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1.1

21

SCOPE:

This SAE Aerospace Information Report (AIR) provides the hydraulic system designer with
the various design options and techniques currently available to enhance the survivability of
hydraulic systems. A comprehensive knowledge of the hostile environment to which the air
vehicle will be exposed will form the basis upon which the overall design philosophy is
formulated. The designer should strive to achieve at the absolute minimum a system which
provides the actuation and control capability to meet the minimum acceptable flying quality
level to complete the operational mission for which the aircraft is designed; i.e., the aircraft

can be cor

trotted—and the missiom terminated safety, including tanding ]
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Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

ARP584
ARP993
AlIR1245
ARP1280
AIR1362
ARP4146

Coiled Tubing, Corrosion Resistant Steel, Hydraulic Application
Fluidic Technology
Power Sources for Fluidic Control Systems

Application Guide for Fixed Displacement Aircraft Power Transfer Units

Physical Properties of Hydraulic Fluids
Coiled Tubing - Titanium Alloy, Hydraulic Application
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2.2 U.S. Government Publications:

Available from DODSSP, Subscription Services Desk, Building 4D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094.

MIL-H-5606 Hydraulic Fluid, Aircraft, Petroleum Base, Missile and Ordnance
MIL-A-5498 Accumulator, Hydraulic, Cylindrical, 3,000 psi Type Il

MIL-H-52119 Hydraulic Fluid,Nonflammable, Chlorotrifluorethylene Base
MIL-H-83282 Hydraulic Fluid, Fire Resistant, Synthetic Hydrocarbon Base, Aircraft

MIL-H-87 257 Hydrautic Fiuid, Fire Resistanttow—Temperature,—Synthetic 1

3. TECHNICA

3.1 Outline:

Based, Aircraft’and Missile

L REQUIREMENTS:

The appr

a transpoft versus a rotary wing aircraft, but each must.consider the primary
failure of the aircraft hydraulic and flight control systemrdue to externally cad
Although the main thrust of this document is to design a system to survive u

condition
system rg

3.2 Design C
3.2.1  Design
have a
require

supply
mode f

the los$ of the aircraft:” Devices which potentially bridge two or more syst

switchir
mind.

3.2.2 Redun(

jydrocarbon

ach and requirements taken by the designer may be different for a fighter versus

, many of the approaches offered herein can also be used to incre
liability in general.

bnsideration:

Concepts: The survivability’ requirements imposed by the aircraft
major impact on the development of the basic system arrangemen
ments impact power'source selection, system architecture, subcirc

pilures affecting.fwo or more systems are extremely dangerous an(

g valves-or multistage actuators, must be designed and installed

modes of
sed damage.
inder combat
ase the

specification,
t. The
Lit isolation,

system routing, and'fluid selection. The designer must consider that common-

i may result in
bms, such as
vith this in

reliabili

ired system

lancy: System redundancy has long been used to achieve the re
ﬁmgh-ma-dfeﬁammmiaﬂy-reqvhermeased—bveh—oH:rundancy. A

failure resulting from a ballistic hit can be treated as a regular failure mode and its effect

on the overall system reliability can be evaluated. Adding redundancy thus increases
mission reliability and the level of survivability. Usually dual or triple redundancy
suffices. Higher levels of redundancy eventually lead to diminishing returns and are
usually not practical from a weight, space, and cost consideration. Furthermore, the
degree of redundancy also depends on the number of flight essential services to be
powered, the physical separation of the control elements, availability of any backup
control power, and the availability of alternate control means that may be used to supply
the same control capability. The major consideration in using redundancy for
survivability reasons is to insure sufficient separation of the redundant components
and/or subsystems in order to avoid multiple damage to several components from a
single hit, resulting in component or total system failure. Furthermore, when using



https://saenorm.com/api/?name=ad2c97176b0c57e92d23715abaf27f67

SAE AIR1083 Revision B

3.2.2

3.2.3

3.24

(Continued):

redundant components, means must be provided to assure integrity of all portions of the
redundancy including dual load path actuator rods and control valves. |If this is not
done, redundancy becomes illusory.

The use of satellite hydraulic systems (as in integrated actuator packages (IAPs) or
electrohydraulic actuators EHAs) can be a means of enhancing survivability where
power and space requ1rements perrnlt such lnstallatlon The remote mdependent

power sources, where an IAP or EHA can substantially reduce the vulnerable area of a
system| The designer must be aware of the impact of the IAPs and-EHA$ on the
electrical system. The overall survivability must be evaluated considering|the impact of
the I1ARs and EHAs on the total aircraft system.

