
MIL-H-25475B
29 April 1971

SUPERSEDING
MIL-H-25475A
19 January 1961

MILITARY SPECIFICATION

HYDRAULIC SYSTEMS, MISSILE, DESIGN, INSTALLATION
AND TESTS, GENERAL REQUIREMENTSFOR

This specificationis mandatory for use by all Departments
and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specificationcovers the design, installation,and testing
of missile hydraulic systems.

1.2 Classification. Missile hydraulic systems shall be of the following types
and class, as specified:

Type I
Type II
Type III
Type IV
Class

2. APPLICABLE

- -65° to +160°F temperaturerange
. -65° to +275°F temperaturerange

-65” to -1-450°Ftemperaturerange
. Temperature ranges extending above +450”F

3,000 pounds per square inch (psi),where the cutout
pressure at the main pressure controllingdevice is
3,000 psi

DOCUMENTS

~:2.1 The followingdocuments, of the issue in effect on date of invitation for
bids or request for proposal, form a part of this specificationto the extent
specifiedherein.

SPECIFICATIONS

Federal

WW-T-700/4

Military

MIL-B-5087

MIL-A-5498
MIL-F-5509
MIL-P-551O
MIL-J-5513

Tube, Aluminum Alloy, Drawn, Seamless, 5052

Bonding, Electrical, and Lightning Protection, for Aerospace
Systems
Accumulators,Aircraft HydropneumaticPressure
Fittings, Flared Tube, Fluid Connection
Packing, Preformed, Straight Thread Tube Fitting Boss
Joints, Hydraulic Swivel
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MIL-G-5514

MIL-P-5516

MIL-V-5523
MIL-H-5606

MIL-H-6083
MIL-T-6845

MIL-T-7081

MIL-M-7997
MIL-W”8160

MIL-G-8348

MIL-T-8504

MIL-V-8813
MIL-F-18280
MIL-C-25427
MIL-H-25579

MIL-P-25732
MIL-H-38360

STANDARDS

Military

MIL-STD-1OO
MIL-STD”130
MIL-STD-21O
MIL-STD-1247

MS21919
MS24333

MS24334

MS33566

MS33583
MS33584

Gland Design; Packings, Hydraulic,General
Requirements for
Packing, Preformed,PetroleumHydraulic Fluid Resistant,
160”F
Valve; Relief, Hydraulic Pressure
Hydraulic Fluid, PetroleumBase: AircraftjMissile, and
Ordnance
Hydraulic Fluid, PetroleumBase, for Preservationand Testing
Tubing, Steel, Corrosion-Resistant(304),Aerospace Vehicle
Hydraulic System 1/8 Hard Condition
Tube, Aluminum Alloy, Seamless,Round, Drawn, 6061, Aircraft
Hydraulic Quality
Motors, AircraftHydraulic, Constant Displacement
Wiring, Guided Missile, Installationof, General Specification

for
Gage Assemblies,Air Pressure,Dial IndicatingChuclcType, Self-
Contained
Tubing, Steel, Corrosion-Resistant(304),AerospaceVehicle
Hydraulic Systems,Annealed, Seamless and Welded
Valves: Aircraft, Hydraulic Pressure Relief, Type II Systems
Fittings, Flareless Tube, Fluid Connection
Coupling Assembly, Hydraulic, Self-Sealing,Quick Disconnect
Hose Assembly, Tetrafluoroethylene,High Temperature,Medium
Pressure
Packing, Preformed,PetroleumHydraulic Fluid Resistant,275°F
Hose Assembly, Tetrafluoroethylene,High Temperature,High
Pressure,Hydraulic and Pneumatic

EngineeringDrawing Practices
IdentificationMarking of US Military Property
Climatic Extremes for Military Equipment
Markings, Functions and Hazard Designationsof Hose, Pipe,
and Tube Lines for Aircraft,Missile, and Space Systems
Clamp, Cushioned, Support,Loop-Type,Aircraft
Coupling Assembly,Hydraulic, Self-Sealing,Quick Disconnect,
Flared Fitting to InternalThread Boss
Coupling Assembly,Hydraulic, Self-Sealing,FlarelessFitting
to InternalThread Boss
Fittings, Installationof Flareless Tube, Straight-Threaded
Connectors
Tubing End - Double Flare, StandardDimensions for
Tubing End - StandardDimensions for Flared

-
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MS33611
MS33620
MS33656

MS33657
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Tube Bend Radii
Chart, Hose Selection
Fitting End, StandardDimensions for Flared Tube Connection
and Gasket Seal
Fitting End, StandardDimensions for Bulkhead Flared Tube
Connection

Air Force-NavyAeronautical

AN929 Cap Assembly, Pressure Seal Flared Tube Fitting
AND1OO64 Fittings - Installationof Flared Tube, Straight Threaded

Connectors

(Copiesof specifications,standards,drawings, and publicationsrequired by

suppliersin connectionwith specific procurement functionsshould be obtained
from the procuring activity or as directed by the contracting officer.)

* 2.2 Other publications~ The followingdocument forms a part of this speci-
ficationto the extent specifiedherein. Unless otherwise indicated, the
issue in effect on date of invitation for bids or request for proposal shall
apply.

Society of Automotive Engineers, Inc.

Aerospace RecommendedPractice

ARP 584 Coiled Tubing

(Applicationfor copies should be addressed to the Society of Automotive

Engineers,Inc., Two Pennsylvania Plaza, New York, New York 10001.)

(Technicalsociety and technical associationspecificationsand standards are
generally available for reference from libraries. They are also distributed
among technical groups and using Federal agencies.)

3. REQUIREMENTS

3*1 Selection of specificationsand standards. Specificationsand standards
for necessary commoditiesand servicesnot specifiedherein shall be selected
in accordancewith proceduresestablishedby the procuring activity.

3.2 Materials. Materials used i.nthe manufactureof hydraulic systems in
military missiles shall be of high quality, suitable for the purpose, and shall
conform to applicableGovernment specificationsand standards. Materials con-

forming to the contractor’sspecificationsmay be used provided it can be
clearly demonstrated that they are at least equivalent to Government specifica-

tions with respect to operatingcharacteristicsand that a savings in weight or
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cost can be accomplished, Contractor’sspecificationsmust be satisfactory
to the Government and contain provisions for adequate tests. The use of con-
tractor’s specificationswill not constitutewaiver of Government inspection.

3.3 Fluids

+:3.3.1 Fluids - types I and 11 systems. If compatiblewith the system require-
ments, only fluids conforming to MIL-H-5606 or MIL-H-6083shall be used in the
types I and 11 hydraulic systems or in test stands used for ground testing of
these hydraulic systems, Alternate fluidsmay be used when approvedby the
procuring activity. All components shall be flushedwith the operationalfluid
prior to installation. If componentsare to be shipped in a filled condition,
they shall be filled with fluids conforming to the system fluid specification.

3.3.2 Fluids - types 111 and IV systems. Only fluids acceptableto the
procuring activity shall be used in types III and IV hydraulic systems or in
test stands used for ground testing of these hydraulic systems.

* 3.3.3 Filtering. All hydraulic fluid shall be filteredthrough a 5-micron
absolute, or finer, filter before installationin military missiles.

* 3.4 Hydraulic system design submittal and approval. Hydraulic system design
data shall be furnished in accordancewith appropriateline items of the Con-
tractor Data RequirementsList (DD Form 1423). As a guide for the type of
informationdesired, refer to 6.3.

3.5 General system design. Hydraulic systems shall be as simple and fool-
proof as possiblewith respect to design, operation,inspection,and maintenance

3.5.1 System temperaturelimitations(based on 100°F outside air temperature
at sea level)

3.5.1.1 Fluid temperature- type I systems. The fluid temperatureshall not
o

exceed 160 F in any portion of the hydraulic systems.

3.5.1.2 Fluid temperature- type 11 systems. The fluid temperatureshall not
exceed 275 F in any portion of the hydraulic systems.

3.501.3 Fluid temperature- type III systems. The fluid temperatureshall
not exceed 450 F in any portion of the hydraulic systems,

3.5.1.4 Fluid temperature- type IV systems. The fluid temperatureshall be
within the range specifiedin the missile detail specification.

4
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3,5.2 Climatic and environmentalconditions

3.5.2.1 Storage temperatures. The hydraulic system shall be capable of safe
storage without impairmentof its capabilities from the effect of temperature
under the following conditions:

(a) Lower limit: -80”F for periods of 3 days duration

(b) Upper limit: +125°F plus the full impact of solar radiation,360 BTU/
sq ft/hr, for periods of 4 hours per day or 160°F with 110solar radiation for
periods of 4 hours per day, whichever is greater.

