15-5PH. Hard chrome plate is not a suitable cor
h seawater environment. Use of corrosion resistant alloys in sliding contact shod

S.

Tiflow rates larger
ators controlling

noise reaching
ne long lines as
B Hz have been

gy provides an

/ source of power and can be used to reduce pumpsize and response requirements for transient

painting is adequate for components:itinternal to the vessel such as puthps and filters.

ossibly cathodic

ninless steel; for
osion protection
Id be avoided to

lling. Screw threads-may have a dry film lubricant. Rod bushings may be alumindim nickel bronze

hel. The exterior

Pawater in some

ueus submerged installation it is possible to protect a piston rod of a utility actuafor by grounding

17-4PH piston rod and cylinder to an aluminum anode with separate grounding straps.

In a dry/wet cycle it is possible to protect a push rod and seal installation from corrosion and wear by a
combination of materials and finishes. One material which has been used is 6Al-4V titanium with plasma
sprayed chromium oxide coating ground and lapped to a mirror finish (0.2 nm or 8 min). The seal holder can
be floated in a rubber (40 durometer nitrile has been used) bushing to accommodate lateral deflections.

-12-
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3.13.4 OQil coolers circulating seawater may be copper nickel. If so, they shall be galvanically isolated from the hull

3.14

3.15

and shall have a sacrificial anode. Titanium may be used without anodes.

Bearings—Actuator bearings exposed to seawater shall not depend on grease lubrication which may be
washed away. For example, self-aligning spherical bearings may have a titanium ball with a ceramic coating to
offer a sliding surface which resists pitting by seawater corrosion. AlSI 440C stainless shall not be used. The
bearing race may be reinforced plastic, with tetrafluoroethylene (TFE) or other dry film lubricant. Fatigue life
shall be the sizing criterion. Clearance should be allowed for swelling of plastic in contact with water.

Electric Indicators—Advanced marine vehicles generally require remote automatic sequencing of
mechanisms and remote infinitely variable positioning of hydrodynamic control surfaces. All of the controls
which are & anical corrosion
damage to W

nnnnnnnn

orking parts.

It is essentjal to keep wiring dry. Means of excluding moisture by simple passive mgans have been
disappointing in the past. In order to be effective, future designs shall be equal to orbetter than the examples
quoted here|n:

cated inside the
cations. Some

a. Utility actuators can and should be controlled by means of remote.controlled valves I¢
magdhinery compartments. Rotary position switches may be~used in protected Ig
posifion-sensing switches however, may have to be in exgosed locations. To avold corrosion, the
switthes should be magnetically actuated and should have no external working parts| Reed switches
or variable induction type proximity sensors may be used. Switches should be sealed to the end of
watertight cables to avoid shorts. Control valves remotely operated by solenoids of electric motors
shodild have manual overrides on manned vehicles:

b. Infinfitely variable positioning actuators require\a position transducer. In protectdd locations any
conyenient linear or rotary transducer may beiwsed. In exposed locations a linear trgnsducer housed
inside the cylinder end cap and within thé“hollowed out piston rod is recommendgd. Servovalves
sholild likewise be housed under a hard,cover or in a cavity in the actuator body exterpal to the hull. A

pregsurized conduit should be used to-connect the electrical actuator cavities to a se}led junction box

inside the hull. The conduit should‘be pressurized with dry compressed air to a prefssure of 50 KPa

(0.5]atmosphere) above ambiént:” Pressurizing air must continuously be replenished to make up for

una
wate
tem
be d

3.16 Solenoids—
solenoids e

oidable air leakage. Care shall be taken that the pressurizing air does not bec
er condensation. Dedieated air dryers are needed for reducing dew point below
perature. Hydraulic.fluid can drip through imperfect seals into electrical cavities
rained periodically:

-Solenoids™fer control valves shall be designed for operation in the system flu
hclosed-by welded or brazed housings capable of preventing external fluid

bme a source of
inimum ambient
nd may have to

d or be dry coil
intrusion. On

3.17

submersible|vehicles, solenoids are usually required to operate satisfactorily when immersed |n sea water and

subjected tq a-pressure equivalent to at least 135% of the ambient pressure at the operatjng depth of the
vehicle. Un it i i f f d which may be

present.

Life Requirements and Service Provisions—The life requirements for hydraulic system components must
be based on the mission and life requirements of the vehicle. For submersible vehicles, maintenance generally
cannot be performed during the mission. Even the maintenance that can be performed between missions may
be severely limited to minor tasks such as lubrication and filter element replacement for submersible vehicles.
In general, components should be designed to have a life at least equivalent to the major overhaul schedule of
the vehicle.

-13-
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3.18

Consideration should be given in the design of hydraulic systems of marine vehicles to system checkout and
servicing with:

a. On-board auxiliary power
b. Shoreside hydraulic service cart (water and particulate removal)
c. On-board electric pump

Hydraulic filters should have indicators activated by differential pressure drop to signal the need for
maintenance. MIL-F-24402 filters are equipped with interchangeable gage indicators, mechanical pop-up
indicators, or mechanical pop-up indicators equipped with electrical switches for remote indication but may be

too large for

many submersible vehicles.

Hydraulic re
in addition tg

Hydraulic pu

Hydraulic a
accomplishg
for connectiq

Sufficient pr
should be dq
is operated.
for ease of

separator to
vehicles with
the reservoi
compensatig

Drains shall
be provided
compensato

There shall
in combinati
with caution

To aid in ser
seal can be

Servoirs located within the vehicle shall normally have local sight gauges and fluid
any remote level indicators installed.

mp pressure status shall be displayed by a remote indicating light.

d during the mission. Accumulators without gas pressure indicating gages should
n of a gage.

bssure test stations and vents shall be provided for system checkout and air remo
signed so that entrapped and entrained air will be bled back to the system reserv
Readily accessible vent(s) should be installed forventing this air. Provision shot

remove air from the fluid during operation:CAir removal is particularly important
pressure compensation (see 3.3.1). If air iS present in the system, the volume o
to achieve compensation is increased;™ With too much air it may not be possi
n. Vacuum dehydration is an effective ' means of reducing the air content of the s

be provided at system low spots-unless an alternative means of draining is availa
for detecting and remoying water from the system. Connections on the
I should be provided to permit the connection of an external purification unit for re

be provisions for isolating damaged branch lines. Shutoff valves in pressure lines
bn with check valves in return lines. Automatic shutoff and volumetric or rate fuse
regarding unwarranted shutdown.

vicing, double seals with leak offs may be used for mechanical joints in seawater
readily/identified (see 3.11.2).

sampling valves

cumulators shall have gas pressure indicating gauges if rechdrging the accumulators can be

have provisions

val. The system
ir as the system
Id also be made

bleeding and, if necessary, vacuum filling during the initial charge of the system or using an air

on submersible
fluid required in
ble to obtain full
prvice fluid.

ble. Means shall
feservoir or the
moval of water.

should be used

5 should be used

50 that the failed

System Sug

poaft—Advanced marine vehicles having high performance hydraulic systems

quire adequate

logistic support. Servicing equipment should be provided to remove moisture and solvents as well as solid
particle contaminants from the hydraulic fluid. Equipment may range from drain and refill to purifiers including
a vacuum/spray dryer, depending on economic reasons. Operation from remote facilities requires operations
and maintenance information, spare parts, clean test benches, and standard mechanics tools as well as
special tools. Use of special tools should be held to a minimum. Information shall include labels, placards,
technical manuals, detailed procedures, and directives.
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