Subsystem Arrangement: Survivability can be enhanced by the judicious [arrangements
of subsystems in relation to the supply sources. For.example, if both spegd brakes and
flaps ate hydraulically powered, an attempt should be made to power them from
separate supply sources to assure availability ofat least one drag device |n the event of
a system loss. The same might be applied toc<normal and emergency operation of
critical [subsystems. Consideration should be given to the secondary effe¢ts of damage
such as linkage or mechanism jams or disconnects, hydraulic fluid loss, and open and
shorted wiring. Degradation of aircraft-performance may result from a loss of a
subsystem. To minimize, or eliminate-the effect of a subsystem failure or overall aircraft
performance, the designer should‘address this issue when defining the overall system
architegture. Fly-by-wire (FBW).and fly-by-light systems offer the designer increased
flexibility to vary the controllaws following a system failure allowing the designer to
reconfigure the system in-such a manner as to negate the effect of the fallure on the air
vehicle| controllability.

Vulnerable Area Minimization: A basic method of increasing survivability s to minimize
the vulherablearea of the hydraulic system. Since a smaller target is harder to hit, it,
therefore, has a better chance at survival. Decision on how to accomplish area
minimization™ should be made during the initial stages of the system develppment. The
prima

a. Simplification, to reduce the number of required components

b. Increased operating pressure, to minimize line and component size (pressure levels
of 8000 psi (55 000 kPa) are achievable with current state of the art)

c. Packaging of components to keep the total presented area to a minimum. (modular
packages offer a good solution to reduce the vulnerable area)

d. Component miniaturization
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3.2.5

3.3 Spatial S¢paration and Isolation:

3.3.1

Manual Reversion Flight Controls: A means of increasing flight control redundancy is to
revert to manual control in the event of total hydraulic power loss. This approach is
usually limited to slower fixed wing or smaller rotary wing aircraft. Generally some type
of retained cylinder damping is needed to maintain full stability of the control surface
with loss of all hydraulic power. In the case of FBW controls with direct mechanical
reversion to provide redundancy against FBW failures, care must be taken to trim
gradually to the pedal/stick position during such a reversion to avoid a damaging sudden
step input. This would be particularly important if the aircraft were being flown
automatically (for example in a high speed, low level terrain-following mode). In this
mode th anu ntrol may not be in an = = ilot will have
little or po time to correct any pitch down. In addition, care needs alsoto-be exercised in
routing jof manual reversion controls to assure that damage cannot result from the event
which caused the initial failure.

Serious consideration should be given to the needs for spatial separation angd isolation of
redundan{ circuits and/or flight critical subsystems.

Separation of Redundant Circuits: To obtain thetmaximum benefits of redundant circuits
or subsystems, it is important that they be sufficiently separated to prevent loss of all
circuits [or subsystems from a single hit. The separation must be analyzed for the
maximum threat specified. ldeally, this separation should be in all planes |of impact.

One common rule of thumb for separation is 18 in (460 mm). However cgution must be

Where ibie, roul ical and routed
on opposite sides of the fuselage, and on the front and rear spar of the wings and
empennage (see Figure 3). Maximum separation should be maintained as close to the
using function as practical, additional protection can be provided by judicious use of
structural shielding and/or armor protection. This is discussed further in the following
section.
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l.<— 18" SEPARATION —»{

FIGURE 2 - The Hazard of Using Constant Separation Distances
Between Tube Runs
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3.3.2

3.3.3

Yl

FIGURE 3 - A-10 Sketch (Example) Showing
Physical Separation of Hydraulic Circuits

Structyral Shielding: Hydraulic-lines should be routed as close as possible to the

heaviept structure of the air.vehicle. Landing gear supports and wing ang
(gearbpxes) and their support frames are but a few examples. On multie
engine| driven pumps should be located so that they are shielded by the ¢

transmissions
hgined aircraft,
ngine and the

airframe. Accessory.gearboxes should be designed to provide shielding t':ﬂight critical

components. Neonflight-essential hydraulic components may be used to s
areas. | Figure 4-illustrates how the judicious location of system tubing ca

ield essential
h be used to

provid¢ shiélding, both from the primary (ballistic) threat, and also from the spallation

fragmgnts. from the aircraft skin and fracture.