+’3,5,2.2 Launching and flight temperatures. The hydraulic system shall be
capable of satisfactoryperformanceduring preflight testing> launching,and
flight at any condition to be found with ground air temperaturefrom -65°F with-
out benefit of solar radiation to +125°F plus full impact of solar radiation
(360 BTU/sq ft/hr). If the missile prelaunch environmentis controlled, as in
a silo or launch tube, the controlled prelaunch conditionsshall apply in lieu
of the above for the preflight testing and launchingperiods. The system shall
be designed to operate with the nozzle radiation and hot gas recirculationthat
will occur during flight.

3.5.3 Fire hazards, The hydraulic system shall be integratedwith other
missile systems in such a manner that, prior to launch, no fire can result from
one failure in any system.

3.5.4 Strength

‘“3,5.4.1 Additional loads. During operation of the missile, all hydraulic
systems and components which are subjected to structural or other loads which
are not of hydraulic origin shall withstand such loads, when applied simul-
taneouslywith appropriateproof pressure as specified in table 1, without ex-
ceeding the yield point at the maximum operating t.em.perature.

* 3,5.4.2 Accelerated loads. Actuating cylinders and other components and
their attaching lines and fittingswhich are subject to accelerated loads shall
be designed and tested at the maximum operating temperaturewith a pressure
equal to 100 percent of the maximum pressure that will be developed,regardless
of relief valve setting,~~ithoutexceedin~ the yield point.

3.5,5 Pressure limitations

7*C3.5.5.1 System pressure. Main system operating pressure sb.al1 be 3~000 psit
Other pressures may be used provided they are approved by the procuring acti-
vity. Peak pressure transients lasting longer than 10 millisecondsand result-
ing-from any-phase of the system operation shall not exceed 135 percent of the
supply system operating pressure.

5
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4C TABLE 1. Operating Presauree

.

6

Nominal operatfng p~r~~~t of ~o~J~l
Cbaracterlstlcs pressure (psi) operating preee.uxe Remarks 8tandard system preefiure

clase 3,000 Ifother titan 3,000psI

I
(a)

o)
(c)
(d)

(e)

(f)

Lines and fittinge

Hoee
Units under WM and oil preesure
Units normally under oil pressure

only
Parte of system under atmospheric

pressure or euction
Parte of ayetem eubject to back

preeeure only

(a) Lines, boeee, and fittings

(b) Unite containing gas and oil under
pressure

(c) Unite normally under oil pressure

(d) P~ti% of eyatem subject to back
preesure only

Collepae pressure of parte eubject to
8uction

Proof preaeure (minimum)

6,000

6,000
5,000
4,500

50

150 percent of
actual maximum
preeeure

200

200
166
150

--

--

Buret preseure (minimum)

Hose proof presewre to be in accordance
with applicable detail epeclfication

MIL-A-5498

Except reeervotr and pump seal
chambera

Except hose which abaU be 250 percent
of actual maximum pressure

12,000

7,500

7,500

300 percent of
actual maximum
preeeurc

60 external

400 Hose burst pr’easure to be in accordance
with applicable detail specification

250

250 I
-- Except boee which shall be 600 percent

of actua 1 maximum premwre

I Automatic preseurc regulator - accumulator system (cloeed center)

(n) Regulator cutout pressure 3, Oou --
(b) Upper limit of operating preeeure

System deeign premrure
2,600 --

for all unite (regufator cut-in
System design prewure

preatmro)
(c) Maximum eystem relief valve aei- 3,850 -. MIL-V-8813 or MIL-V -6523 unite

tiog, at maximum eyetem nO~

@en-center-type eyatem (conetant delivery pump)

(a) Syetem design preeeure 3,000 -- Relief valve full-flow setting
(b) Upper limit for fulI-flow operating 2,700 -- Relief valve full-flow setting

pressure
(o) Syetom relief valve eetting, at 3,000 -- MIL-V-5529 or M~-V-8813 unite

maximum ayetem nOw I

Closed- or open-center system (variable volume pump)

(a) hmp unloading pressure 3,000
1

-.
I

Syetem design preaaure
(b) Maximum limit of full-flow eyatem 2,950 -. system design preoeure

preBl?ure
(c) Maximum eystom relief valve aet- 3,850 --

ting, at maximum eyetom flow
MIL-V-6523 or hffL-V-8813 units

Thermal relief valve eettimz (maximum)

(a) Equal to eystem relief vahe m8Xi-
mum Betting plus valuea noted

1’0 -L~

w. baull k“, alp...,”,,,., *.L S., V . ...=..-==. - _.
-.-.— -.—- -.
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3.5.5.2 Back pressure.
tioning Qf any unit shall
the system.

The system shall be so designed that proper func-
not be adversely affected by the back pressure in

f 3.5,6 System pressurization. In type I systems requiring pump inlet pres-
surization,the reservoirsmay be of the gas-oil in contact or the gasless
type. Types 11, 111, and IV systems shall be so designed that air, or any
other gas, does not come into contact with the fluid during the normal func-
tioning of the system or any subsystem, unless it can be demonstratedthat
gas-oil reservoirswill give satisfactory operation.

f 3,5,7 Fluid velocity limitations. Tubing size and maximum fluid velocity
for each system shall be determined using at least the followingcriteria:

(a.) Provide minimum required servo response at peak flow with minimum opera-
ting temperature

(b) Prevent

(c) Prevent
and exceeding

(d) Prevent
and exceeding

(e) Prevent

pressure surges exceeding the limits defined in 3.5.5.1

pump case overpressuresurges lasting longer than 10 milliseconds
135 percent of case operating pressure

reservoir overpressuresurges lasting longer than 10 milliseconds
135 percent of reservoir operating pressure

pump inlet cavitationduring starting and operatingconditions
at minimum operating temperature.

3,5,7.1 Acceleration effects. System and component operation shall not be
adversely affected by the maximum g loading obtainablewith the missile. Con-
siderationshall be given to the effect of g on each component> the mechanisms
within the component with and without pressures the actuated service, the fluid
columns, other large fluid masses, the mass cf the operatingcontrols, and any
other unit or subsystems that could be affected by the g capabilitiesof the
missile.

3.5,8 Ground test provisions

~:3.5.8,1 Ground test connections. A set of self-sealing,quick-disconnect
coupling halves, in accordancewith the applicable specificationsand standards
listed in the appendix to this specification,consistingof bulkhead halves,
and protective caps, if necessary, shall be providedat a location in the missile
that is convenient and readily accessibleduring ground checkout and prelaunch
operation. The set shall consist of connection for pressure and suction line
in either of the followingcombinations: (-4 pressure and -6 suction), (-8 pres-
sure and -12 suction), or (-12 pressure and -16 suction). Disconnectsused as
pump disconnects or elsewhere in the system may be used for this purpose pro-
vided the above conditions are met. A check valve shall be installed between

7
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the pump outlet and the ground test high-pressureconnectionto preventpump
motoring during proof pressure tests and systems operationfrom a ground
source, Reservoir superchargingdisconnectsshall be providedwhere necessary.
The contractor shall furnish evidenceor demonstrateto the procuringactivity
that ground stand or missile pump pressurecannot be coupled to the missile
return or suction circuit.

* 3.5.8.2 Ground test data. The followingdata shall be attached in a permanent
manner on the missile near the ground test connections:

Set Ground Test ReservoirGas PressurizingValve to PSI. ~/
Set Ground Test Stand Relief Valve to PSI. ~1
Set Ground Test Stand Volume Output to GPM. ~/
Set Ground Test Stand PressureCompensator to PSI. ~/
Use Hydraulic Fluid Conforming to Specification ~/
(Any other precautionsor informationconsideredneces~ary)

~/ Missile contractorshall fill in required information.

* 3.5.8.2.1 If the ground test data is too extensive to place on a placard near
the ground test connections,the followinginformationshall be shown in place
of the ground test data:

See Operating Procedures for Ground Test Informationand
Precautions. ~1

~/ Missile contractorshall fill in required information.

3.5.9 Special tools. Hydraulic systems shall be so designed that special
tools will not be required for installationor removal of components,unless
it can be shown that use of special tools is unavoidable. In such cases, the
contractor shall submit to the procuringactivity for approvalVan Dyke copies
of drawings of the tools with substantiatingevidence justifyinguse of the
special tools.

3.5.10 Service-contractorconference. The contractorsshall confer with the
hydraulic engineers of the applicableService cn the proposedhydraulic systems
during the early stages of design, in order to take advantageof exchangeof
informationand to coordinatedevelopmentprograms. The first conferenceshall
take place at the time when the preliminaryschematicdiagram is establishedfor
the missile, Other conferencesshall take place during the appropriatedevelop-
ment phases of the missile.

* 3.6 Hydraulic system design

* 3.6.1 The hydraulic systemmay include those functionsnecessary for operation
of any missile service and for maintainingthe magnitude and direction of the
velocity vector in a stable manner through all phases of flight.

8
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!

?:3.6.2 Power sources. In the case of turbine drives (or other devices which
can exceed safe operating speed when the unit is unloaded), precautions,such as
incorporationof a flow limiter in the pump outlet> shall be taken to prevent
operating conditions hazardous to personnel. When using expendable-typepower
sources, means shall be provided to power the system externallyduring prelaunch
or ground-handlingoperations.

~:3.6.2,1 supply pressure. Hydraulic fluid shall be supplied to the system at
the system designed operatingpressure,within specified limits, under all flow
rates required during all phases of flight. If utility services are included
in the system, their operation shall not adversely affect those services pro-
vided for flight control,

3.6.2.2 Return pressure. The hydraulic system shall maintain the required
back pressure,within specified limits, at the return ports of servo valves in
the flight control system.

‘“3.6,3 Unitized systems. Unitized systems (integratedpackageswhich are
hydraulic systems within themselves)shall be designed in such a manner that
they can be installed on and removed from the missile without breaking any
hydraulic connections. If practicable,the electricalconnection to the vehicle
shall be through a single electricalconnector. The number of adjustmentsre-
quired when the system is installed shall be held to a minimum. The package
shall contain an accessibleprovision to replenish the hydraulic fluid, If
different unitized packages are used on the same vehicle, it shall not be pos-
sible to install the packages in incorrect locations. In addition, the
followingrequirementsshall apply to unitized systems:

(a) Minimize external seals. This includeshigh and low pressure, static
and dynamic type.

(b) Wherever practicable,high-pressure seals shall vent to low pressure
cavities.

(c) Means shall be provided to allow instrumentationof the unit to verify
performance,

(d) Pump shaft seal leakage should be inspectable.

(e) Means shall be provided to allow determinationof the reservoir fluid
level. The refill level shall be indicated on the unit.

(f) Operating life shall be specified in the detail s~--+fication.

* 3.6,4 Redundance. The number of redundant componentsshall be held to a
minimum consistentwith the missile requirements. If two separate systems

9
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are used, and if practicable,the design shall be such that no single failure
will cause loss of more than one system or allow transferof fluid from one
system to another. On dual systems utilizing a switchingscheme, switching
shall not occur as a result of normal system operationor normal transients.
Switching shall be such that a complete switch is normally assured. Redundant
systems or components shall be providedwith means to permit checkout of each
redundant part or subsystem individually*

+<3.6.5 Long term storage. In designingmissile systems,considerationshall
be given to the storage requirementsof the missile. Insofar as practicable,

the design of the hydraulic system shall be such that periodic checkoutsare
not required. The reservoir shall contain sufficientmakeup fluid to compen-
sate for normal fluid loss. The system should be designed to avoid ingestion
of air or moisture and to minimize external leakageduring storage and opera-
tion.

3,7 Component design

3.7.1 Military specificationsand standards. All hydraulic system components

shall comply with the applicable specificationsand standardsas listed in the

appendix to this specification.

3.7,2 Standard components. Standard components shall be used in preference
to nonstandard componentswherever they will perform the functionrequired by
the system operating needs. Unless all qualified sourceswill operate satis-

factorily in the application,the applicabledrawings shall specify the manu-

facturer’spart number and not the standard part number, and the installed
component shall not carry the standard part number. Where no applicableAN or

MS standard component exists, a minimum size envelopecompatiblewith minimum
weight requirements>performance>installation?inspection>

. and maintenance

requirements shall be used, AN or MS standard hydrauliccomponentsmust be used
wherever applicable.

* 3.7.3 Nonstandard components. Nonstandard componentsshall be designed and
tested in accordancewith the missile manufacturer’sspecifications. The con-

tractor shall determine the number of cycles of operationto which nonstandard
components may be subjected includingcycles during component and missile check-
out and periodic exercises. The estimatednumber of cycles shall be multiplied
by a factor of at least four to determine the endurancerequirement. For types
11, 111, and IV components the contractor shall determine the percentageof the

cycles anticipatedat the elevated temperaturesand shall subject the component

to elevated temperatureendurance for the same percentageof cycles.

* 3.7.4 Orifices. All orifices smaller than 0.070 inch in diameter, the clog-
ging of which could cause malfunction of the system, shall be protectedby a
filter element having a screened opening of 0.012 maximum. The filter element
screen opening size shall be selected to assure adequate protectionof the

10
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associated orifice from system contamination. Orifices and filter elements

must be strcng enough to absorb system,design flow and pressure without rupture
or excessive deformation

3.7.5 Hydraulic components

‘“3.7.5.1 Servo valves. Electricallycontrolled servo valves shall meter the
flow of hydraulic fluid to hydraulic actuators. Design criteria for servo
valves shall be as covered by the missile flight control system and detail
specification.

3.7.5.2 Actuators. Design criteria for flight control actuators shall be
as covered by the missile flight control system and detail specifications.

3.7,6 Packings. MIL-G-5514 shall be used as a guide for packing installations.

3.7.6.1 Packings and gaskets - type I systemso All packings and gaskets for
type I systems shall conform to MIL-P-5516 or M1L-P-551O. Packings conforming
to MIL-P-25732may also be used.

* 3.7.6.2 Packings - type 11 systems. Packings conforming to MIL-P-25732 shall
be used within the performanceconstraintsreflected by qualificationrequire-
ments and tests of NIL-P-25732. The major performanceconstraintsare summa-
rized as follows:

~<3.7.6.2.1 If the maximum system temperaturedoes not exceed 225”F, the
standard seal is suitable for the normal life reflected by endurance test “B”
of NIL-P-25732.

* 3.7.6.2,2 If the maximum system temperatureis betweer.225°and 275°F, the
life expectancyof the standard seal shall be reduced proportionallyfrom the
normal life reflected by endurance Lest “B” of MIL-P=25732 to the reduced
life reflectedby endurance test “A” of MILup-2573~. (The total accumulated
time of exposure to 275°F during qualificationtests is approximately80
hours.) The reduced life expectancyshall be clearly defined in all appropriate
publications.

3.7.6.3 Packings and gaskets - types III and IV systems. Only packings and—.— ..—.
gaskets approved by the procuring activity shall be ins~slled in types 111 and
IV hydraulic systems.

3.8 Component installation

3.8,1 Design practice and installation. The hydraulic system component
installationrequirementsstated below are considered to be representativeof
good design practice. However, it is recognized that variations from these

11
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practices will, in many cases, be necessary because of specific installation
exigencies. Installationof standard parts or componentsshall be designedto
accommodate the worst dimensional and operationalconditionspermittedin the
applicable part or component specificationor AN or MS standard. All components
shall be installed and mounted to withstand all expected accelerationloads,
wrench loads, vibration effects$ etc,

3.8.1.1 Reverse installation. Componentswhich could inadvertentlybe in-
stalled reversed, without the condition being certain of discoveryby a
routine system check (as specified in the technical order or handbook of main-
tenance instructionsapplicable to the missile), shall be so designed that they
cannot be installed reversed. Nonstandardcomponentsmay be used, if necessary,
to conform to this requirement. Irreversiblecomponentsshall be used where
system damage due to reversed installationcould occur without positive
discovery.

3.8.1.2 Placards for reversiblecomponents. For componentswhich can be inad-
vertently reversed during installation,a permanentplacard shall be installed
on adjacent equipment or structures~visible with component installed,to
indicate the correct direction of installation. Arrows on connectionlines are
not sufficient for this purpose.

3.8.2 Accumulators. Accumulators for type I systems shall be in accordance
with MIL-A-5498 and the standards listed therein. Types II, III, and IV
accumulatorsshall be approved by the procuringactivity.

3.8.2,1 Accumulator accessibility. In all accumulatorinstallations,space
shall be provided around the air charging valve for use of the MIL-G-8348
high-pressure,air-testinggage assembly, and for standard fittingconnections
to charge accumulators.

3.8.2.2 Accumulator instructions, Instructionsfor servicingthe accumulator
with gas pressure,with the accumulatoroil chamber discharged,shall be pro-
vided immediatelyadjacent to the accumulator. Adequate informationshall be
included to indicate the proper gas preload pressure throughoutthe temperature
range for which the accumulatorwill be serviced. If the servicingdata is too
extensive to be displayed,the followinginformationshall be shown in place of
the servicingdata:

See ServicingProcedure for AccumulatorServicingInstructionsand
Precautions. &/

~/ Missile contractorshall fill in ~equired information.

3.8.2.3 Quantity of accumulators, The number of accumulatorsused in the
hydraulic system shall be kept to a minimum.

12
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+’3.8.2.4 Gas, For type I systems, accumulatorsmay be charged with air or
inert gases, such as nitrogen. Nitrogen or inert gases are preferredto mini-
mize oxidation of the hydraulic fluid, reduce fire hazard, and reduce the

I’dieselingaction.possibilityof “ For types II, 111, and IV systems, accumu-
lators shall be charged with inert gases only.

3.8.3 Actuating cylinders. Hydraulic actuating cylinders shall be so
installed that they are readily accessible for maintenance and inspectionand
do not interferewith the adjacent structure.