Isolation Valving: Isolation valves can be used to isolate nonflight-critical

systems from

flight-essential systems. The valves should be fail safe to the "closed" position in case
of electrical power or mechanical failure. Manual override may be required at mission
end for an emergency operation of nonflight-critical systems such as landing gear.
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3.4

3.4.1

Leakage Protection:

A cause of hydraulic system loss is the depletion of the system fluid due to damage to a
line or component, the probability of which is greatly enhanced during operation in a
hostile environment. Ballistic damage to a hydraulic system almost always results in
depletion of the system fluid. Furthermore, there always is the threat of ignition of this
fluid, as a direct result of the projectile effect. Fire can also ensue from secondary
damage to the electrical system with shorts or sparks or due to contact with a hot surface
or open flame. Th|s can Iead to the Ioss of the complete aircraft. Accordmgly, serious
consideratt , S all flight-critical
systems gnd components When using any of the various leakage protection devices
described| herein, the designer should consider where in the system toocateé such a
device anfd how much of the hydraulic fluid will be released before the prote¢tion device
actuates to shut off the flow.

Line Check Valves:

3.4.11 Retufn-Line Check Valves: Check Valves, located. at or near the return| ports of

compgonents and/or return branches of the supply. system, can delay fluid loss in the
event of return-line damage. The degree of delay depends upon which|subsystem
return line is damaged, where it is damaged, how frequently the related| subsystem
bran¢h operates, and upon the internal leakage of the damaged subsystem
components.

3.4.1.2 Pressure-Line Check Valves: Pressure-line check valves may be considered in

3.4.2

certajn cases where loss of system power allows external flight loads tq back drive the
contrpl actuator, leading to aircraft instability. The addition of a restrictor check vaive
at the actuator inlet can_eliminate or minimize these effects.

Reservpir Level Sensing) This method monitors the reservoir fluid level tg determine the
existenge of system:.leakage and subsequently "shut off" the damaged cir¢uit. This
isolation techniquelretains the use of one or more subsystems in the event of fluid loss.
One or|more distinct fluid level points are used to actuate shutoff devices |controlling flow
to brangh cifeuits. The shutoff logic reactivates an isolated branch in the gvent the fluid
level cgntinues to drop to the next signal pomt The number of branches employed is
depend
principle is generally hmlted to two or three branch arrangements due to weight and
complexity considerations. The basic principle is illustrated in Figure 5, which depicts a
two-branch system design. In this illustration, the reservoir piston shaft would contain
two cams that mechanically actuate sensing valves for control of pressure operated
shutoff valves. This shutoff sequence can also be controlied electrically using switches
and solenoid valves. In the event the shutoff of branch No. 1 does not eliminate the
leakage source, the No. 2 branch cam will shut off the second branch and at the same
time reopen the No. 1 branch. Like redundant subsystems, the survivability
improvements provided by this technique are dependent on the amount of branch
separation and subsystem arrangement. Consideration must be given to the additional
circuitry required and its impact on the overall system reliability. Also, it is important to

-11 -
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3.4.2

343

3.4.3.1

Pilot V
no. 1

Shutoff
Valve

l

Position Switch

Pressure

Switch
Circuit

—_——
no. 1

~——Dressure

hlve —e

(Contin

considé

Led):

FIGURE 5 - Reservoir Level Sensing

Circuit
™ no. 2

'

Shutoff
Valve

e— Pilot Valve
no. 2

l=— HYDRAULIC RESERVOIR FLUID
INDICATOR SHAFT

i }_._ Prdssure
Sw

itch
Position Switlch

LEVEL

r shielding or armor ‘protection for the more critical common fluid supply items

upstream of the sensing/device. Reservoir level indication or branch circujt pressure

loss sh
correcti

Fuses:
never b

ve actions:

puld be annunciated to the flight crew to allow the crew to take possible

Fuses-of the types described are for use in noncritical systems and should
e‘used in flight essential systems.

Volumetric Fuses: Volume measuring fuses may be applied to certain unidirectional
circuits to provide leakage (fluid loss) protection. As the name implies, this type of
device measures a predetermined volume of fluid. Once this volume is exceeded, the
fuse actuates to isolate the subsystem branch or component. For example, circuits to
utility actuators, landing gear, or door actuators might be protected by a fuse of this
type. The potential internal leakage of the circuit must be considered in the use of
such a device since the rated volume of the fuse is determined with a minimum flow
Internal flow rates above this minimum can result in inadvertent shutoff. Careful
consideration must be given to the possible inadvertent fuse shutoff on the overall
aircraft safety.

limit.