~’3.8.4 Bleeder valves. Where required, bleeder valves shall be so located that
they can be operated without removin~ other components. Such installationsshall
permit attachment of a flexible hose so that fluid bled off may be directed into
a container. Disconnection of lines or looseningof tubing nuts shall not be
used for system bleeding.

3,8.5 Check valves. The direction of flow in the lines leading to and from
each check valve shall be clearly indicated on each line or, if the lines are
not visible, a permanent marking on the structure immediatelyadjacent to the
check valve shall be provided indicatingdirection of flow through the line for
proper installation.

3.8.6 Directional control valves. The installationof directionalcontrol
valves shall be compatible with the control valve performanceso that the system
operationwill not be affected by pressure, interflow,pressure surges, etc,
which might tend to cause the valves to open or move from their setting, or
cause them to bypass fluid in other than the intendedmanner,

3.8.6.1 Multiple control valve systems. In systems which incorporatetwo or
more directionalcontrol valves, provision shall be made to prevent fluid from
being transferred inadvertently,at any possible valve setting: from the cylinder
ports of one valve into the cylinder ports of another valve.

$<3.8.6.2 Manually actuated valves for ground OIJ6?ralliOIIS. All mechanicallycon-
trolled valves shall have a means to insure against accidental switching during
flight. These valves shall be designed to prevent partial switching. It shall
not be possible to leave in a checkout mode where it would result in a flight
failure unless such a condition would be detectableduring prelaunchcheck.

3.8.6.3 Control valve wiring. Electricallyoperated control valves shall be
wired in accordancewith MIL-W-8160.

* 3.8.7 Unloading valves. Unloading valves are normally ‘Isedin conjunction
with fixed displacement-typepumps. When used, the return line from the un-
loading valve to the reservoir shall be as short as possible. The tubing
connecting the unloading valve shall be so designed and installed that the
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pressure surges in the system will not affect the operationof the unloading
valve at any flow rate of the system. In addition,provisionsshall be made
in the system to eliminateany harmful shocks caused by pressure surges due
to the operation of the unloading valve.

* 3.8.8 Filters. Five-micron (absGlute)filters shall be used to filter all
of the circulating fluid in the system. All vent openings or fluid exposed to
breathing action through vents shall be protectedby filters, Line filters
installed in the missile system in proximity to an accumulatorshall be in-
stalled, if practicable,before the accumulator. Filters shall be so installed
that the pressure-dropindicator button is readily visible to servicingperson-
nel. All hydraulic fluid shall be filtered through a 5-micron (absolute)or
finer filter before use in the hydraulic system. In cases where a finer degree
of filtrationis required for specific missiles, it shall be so specifiedin
the servicing instructionsfor that missile and shall be subject to the approval
of the procuring activity.

~C3.8.8.1 Filter location. As a minimum requirement,5-micron (absolute)nonby-
pass type, disposable element filters shall be provided as specifiedin
3.8.8.1.1and 3.8.8.1.2.

* 3.8.8.1,1 Pressure line. Location shall be such as to provide protectionto
all major components in the pressure circuit and shall filter all fluid enter-
ing the system-<remthe ground test pressure connection.

$C3.8.8.1.2 Return line. Location shall be such as to filter all fluid
returning to the reservoir and pump inlet line and all fluid enteringthe
system from the reservoir filling connection.

* 3.8.8.2 Magnetic filters. When magnetic fields exist in portions of the
missile hydraulic system such that aggregationsof micronic ferromagnetic
materials may form and injure system operation,magnetic filters shall be pro-
vided. In lieu of magnetic filters, fine micror.icfiltersmay be used if test
data is available to prove that adequate protectionis obtained therewith.,

* 3.8.9 Fittings. Removable components shali accept fittingsconformingto
MIL-F-5509 or MIL-18280. They shall be connected and assembled in accordance
with AND1OO64 or MS33566. Permanentlyjoi~~edtube fittingsemployingno screw
threads shall be used at all joints possible. All nonstandardfittingsshall
require approval of the procuring activity, Uniess specificallyapprovedby
the procuring activity, no thread lubricantother than hydraulic fluidshall be
used on straight threaded fittings.

* 3.8.10 Hoses. In order that there will be no tendency for the connecting
fittings‘sen, hose assembliesmay be installedbetween two points of
relativemotion but shall not be subjected to torsionaldeflection (twisting)
under any condition of operation, No hose-clamp-typeinstallationsshall be
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used in hydraulic systems. Wherever practicable,metal coiled tubing in
accordancewith R 584 shall be used in lieu of hoses. Medium- and high-
-pressurehose assemblies shall conform to MIL-H-25579 and MIL-H-38360,
respectively. Hose selections shall be made from MS33620.

3.8.10.1 Hose support. The support of a flexible line shall be such that it
will never tend to cause deflection of the rigid lines under any possible re-
lative motion that may occur. Flexible hose between two rigid connectionsmay
have excessivemotion restrainedwhere necessarybut shall never be rigidly
supported as by a tight rigid clamp around the outside diameter of the flexible
hose.

+C3,8,10.2 Hose bend radii, The minimum radius of bend of hose assembliesshall
be as specified in MIL-H-25579 or MIL-H-38360,as applicable.

3.8.10,3 Hose protection. Hose shall be suitably protected against chafing
where necessary,

3,8,10.4 Provision for hose elongation and contraction. Hose assemblies shall
be so selected and installed that elongationand contractionunder pressures
within the hose specificationlimits will not be detrimental to the installation
either by causing strains on the end fittingsor excessivebinding or chafing of
the hose.

$’3.8.11 Lock valves. With the approval of the procuring activity, lock valves
may be installed in subsystemsto hydraulically10C1Cthe actuatingcylinders,
provided the lock is not required for subsystemswhere the unit must remain
closed through extreme changes in temperatureunless other means are provided
for fluid expansion or contraction. When several actuatingcylinders are
mechanically tied together, only one lock \’alveshall be used to hydraulically
lock all actuators, Mechanical locks should be used instead of hydraulic
shutoff valves in cases where accurate locked position control is required under
loading and vibration environments. Such mechanical locks may be hydraulically
operated.

3.8.12 Motors, All hydraulic motors shall be in accordancewith MIL-M-7997.
All motor- be accessible for maintenanceand inspectionand shall be
located in an appropriatelycool or warm space, dependingupon their service.
Proper case overflow connectionsto t!lereservoir sIM1l be provided. Shaft
seal drains shall be vented overboard.

3.8,13 Relief valves

3,8.13.1 System relief valves. Provisionsshall be made to insure that pres-
sures in any part of the power system will not exceed a safe limit above the
cutout pressure of the hydraulic system. Pressure relief valves, as specified
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herein, shall be located in the hydraulic system wherever necessary to accmn-
plish this pressure relief (see table I). The system relief valve shall have
a capacity equal to or greater than the rated flow of one pump when variable
volume pumps with a common pressure line are used.

3.8.13.2 Thermal expansionrelief valves. Relief valves, as specifiedherein,
shall be installed in the system wherever necessary to accomplishthermal ex-
pansion relief (see table 1).

3.8.14 Reservoirs. Reservoirs shall be suitably protected to prevent failure
or damage when rapid discharge into the reservoir is encountered.

3.8.14.1 Reservoir location. It is desired that the reservoir shall be so
located that the followingconditionswill be obtained:

(a) A static head of fluid will be supplied to the pumps in all normal flight
attitudes of the missile

(b) The length of suction line to the pump is a minimum.

~ 3,8.14.2 Reservoir filling provisions. The reservoirshall be filled by a
suitablepressure replenishmentmethod through a check valve with an MS33656-6
or MS33657-6 fittingconnection and shall be providedwith an AN929A6S cap
assembly. The cap assembly shall include a suitable safety chain to prevent
10ss0

3.8.14.3 Reservoirventin?. If a vent is provided in the reservoir,it shall
be so arranged that loss of fluid will not occur through the vent during flight
maneuvers or ground operationsof the missile. A filter shall be incorporated
into the vent line.

* 3.8.14.4 Pressurizedreservoirs- gas-oil in contact. Reservoirswith gas
and oil in contact shall not be used without the permissionof the procuring
activity,

* 3.8.14.5 Pressurizedreservoirs- gas-oil separs.ted.The reservoir pressuri-
zation shall be effectedby any suitable medium with the exceptionof a gas in
contact with the fluid. Operation of the system shall not introducegas into
the hydraulic fluid, and provisionsshall be made to entrap entrainedgas which
may have entered the system during servicingand prevent its recirculation,
Adequate instructionsshall be provided adjacent to the filling provisionsto
insure proper bleedingwhen servicing.

* 3.8,14.6 Reservoirgas pressurizationline filter. A filtrationdevice shall
be provided in all reservoirgas pressurizationcircuits and so locatedas to
protect the pressure regulationequipment.
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3.8.15 Restrictorvalves. Adjustable orifice restrictorvalves shall not
be used. The directions of restricted and unrestricted flow shall be indicated
on restrictorvalves and adjacent structure.

3.8.16 Self-sealingcouplings. Self-sealingcouplings conforming to MIL-C-
~5427 and MS24333 or MS24334 may be provided at all points in the SyStem, where

convenient, to facilitatemaintenance. Sufficientclearance shall be provided

around the couplings to permit connection and disconnection. Self-sealingcoup-

lings installed adjacent to each other shall be of different size or be otherwise
designed so that inadvertentcross connection of the lines cannot occur.

3,8,17 Snubbers. Snubbers shall be used with all Bourdon-typepressure
transmitters,pressure switches> and pressure gages> except air-pressuregages.

3.8.18 Suction line

3.8.18.1 Suction-linecold startin,q.The suction line shall be so designed
that regardless of ambient temperatures (see MIL-STD-21O),the hydraulic system
can be started wherever required and will be fully operationalin a time period
consistentwith the mission response time. Use of artificialheating to meet
this requirement shall be subject to approval of the procuring activity.

3.8.18.2 Suction line, pressure drop. The pressure drop from the reservoir
to the pump intake port under the conditions of temperatureand altitude com-
mensurate with the missile mission profile shall be such that the pressure
at the inlet port will be adequate to prevent cavitation of the pump.

3.8.18.3 Suction-line filters. Filters shall not be instalied in the suction
line to power-drivenpumps.

~’3.8.19 Swivel Ioints. Swivel joints may be used where relativemotion exists
between two Points and if other methods, such as coiled metal tubing cr flexible.
hose, are impracticableDesign shall be in accordancewith MIL-J-5513. Life
test data shall be submitted to the procuring activity for approval. Where
lines or fittings are used to drive swivel joints, they shall be adequately
supported and shall be of sufficient strength to insure a satisfactoryoperating
installation.

3.8.20.1 Tubing materials. Tubing shall be either cor~osion-resistantsteel
conforming to MIL-T-6845 or MIL-T-8504, Gr an alumi:lumAIIOY conforming to
temper O of WW-T-700/4 or condition T6 of MIL-T-7081. Pigher strength-to-
weight ratio steel or titanium tubing may be used with the approval of the
procuring activity.
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3.8.20.2 Tubing bends. Bends shall be uniform (withoutkinks or scratches),
and the radius of bend for the tubing shall be not less than that specifiedin
MS33611. Radii of bends for nonstandard tubing shall be subject to approvalof
the procuring activity.

* 3.8.20.3 Designed motion in tubing. Looped or straight aluminum-alloytubing
shall not be used between two connectionswhere relativemotion exists. Coiled—
tube and torsion tube installationsof corrosion-resistantsteel tubing shall
be designed and installed in accordancewith ARP 584. Titanium tubing may be
used if approved by the procuring activity.

3.8.20.4 Straight tube lines. The use of straight tube lines installedbe-
tween two rigid connections shall be avoided wherever Possibleo where such

straight lines are necessary, provisions shall be made in the mounting of the
units or in the rigid connections to insure that no excessivestrainswill be
applied to the tubing and fittings. Semiloopsmay be provided in the tubing,
as necessary, to insure proper alignment on installationand to take care of
vibratory motion.

* 3.8.20.5 Tubing and fitting identification, All hydraulic oil lines shall be

permanentlymarked in accordancewith MIL-STD-1247. A sufficientnumber of
hydraulic lines shall be marked in conspicuouslocationsthroughoutthe missile.—_ _
in order that each run of line may be traced. This marking shall indicate the

unit operated. These markings shall be repeated as often as necessary,par-
ticularly on lines entering and emerging from closed compartments,to facilitate
maintenance work. ~fierefittings are located in members such as bulkheads~webs>
etc, each fitting location shall be identified (placard)as to system function,
using the same terminologyas 011its connecting line.

3.8.20.6 Tubing supports. All hydraulic tubing shall be supportedfrom rigid
structure by tube clamps conforming to MS21919 or by suitablemultiple block-
type clamps. Where system temperaturesmake the 11S21919clamp unsatisfactory,
clamps suitable for the temperature involved shall be used as approvedby the
procuring activity. Supports shall be placed as riearas practicableto bends
to minimize overhang of the tube. Recommendedspacings between supports are

shown in table 11, except that where tubes support fittings>such as unions>
tees, etc, spacings should be reduced approximately20 percent. Where tubes of
different diameters are connected together,an average spacing distancemay be
used, In any event, the requirementsof 3.8.24 shall be met. Provisionsshall
be made in the support location to accommodatechange in tubing length caused
by expansion and contraction. In order to facilitateinspectionand repair,
tubing shall not be bundled together.

—
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TABLE 11. Hydraulic Line Support Spacings

hfaximumlength between
supportcenters(meas-
ured alongtube)

NominaltubeOD
(inches) Aluminum

alloy Steel
(inches) (inches)

118 9-112 11-1/2
3/16 12 14
1/4 13-112 16
5116 15 18
3/8 16-1/2 20
1/2 19 23
518 22 25-1/2
3/4 24 27-1/2

1 261/2 30
1-1/4 28-1~2 31-1/2
1“1/2 29-1/2 32-112

~;3.8.20.7 Location of hydraulic tubing. Hydraulic lines shall be protected
from sources of extreme heat which could cause excessive oil or component
temperatures. To prevent fire from line leakage,hydraulic lines should be
located so that leakage does not fall direc~ly on sources of extreme heat.
Insofar as possible, hydraulic lines shall not be grouped with lines carrying
flammable fluids. Hydraulic drain and vent lines shall exhaust in areas where
the fluid will not be blown into the missile, collect in pools in the structure,
or be blown onto or near exhaust stacks, manifolds, or other sources of heat.
Components and lines shall be so located that easy accessibilityfor inspection,
adjustment,and repair is possible.

3.8.20.8 Design of line installations

* 3.8.20.8.1 Component lines. Where two or more lines are attached to a hy-
draulic component and incorrectconnection of lines to the component is possible,
the two lines shall be sufficientlydifferent, such as a variation in size,
length, or diameter, to prevent such an occurrence.

3,8.20.8.2 Drain lines. Drain or vent lines coming from the pump, reservoir,
or other hydraulic components shall not be connected to any other line of any
other fluid system in the missile in such manner as to permit mixture of the
fluids at any of the componentsbeing drained or vented.
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3.8.20.9 Tubing flares and assembly. Tube flareswhen used shall conform to
MS33584 or MS33583. Aluminum-alloytubing conformingto temperO of WW-T-
700/4 3/8-inch outside diameter and smaller shall be double flared. men
installing tube connections,care shouid be exercised to keep the wrench torque
used within the limits specified in AND1OO64,

3.8.20.10 Tubing clearance. Where tubing is supportedby structureor other
rigid members, a minimum clearance of 1/16 inch shall be maintainedwith such
member. A minimum clearance of 1/4 inch shall be maintainedwith adjacent
rigid structure or units. In areas where relativemotion of adjoiningcom-
ponents exists, a minimum clearance of 1/4 inch shall be maintainedunder the
most adverse conditions that will be encountered.

3.8,21 Mounting lightweightcomponents, Standard lightweightcomponentssuch
as check valves, etc, which are not suppliedwith mounting holes and which do
not require adjustment after installation,may be supportedby the tubing~pro-
vided a tube clamp is used as close as practicableon each side of the component.
Nonstandard components of similar weight and usage may be mounted in the same
manner.

3.8,22 Pressure testing

3.8.22,1 Proof pressure. No part of a hydraulic system shall fail, take any
permanent set, or be damaged in any manner, when subjectedto applicableproof
pressure. All hydraulic systems shall satisfy this requirementwhen subjected
to the appropriateproof pressure as listed in table 1.

3.8.22,2 Burst pressure. No part of a hydraulic system shall rupturewhen
subjected to applicableburst pressure. All hydraulic systems shall satisfy
this requirementwhen subjected to the applicableburst pressure listed in
table I.

3.8.23 Bonding. The missile hydraulic system componentsand lines shall be
bonded to the missile in accordancewith MIL-B-5087.

3.8,24 Vibration. The hydraulic system, its componentsand their supports,
shall be so designed and vibration tested as to demonstratethat they will func-
tion properly for adequate life under any condition of vibrationto which they
may be subjected in the missile (see 4,2.1).

3.8.25 Cleaning of Parts and systems. All parts of hydraulic system units
shall be thoroughlycleaned prior to assembly or installationof the particular
unit.

3.9 Interchangeability. All parts having the same manufacturer’spart number
shall be functionallyand dimensionallyinterchangeable. Where changes in the
contractor’sdrawings are required, such changes shall conform to MIL-STD-1OO.

—
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3.10 Identificationof product. Equipment, assemblies,and parts shall be
marked for identificationin accordancewith MIL-STD-130.