-12 -
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3.43.2

344

3.44.1

3.442

Rate Fuses: Unlike the volumetric fuse, the rate fuse is flow rate sensitive. ltis a
simple device and is best suited to protect system branches which carry a known flow
rate. The rate fuse is relatively insensitive to system operating temperatures except at

the extreme low limits. Threshold levels should be carefully set to avoid nuisance
shutoff due to flow surges, air or cold start up conditions. Levels of 1.3 to 1.5 times
maximum subsystem flow are reasonable values for the threshold settings. Once
triggered, these devices remain shut off until the supply pressure is removed. The
major drawback of the rate fuse is that it detects only leaks which are in excess of the
threshold and which may be large enough to cause rapid system depletion. Leakage

flows

FIow-Dierrential-Sensing Shutoff Valves: A flow-difference-sensing (device

basic p
the flow]
made i
actuatof
supply
unbala
in a sys|
up time
triggerin
detectio)
thresho

Hydrg

pressiure drop across an orifiee placed into each leg and use the pressu

triggg

dropg, exceeds the predetermined value. Devices have been built whic

drop
a val
rang§
thres

Elect
shutg

nd return flow and isolates the circuit or component when the flow|
r{ced beyond a preset level. To accommodate:all the physical events which occur

pelow the thresnold are not detected by this device.

inciple of "what goes in must come out" i.e., flow into a component

establishing the detection threshold to account for the, effects of u
s, cold temperature operation, and air. In operation; this device co

em, such as cold start-up, maintenance induced air, flow transient
delays, and threshold limits must be set.high enough to eliminate

g" or "false" shutoff. Thus each shutoff-valve design has a minim

n threshold. Hydromechanical devi¢es exhibit higher minimum lea
ds than electrohydraulic devices:

mechanical Shutoff Valves:\-:A common method has been to mea
r a shutoff mechanism if-the difference between the two flows, or g
across the metering orifice directly applied across a balance beam
je spool. Hydromechanical devices generally operate over limited

s, are unable to operate with aeration, and exhibit relatively high le
nolds.

works on the
must equal

out of the component. See Figure 6 for a typical circuitAdjustments must be

nequal area
mpares the
is

, etc., start-

false

m leak
detection

ure the

e energy to
ressure

n utilize the

or the ends of
temperature
takage

ffovalves uses flow meters to generate electrical signals proportional to the flows.

rohydrauilic Shutoff Vaives: A second approach to flow-differential-gensing
ign re co ronically to provi iSl tuating the

These

shutoff valve. When the "in" and the "out" flows are equal, the sensing elements are
in equilibrium, the device is open, and fluid is allowed to flow to the subsystem or
component. When a specified difference exists between the "in" and the "out" flows,
the equilibrium is upset and "shutoff" occurs. Microprocessor based designs, "smart
valves", offer significantly enhanced performance, because their algorithms allow such
options as averaging and totalizing leakage. Electrohydraulic flow sensing shutoff
valves can accommodate aeration, large operating temperature ranges, and large
system transients. Current designs can limit total system fluid loss to 23 in® (380 cm,)
and have thresholds equal to or lower than 3% of the nominal system flow. Some of
these devices are patented or proprietary.

-13 -
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3443

FIGURE 6 - Flow-Difference-Sensing Valve Circuit

Alternatives: Far-systems which have a reservoir capacity insufficient t

threghold leakage rate, the alternative is reservoir level-sensing (RLS).

3.5 Backup Systems:

b handle the

Backup systems have been used successfully to enhance the reliability/
survivability of hydraulic systems. Where the backup power is required for anything but a
momentary use, it can be supplied by electric motor pumps (EMPs) or ram air turbines
(RATSs) driven pumps. EMPs may be either AC or DC powered. Backup power can aiso
be derived from other aircraft systems via transfer (switching) valves or power transfer
units (PTUs). Where backup power is required for only short durations, energy storage
devices like accumulators or gas generators can be utilized to provide the momentary

power.

-14 -
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3.51

3.5.2

3.6

Transfer (Switching) Valves: A transfer valve, and the PTU, covered separately, are
devices which provide backup power capability for the primary system in case of a
primary power supply system failure. The transfer valve concept will cause fluid
interchange between the two systems since it ports two supply systems into a single
subsystem. This must be taken into account during the system design formulation.
Large quantities of fluid can be interchanged, for example in a system where an
accumulator is charged by one system and then could be discharged into another
system. PTUs on the other hand, transfer power purely mechanically with no fluid
interchange.