3.11 Workmanship. Workmanship shall be high grade throughoutto insure
proper operation and service life. The systems shall be designed to provide
maximum protection to personnel and accessibilityfor overhaul of components.

4. QUALITY ASSWCE PROVISIONS

*4.1 Responsibilityfor inspection. Unless otherwise specified in the contract
or Purchase order, the contractor is responsible for the performanceof all.
inspection requirementsas specifiedherein, Except as otherwise specified in

the contract or order, the contractormay use his own or any other facilities
suitable for the performance of the inspectionrequirementsspecifiedherein,
unless disapprovedby the Government~ The Government reserves the right to
perform any of the inspectionsset forth in the specificationwhere such in-
spections are deemed necessary to assure supplies and servicesconform to
prescribed requirements.

4.2 Inspection. The hydraulic system installationof one of the first com-
plete experimentaland production missiles shall be subject to inspection for
conformance to this specificationby engineeringrepresentativesof the procuring
activity. It is expected that this inspectionwill be performed at the con-
t-ractor~splant concurrentlywith similar engineeringinspectionsof other
systems of the missile. Detailed arrangements for the inspection~~illbe the
subject of correspondencebetween the procuring activity and the contractor.

~ 4,2,1 Hydraulic lines, hydraulic units> and their supports shall be inspected
visually for evidence of destructive vibration after the missile is fired
statically,or when some other satisfactorymeans of excitationis utilized,

4,3 Cleaning of parts and systems. To assure that the hydraulic system is
free of contamination,each new hydraulic system shall be operated at least 10
times in order to insure infiltrationof all circulating fluid. Ground equip-

ment which is used for this cleaning process shall be provided with filters of
the same degree of filtration,or finer, as that used in the missile system,
Dead-end lines in the system shall be properlyconnected with jumpers to
completely clean such lines during actuation.of the system. If the filter
element in the hydraulic system is used during this operation, it shall be
replaced.

4.4 Ground and flight tests. Ground and flight tests shall be conducted as
specified in the contract and shall include at least one of the first experi-
mental missiles and one of each subsequentmodel if there are significant
differences.
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4,4.1 Ground tests

4.4.1.1 Preparation. &.test stand ~ha~l be connected to the missile system

in a suitablemanner which will closely approximatethe actual power system in
the missile. All special test equipmentshall be installe~and approved system
modifications,if any, completed. The hydraulic system shall be adequately
bled of entrapped air, and the system and reservoir(s)filled to their speci-
fied level with applicablehydraulic fluid. All accumulatorsshall be properly
serviced and the entire system, components,and attached linkagesand mechanisms
properly adjusted. The missile shall be suitably elevatedand safely anchored
in place to permit full operation of all hydraulicallyoperated servicesor
units,

4.4.1.2 Test procedure. Nominal system pressure shall be applied to the whole
installation,and each selector and control valve shall be operated for at
least two complete cycles of the correspondingservice. In addition,each con-
trol unit shall be operated through an incompletehalf cycle} followedby a
complete reversal of direction. (A cycle is interpretedto mean the full travel
of a service from down (closed)to up (open) and return to originaldown (closed)e

4.4.1.2.1 This test procedure shall be accomplishedthrough both directionsof
operation During the operations,inspectionshall be made to determinewhether:.

(a) The various functionsare accomplishedsatisfactorilyin accordancewith
specificationrequirements

(b) The movement of all components and surfaces is smooth and positive

(c) All tubing and fitting joints and component externalseals are free from
leaks

(d) The clearance for all moving parts throughoutthe entire range of movement
is such-that fouling of adjacent
be given to flexibleconnections
occur,

(e) Peak pressures shall be in

parts cannot occur. Particularattentionshall
to insure that pinching or stretchingdoes not

accordancewith 3.5.5,10

4.4,1,2,2 A series of control operations,simulatingextreme and normal flight
operatingconditions,includingaerodynamicloads and airborne temperatures,
shall be conducted to determine any malfunctioningwhich could be encountered.

4,4.1.2.3 Values of operating temperature (if applicable)and ambient tem-
perature shall be noted.

4.4.1.2.4 LOW fluid level.
lowest permissibleindicated

The oil in the reservoir(s)shall be set to the
level, The controls shall then be operatedat

—
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least once through the normal sequence of operations. The control valves
shall be set to simulate normal flight operation~whereby the minimum amount
of fluid is returned to the reservoir. The reservoir power pump suction line
shall be checked for any indication that air has been introducedinto the
system. Reservoir pressurization,if applicable,shall be set to the low limit
of the normal pressurizationrange during this test, Cavitation of the pump(s)
shall not occur.

4.4,2 Flight tests. The missile shall be instrumentedto measure and record
all necessary data as specifiedherein. The data should cover pressures (opera-
ting peak or surge, as applicable),ambient air and system temperatures,time
of operation,and other data as may be required on any individualsystem. The
system(s) shall be properly serviced for adjustments,normal fluid level, bleed-
ing of air, etc. All necessary special components,bypass circuits, etc, as
required, shall be installed and checked for proper and safe function.

4.4.2.1 Instrumentation

4.4.2.1.1 Telemetering. When possible, telemeteringfacilitiesshall be
provided to monitor hydraulic pressure and temperatureat critical points in
the system, in order to have a record of hydraulic system operation in the event
of system failure. Telemeteringof any specific pressure need not be continuous.
However, if the time interval between telemeteringsignals for any pressure or
temperatureis sufficientlysmall and recording facilitiesare available on the
ground, integral recording facilitiesneed not be provided in the missile to
record these data.

4,4.2.1.2 Recoverablerecording equipment. When telemeteringis not utilized
for the recording of data, recoverablerecording equipment shall be utilized for
the recording of data, Recording need not be continuousunder the conditions of
4.4.2.1,1,

4.4,2.1,3 Choice of equipment. The telemeteringa~Ld recording equipment
selected shall have characteristicsthat are compatiblewith the telemetering
and instrumentationfacilitiesof the Service’s test range where the missile
system is to be flight tested.

4.4.2.2 Data. Data that will assist in determiningthe cause of hydraulic
malfunction in the event of flight failure shall be recorded or telemetered.
Also, the most criticalhydraulic fluid temperaturesshall be recorded or
telemetered.

4,4.2.3 Flight conditions, Data shall be obtained for all extremes of flight
attitude, altitude, ambient temperature,speed, and accelerationto be encounter-
ed during operation of the missile. These data may be obtained during flight
tests designed to evaluate other portions of the missile.

4.5 Environmentaland climatic tests. Environmentaland climatic tests shall
be conducted to show conformanceto this specification,
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~:4.6 Mockup testing, Mockup testing shall be performed on a hydraulic sys-
tem to demonstrate that the system has an operationalcapabilityequal to the
required number of flights plus operation equivalent to the expectednumber
of hours of hydraulic system operationduring normal missile testing,confi-
dence checlcs,and maintenance. Pending the availabilityof productioncom-
ponents, prototype components or suitable laboratorymodels may be used. tie
test on the simulator shall simulate a typical mission profile so as to
duplicate,within practical limitations,an actual missile flight. Items shall
operate in sequence for a check on unusual back pressure, surges, temperatures,
etc. Redundant systems shall be tested with simulated failures. The functional
mockups shall be used to determine the performanceof the hydraulic system prior
to the first flight of the missile and to evaluate any significantchanges as
they are made to the sytem during productionof the missile.

5. PREPARATIONFOR DELIVERY

This section is not applicableto this specification.

6, NOTES

6.1 Intendeduse. This specificationis intended for use in the design,
installation,and testing of missile hydraulic systems.

* 6.2 Coiled tubing design notes. ?)esigncriteria for coiled tubing installa-
tions are given in AN? 584.

~ 6.3 Hydraulic system design submittaldata

~~6.3.1 TO obtain approval of the missile hydraulic system, data as indicated
in the followingsubparagraphsshould be includedwhen submittingdata as
specified in 3.4.

* 6.3.1.1 System studies data. The followingdata should be submittedto the
procuring activity for approval:

(a) Hydraulic system schematicdia~ram including a system block diagram

(b) Hydraulic flow versus time curves for typicalmissions

(c) Hydraulic fluid peak temperatureversus time curves for typicalmissions

(d) Descriptionof the hydraulic system.

* 6,3.1.2 Prototype design selectiondata. The followingdata should be sub-
mitted for evaluation for purposes of selectinga preliminarymissile hydraulic
system design for continuationinto the detailed developmentphase:

(a) Hydraulic system schemtic diagram in accordancewith this specification
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(b) Hydraulic flow versus time curves for typical missions

(c) Hydraulic fluid peak temperatureversus time curves

(d) Revised description of the hydraulic system, including a discussion of
those areas that will present problems and will require considerabledevelop-
ment effort

(e) Hydraulic system design selection report. This report should present a

simplifiedanalysis verifying that the hydraulic system selectedwill conform
to the weapon system.