The trapsfer valve is a device, which accepts inputs from either of twocor ;ihore supply
systems, and connects one of these systems to the component or subsystem in
accordance with the valve, or system, design logic. The transfer valve is ysually biased
to give priority to one of the supply systems. The transfer valve can be cdmbined with a
system|integrity check unit. This type of device, an intelligent-valve, tests [the integrity of
the subsystem or components by connecting the pressure<and return lineg of the
downstfeam branch upon loss of primary pressure, while\at the same time| inhibiting
transfen to the backup system. A small integral accumulator is used to pressurize the
downstfeam branch. If no leak exists, the sensing-pressure will not decay, and transfer
to the Hackup system will occur. A built-in timing’device limits the duration of the system
integrity check prior to transfer. Attention must.be given during the design phase to
minimizZe interstage fluid leakage. The design must avoid the loss of both|primary and
backup|power systems due to a single failure in the valve or the downstream

subsysfem. The valve must be stable(under all conditions including supply and return
pressure variations, system start-upland run-down and climatic extremes. | Systems
utilizing| large differential area actuators are not well suited to use transfer |valves unless
precautions can be taken to minimize fluid transfer. If the fluid transfer problem cannot
be solved, a PTU should be'used.

Power [Transfer Units (PTU): PTUs are used when fluid transfer is prohibited or
unavoidable, or where' additional transient power requirements dictate the|use of such a
device.| Consult-rARP1280 for additional information. The PTU consists of|a hydraulic
motor goupled-vid suitable shafting to a hydraulic pump. Uni or bidirectional units are
available. THeir purpose is identical to the transfer valve, i.e., using the ppwer of one
system|to-provide power to another, except that the transfer is purely mechanical.
Sufficientntetti ' i i ices to prevent
power loss in the primary due to damage in the secondary system branch. Care needs
to be exercised in using a PTU that the differential pressure to accomplish start-up for a
PTU must be acceptable for the most critical start-up condition. Figure 7 illustrates a
typical PTU.

Control Jam Protection:

To enhance the aircraft for flight safety reasons it is necessary to provide for aircraft flight
control capability following a jammed actuator or control element. This is imperative for
operation of the aircraft in a hostile environment.
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FIGURE 7 - Power Transfer Unit (PTU)

Mechanical:Jam: Compensation for this problem will vary considerably depending on
whethel the control input is totally FBW or purely mechanical. For FBW control,
compensation can be included in the electronic circuitry and software, with the level of
electronic redundancy primarily dependent on system architecture, management, and
reconfiguration capability. The jam area in this case would be limited to power
actuators, surface pivots, and linkages. For a mechanical system, the vulnerable area
now includes all of the linkages between the pilot controls and the control element. The
protection is complicated by the requirement to disconnect the stick or pedals from the
input linkage system. This also applies to FBW systems with mechanical backup. This
approach further requires that a detection system be incorporated to provide the pilot
with the necessary intelligence to determine what actuator or linkage run is jammed.
The signal actuation loads should be above those that might be generated by rapid
control motions, but not so high as to require extreme pilot effort. The failure warning
indication should incorporate a minimum holding cycle to insure ease of pilot evaluation
without retaining the high input loads. To provide the maximum protection, the
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(Continued):

disconnect devices should be placed as close to the stick or pedal as practical. The
disconnect can be designed as a single cycle unit (once disconnected can only be reset
after flight) or with a disconnect/connect capability. The latter provides for in-flight
familiarization and training and compensation for actuation errors. Consideration should
be given to the routing of the mechanical control system to prevent jamming or
restriction due to deformation of adjacent structure resulting from ballistic impact.

Hydraulj . t in partial or
complefe fluid blockage. A partial blockage will restrict the actuator rate t¢ the extent of
the amgunt of return flow restriction until all the fluid is expelled from the lpw pressure
side of the actuator. A complete blockage may result in a complete.actuator jam. This
condition can be eliminated by the installation of bypass (runaround) check valves at or
within the actuator. The check valve is installed between the-supply presgure and return
ports and will permit runaround flow from return into pressure in the event|of a blocked
return line. This method will only work if the control valve/is still functioning, which
cannot piways be presumed to be the case. A better. solution to prevent gctuator fluid
blockage is to install a bypass valve across the actuator ports. This valve|interconnects
the two| cylinder chambers whenever system pressure is below a predetermined value.
The intg¢rconnection of the cylinder ports can aiso be connected to retumn. | If the valve
spool ig of a balanced design, i.e., the spogl-areas exposed to system and return
pressures are equal and the valve is spring-biased to the bypass position,|then a
blocked return line will automatically place the valve into bypass and inter¢onnect the
cylindert chambers. With either apptoach, check, or bypass valves, meansg must be
incorpofated to dispose of the extra volume in the unequal area actuators| Equal-area
actuators do not require a return‘connection, but usually are longer, heavier, and require
additiorjal seals.