* 6.3.1.3 Developmentaldata. The followingdata should be submitted during the
developmentphase of the hydraulic system and should be suitable for use as
productionprocurementdata:

(a) If it is determinedby the preliminary service-contractorconference
(see 3.5,10) that MIL-H-8775 is not adequate for a specific missile, the con-
tractor should prepare and submit for approval a general specificationfor
components similar to MIL-H-8775. This document should specify the performance,
design, and testing requirements for all components in the hydraulic system and
also will be the controllingdocument for components not otherwise covered by
an applicablecomponent specification.

(b) If it is determined by the preliminary service-contractorconference
(see 3.5.10) that this specificationis not adequate for a specific missile
application,the contractor should prepare and submit for approval a system
specificationsimilar to this specification.

(c) Hydraulic system schematicdiagram in accordancewith 6.3.1.5 should be
submitted for approval.

(d) Hydraulic system design report in accordancewith 6.3.1.6 should be sub-
mitted for approval.

(e) Hydraulic system ground and flight test report in accordancewith MIL-T=
5522 should be submitted for approval.

(f) Detail specificationsand test reports for the followingcomponents should
be submitted for technicalreview and approval. Test reports should include
analysis of failures and malfunctions affecting performance and safety.

(1) Pumps and motors

(2) Flight control actuators and servos

(3) Flexible connectors,includinghoses (if nonstandard)

(4) Packings and packing installations (if nonstandard)
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(5) Fluids (if nonstandard)

(6) Fittings (if nonstandard)

Note: Other components that may require surveillance,in view of the criti-
calness of the particular item to the proper functioningof the weapon system,
may be specified after the hydraulic system schematicdiagramshave been re-
viewed. The list of surveillanceitems will be establishedduring the service-
contractor conference (see 3.5.10).

(g) Cross-sectionalassembly drawings, in accordancewith 6.3.1.7, of all
nonstandardhydraulic components should be submitted for information.

(h) Reliabilitydata should be as required in the contractor’ssystem
specification.

$;6.3.1.3,1 The
approval:

(a) Component
6,3.1.3(f)

followingdata need not be submitted for technicalreview and

specificationsand test reports other than those specifiedin

(b) System and component detail installationdrawings.

* 6.3.1.3.2 The followingprocedure should be adopted by the contractorin lieu
of submitting the data specified in 6.3,1.3.1:

(a) The__c~tractorshould certify, upon completion of validatingtests, that
the hydraulic component conforms to the applicablemilitary-or contractor-
prepared specificationsapproved by the Procurin& activitYand is satisfactory
for use in the particularmissile weapon hydraulic system.

(b) The test reports as well as the specificationsand other applicable
engineeringdata covering the hydraulic system components,other than those
specified in 6.3.l,3(f),should be retained by the contractorand shouldbe
available to the procuring activity upon request, with the exceptionthat all
the cross-sectionalassemblydrawings should be submittedfor information.

(c) The contractor should list in a status of equipmentlist those components
that are contractor certified for data availabilityand compliancewith the
applicableGovernment-approvedspecifications,

* 6.3.1.4 Productiondata. Where changes have been made in the hydraulic
system over the developmenthydraulic system, the developmentaldata required
in 6.3.1.3 should be submitted.

6.3.1.4.1 A specificationspecifyingthe necessary functionaltests of the
hydraulic system ~f productionmissiles should be submittedto the procuring
activity for approval.
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~;6,3,1.5 Schematic diagram. The schematic diagrams should consist of one copy
of the conventional size and one copy approximately11 inches in height. The

arrangement of the schematic diagram should be such as to present the system in
a clear and easily readable form, with complete subsystemsgrouped and labeled
accordingly Emphasis should be placed on simplicityand clarity of presenta-
tion, with location in the missile being of secondary importance. Nomenclature

of each unit should be included adjacent to or in the vicinity of each unit.
In addition, the schematic diagram should contain the followinginformation:

(a) operating pressure of all systems and subsystems,includingprelaunch
auxiliary systems used on the launcher or in the launchingmissile.

(b) All relief valve cracking and full flow pressures.

(c) Initial gas pressure of accumulatorsand their nominal capacities.

(d) pressure settings of pressure regulatorsand sequencevalves.

(e) Diameter,wall thickness,and material of tubing,

(f) Total and reserve fluid capacities of reservoir(s)and the system.

(d Displacement of fluid in cubic inches of each actuatingcylinder for both
extension and retraction.

(h) Actuating cylinder piston head diameter, rod diameter, effectivepiston

area, and total and working stroke of each cylinder.

(i) ~~otordisplacement per revolution and number of required revolutionsof

hydraulic motors for each half-cycle of operation and the torque load required
for each unit.

(j) Type of power-drivenpump and displacement,including flow-ratecurve

showing pump rpm for all phases of flight.

(k) Indicated flow of fluid through all hydraulic lines,

(1) Reservoir pressurizingsystem source, operatingpressure> and schematic
diagram of plumbing,

(m) Simple schematicdiagram of linkages showingmechanicaldisconnects,
downlocks, and uplocks, and other data to tie the mechar.icalsystem to the
hydraulic system for analysis~ This should include mechanical feedbackdevices
and mechanical instrumentationelements (such as filter ~ P indicators).

(n) A simple schematicwiring diagram of the electricalportion of the hydrau-
lic system giving current loads and describing functionsin accordancewith
MIL-E-8189. Electrical feedback elements and electrical instrumentationelements
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should be shown on this schematic includingreference to direction of operation
(i.e., piston extend, increasingpressure, etc). (Thisdiagram and data may be

on a separate drawing.)

(o) Name and part number of all units. Standard part numbers should be
indicated,where applicable. Nonstandard units should also includename of
manufacturer and the manufacturer’spart number.

(P) Connections for testing with auxiliary or ground test power systems
should be indicated.

(d Tubing and hose lines should be identified in accordancewith MIL-STl)-17.

(r) All hydraulic components should be shown in schematic,typical cutaway
views, with adequate data to show flow directions for the various operating
conditions of the unit. Symbols in accordancewith MIL-STD-17may be used where
the flow path is obvious.

(s) Normal system temperature (estimated),

(t) Maximum system temperature (estimated).

(u) Length of time in minutes and in percentage of total flight time that the
hydraulic system will be at or near maximum temperature.

(v) Compartment temperatures(estimated).

(w) Valve types (solenoid,servo, squib operated, etc) and rated flow.

* 6.3.1.6 Hydraulic system design report. The hydraulic system design report
should be submitted prior to or with the final schematicdiagram and should
incorporatesufficientdesign calculationsand data to demonstratethat the
design requirements of the hydraulic system have been met. A hydraulicsystem
temperaturesurvey should be included consideringthe locationof the hydraulic
system in the missile. An estimate of the bulk oil and hotspot temperatures
should be made. The length of time in minutes and in percentageof total flight
time that the hydraulic system will be at or near maximum ter,peratureshould be
included. Compartmenttemperaturesshould be indicated. The system peak and
average flow rates and the power spectrum should be shown. Duration of peak

and average flow rates should also be indicated. The minimum temperatureat
which full performanceoccurs should be included,

* 6.3.1.7 Hydraulic system nonstandardcomponent cross-sectionalassembly
drawings. The cross-sectionalassembly drawings for each nonstandardhydraulic
component should contain sufficientinformationin order that an evaluationof
the unit can be made. Such informationshould include the applicablespecifi-
cation, the material protective finish of each parts and bearing data~ This

informationmay appear as a written addition to the drawing. Reason for the
use of a nonstandardcomponent,where a standard exists, should be submitted
with the component drawing.
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6.4 The margins of this specificationare marked with an asterislcto indi-
cate where changes from the previous issue were made. This was done as a
convenience only, and the Government assumes no liabilitywhatsoever for any
inaccuraciesin these notations. Bidders and contractorsare cautioned to
evaluate the requirements of this document based on the entire content irre-
spective of the marginal notation and relationshipto the last previous issue.

Custodians:
Army - MI
Navy - AS
Air Force - 11

Review activities:
Army - MI
Navy - AS
Air Force - 70

Preparing activity:
Air Force - 11

Project No, 1410-0061
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APPENDIX

100 SCOPE

~; 10.1 This appendix covers documents applicableto MIL-H-25475Bnot cited
therein.