Fire Protection:

Considerdtion should.be given to minimizing the impact of fire and/or heat o

h the hydraulic

system. All hydrocarbon based hydraulic fluid, even fire resistant fluids, will burn under
sufficiently enérgetic conditions.
Locatio uld consider

the effects of fire and the associated heat of other aircraft systems. Fuel, hydraulic fluid,
and electrical short circuits are sources.

Components should not be located in fire zones whenever possible. When this cannot
be avoided, suitable shutoff valves should be installed at the fire zone barrier. Only .
components made from heat resistant materials should be used in fire zones or any
other area suspected to generate high temperatures. These components should be
qualified as a minimum to survive a 15 min exposure to 2000 °F (1100 °C). Another
consideration is to install temperature sensitive shutoff valves to shut off any fluid line

subject

ed to very high temperatures.
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Tubing Material Selection: Although aluminum tubing is the lightest aircraft tubing
commonly used, it is also the weakest and more prone to failure. Excellent high-
strength stainless steel and titanium tubing isavailable which is far superior to aluminum
tubing with respect to strength, ability to withstand abuse, and battle damage with a
minimal weight penalty.

It is common practice not to use aluminum tubing in areas which are exposed to FOD
(foreign object damage) or to high temperatures. Ballistic consideration must address
the possibility of a fire caused by balhstlc damage; therefore, the use of aluminum tubing
should peavoided due to the poor fire ance of the aluminum attoysas compared to
steel of titanium.

Fitting material selection should parallel the tubing material selection for survivability
considgration; therefore, aluminum fittings are unsuited for these,areas. Permanent type
of tube [joints should be utilized to the greatest extent possible: Titanium gwage-type
fittings have successfully passed the 2000 °F (1100 °C), flammability test|and have
been fylly qualified for use on both stainless steel and titanium tubing. In|addition, the
effects pf thermal cycling of components during battle damage should be ponsidered.
Fittings| made from materials having different coefficients of expansion may experience
leakage even after the heat source is eliminated{’although this is mostly %ited to
separable type fittings. Fittings, which employelastomers as the sealing ¢lement,
should pe avoided. Metal-to-metal seals should be considered instead or fittings which
could be subjected to high temperature..\In areas of relative motion between
components, or components and structure, coiled tubing designed to ARP584 for steel
tubing or per AS4146 for titanium tubing should be considered. The use ¢f hoses
should pe minimized, but when-used should at least be protected with firel shielding.

Fluid Selection: Careful consideration should be given to the fluid selection. The most
widely used fluid is MIL-H-83282, a synthetic fire resistant fluid. Another lesser used
fluid, MIL-H-5606 is highly flammable, but can be used in extreme cold in|aircraft with
low temperature aleért:requirements. Yet another fluid, MIL-H-87257, a low temperature
operatipnal fire resistant fluid, is under evaluation for use in aircraft currently using
MIL-H-$606. -Phosphate ester-type fluids offer a higher degree of fire resistance. A new
MIL-H-$3119fluid, chlorotrifluoroethylene-based, is nonflammable. Both phosphate
esters ; nd MIL- H-531 19 are not compatlble with hardware and elastomers designed to
Operat VHE=H=83282or WHH=H=-5606fluid— B0 phosphate—este and

MIL- H-53119, however, have been demonstrated to operate successfully with specially
designed hydraulic systems with the appropriate hardware and seals. AIR1362 should
be consulted to obtain specific fluid properties.

Elastomeric Material: In areas where components may be subjected to high
temperatures, consideration should be given to the selection of the elastomeric materials
used. Several high temperature compounds are available or are under development.
The designer must evaluate the suitability of each of these compounds for the particular
application regarding fluid compatibility, the operational temperature envelope, and wear
resistance. In lieu of elastomeric seals, the designer may need to evaluate metallic
seals for use in areas subjected to temperatures in excess of the elastomer capability.
Several designs for rod, piston, and boss seals have been developed and used.
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