SPECIFICATIONS

Military

MIL”S-5049
MIL-C”5501
MIL-C”5503

MIL-P-5517
MIL-V”5519
MIL-R-5520
MIL-w-5521
MIL-T-5522

MIL-V-5529
MIL”V-5530
MIL-C-5541

MIL-H-5593
MIL”P-5954
MIL-P-5994
MIL-V-6164
MIL-I-6866
MIL-I-6868
MIL-I-7084
MIL-S-7.742

MIL-P”7858
MIL-V-7915
MIL-E-8189

MIL-H-8446
MIL-V-8566
MIL-C-8603
MIL-H-8775

MIL-H-8788
MIL-F-8789
MIL-H-8790

Scrapers,Piston Rod
Caps and Plugs, Protective,Dust and Moisture Seal
Cylinders;Aeronautical,Hydraulic Actuating,General Require-
ments for
Plastic Parts in Aircraft Hydraulic Equipment;General Tests for
Valves, Aircraft Hydraulic Unloading
Reservoirs: Aircraft, Hydraulic,Non-SeparatedType
Washer, Aircraft Hydraulic Packing Back-Up
Test Procedure for AircraftHydraulic and Pneumatic Systems,
General
Valves, Hydraulic DirectionalControl
Valves, Aircraft Hydraulic Shuttle
Chemical Films and Chemical Film Materials for Aluminum and
Aluminum Alloys
Hose, Aircraft, Low Pressure,Flexible
Pump Unit, Hydraulic, ElectricMotor Driven Fixed Displacement
Pump, Hydraulic, Electric-Motor-Driven,VariableDelivery
Valve; Aircraft,Air, High-Pressure
Inspection,PenetrantMethod of
InspectionProcess,Magnetic Particle
Indicator,Pressure,Hydraulic, 0-4000 PSI
Screw Threads, Standard,Optimum SelectedSeries: General
Specificationfor
Pump, Hydraulic, Power Driven, Fixed Displacement
Valves; Hydraulic,DirectionalControl, Slide Selector
ElectronicEquipment,Missiles, Boosters and Allied Vehicles,
General Specificationfor
Hydraulic Fluid, NonpetroleumBase, Aircraft
Valves; Aircraft Hydraulic Flow Regulator
Clamps, Tube Support,Loop Type
Hydraulic System Components,Aircraft and Missiles, General
Specificationfor
Hose, Hydraulic,High Pressure
Fitting End, AttachableHydraulir ‘ligh-P. \’reHose
Hose Assemblies,Rubber, Hydraulic,High Pressure (3,000PSI)
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MIL-R-8791

MIL-H-8794
MIL-H-8795
MIL-H-8890

MIL-F-9490

MIL-V-19067

MIL-V-19068
MIL-V-19069
MIL-P-19692
MIL-G-25308
MIL-V-25675
MIL-G-25867
MIL-G-25987

STANDARDS

Military

MIL-STD-17
MIL-STD-889
MS20995
MSZ1902
MS21904
MS21905
MS21906
MS21907
MS21908
MS21909
MS2191O
MS21911
MS21912
MS21913
MS21914
MS21915
MS21916
MS21917
MS21924
MS24335
MS24352
MS24353
MS24478
MS24512
MS27252

Retainer, Packing, Hydraulic, and Pneumatic,Tetrafluoroethylene
Resin
Hose, Rubber, Hydraulic, Fuel, and Oil Resistant
Hose Assemblies, Rubber, Hydraulic,Fuel and Oil Resistant
Hydraulic Components,Type 111 (-65° to +450”F), General
Specificationfor
Flight Control Systems - Design, Installationand Test of,
Piloted Aircraft, General Specificationfor
Valves, Check, Controllable,Hydraulic,Aircraft, Type 11
Systems
Valves, Shuttle,Hydraulic,Aircraft, Type 11 Systems
Valves, Check, Hydraulic, Aircraft,Type 11 Systems
Pumps, Hydraulic, Variable Delivery, General Specificationfor
Gage, Pressure, Dial Indicating,Hydraulic,Type ME-1
Valves, Check, Miniature, Hydraulic, Aircraft and Missiles
Gage, Pressure, Dial Indicating,Pneumatic
Gages, Pressure, Dial Indicating,General Purpose, Aircraft

Mechanical Symbols
DissimilarMetals
Wire, Safety or Lock
Union, FlarelessTube
Elbow, Flareless Tube, 90°
Tee, FlarelessTube
Cross, Flareless Tube
Elbow, Bulkhead Universal, 45°, Flareless Tube
Elbow, Bulkhead Universal 90°, Flareless Tube
Tee, Bulkhead and Universalj FlarelessTube
Tee, Bulkhead, Flarel.essTube, InternalThread on Side
Tee, Bulkhead, Flareless Tube, InternalThread on Run
Tee, FlarelessTube with Bulkhead on Run
Plug, FlarelessTube
Cap, Pressure Seal, FlarelessTube Fitting
Bushing, Screw-ThreadExpander,Flareless Tube Connection
Reducer, External Thread, FlarelessTube
Nut - Sleeve Coupling, Flareless
Union, FlarelessTube, Bulkhead and Universal
Flange, BulkheadMounting, Hydraulic, Self-SealingCoupling
Valve, AircraftHydraulic Restrictor,One-Way, Filtered
Valve, Aircraft Hydraulic Restrictor,Two-Way, Filtered
Gage, Single 1 Inch Dial, PneumaticPressure
Gages, Pressvre,Dial Indicating,General Purpose, Aircraft
Plate, Idex.cification
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MS28016
MS28061

MS28063

MS28700
MS28720
MS28741
MS28759
MS28760
MS28761

MS28762
MS28764

MS28765

MS28766

MS28767 ~

MS28768

MS28771
MS28774
MS28775
MS28776
MS28777
MS28778
MS28782
MS28783
MS28880
MS28881

MS28886
MS28889
MS28892
MS28893
MS28895

MS28896

MS28897

MS28932

Valve - Hydraulic Dual Thermal ExpansionRelief
Gages, Pressure, Engine and Utility, 2 Inch Flange-Mounted,
Back Ports
Gages, Pressure, Engine and Utility, 2-Inch, Flange- or Port-
Mounted, Bottom Port
Accumulator - Cylindrical,3,000 PSI
Filter, Aircraft Hydraulic Line Type, 3,000 PSI
Hose Assembly, Detachable End Fitting, Medium Pressure
Hose Assembly, Rubber, Hydraulic (3,000PSI), Flared Tube
Adapter, Straight,Tube to Hose
Fitting End, Attachable,Hydraulic High PressureHose (3,000PSI),
Flareless Tube
Hose Assembly, Hydraulic High Pressure (3,000PSI) FlarelessTube
Valve, Check, Controllable,Rotary-Action,Hydraulic, 3,000 PSI
Type 11 Systems
Valve, Check, Hydraulic, Internal Ports, 3000 PSI, Type II
Systems
Valve, Shuttle,Hydraulic, Direct Mounting, 3,000 PSI, Type II
Systems
Valve, Shuttle,Hydraulic, Internal-Thread,Tube Fitting Outletj
3,000 PSI, Type 11 Systems
Valve, Check, Controllable,Plunger-Type,Hydraulic, 3,000 PSI,
Type 11 Systems
Valve, Check, Hydraulic, Flared 3000 PSI, Type 11 Systems
Retainer, Packing Backup, Single Turn, Tetrafluoroethylene
Packing, Preformed,Hydraulic,+275°F (“O” Ring)
Scraper, Piston Rod
Washer, Aircraft Hydraulic Pecking Back-Up
Packing, Preformed,StraightThread Tube Fitting Boss
Retainer, Packing, Back-Up, Teflon
Ring, Gasket, Back-Up, Teflon
Valve - ControllableHydraulic Check, RotatingAction, 3000 PSI
Valve - Hydraulic,DirectionalControl, Slide Selector4 Way,
3000 PSI
Valve, Aircraft Hydraulic Flow Regulator
Valve, Air, High-PressureCharging
Valve, 3,000 PSI Hydraulic Chec!c,Flareless,Type 11 Systems
Valve, Hydraulic Relief, Cylindrical,Type II Systems
Filter, Fluid, Pressuue,Hydraulic Line, 3000 PSI, Absolute
15 Micron, Style A, By Pass, 275°F
Filter, Fluid, Pressure,Hydraulic Line} 3000 pSI~ Absolute 15
Micron, Style B, Non By Pass, 275°F
Filter Element, Fluid, Pressure,Hydraulic Line, 3000 PSI,
Absolute 15 Microns, -65°F to +275°F
Felt Strip, Packing Gland
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MS33514 Fitting End, Standard Dimensions for Flareless Tube Comection
and Gasket Seal

MS33515 Fitting End, Standard Dimensions for Bulkhead FlarelessTube
Connections

MS33524 RecommendedPort Sizes for Hydraulic Pumps (Aircraft)
MS33540 Safety Wiring and Cotter Pinning, General Practices for
MS33649 Bosses, Fluid Connection - Internal Straight Thread
MS33675 Scraper, Installation,Packing Gland Ring

Air Force-Navy Aeronautical

AN742
AN814
AN871
AN893
AN901
AN924
AN937
AN938
AN939
AN941
AN6204
AN6227
AN6230
AN6235
AN6236
AN6237
AN6238
AN6240
AN6245
AN6247
AN6280
AN6289
AN6293
AN6294
AN6295
AN6296
AND1OO67
AND1OO74
AND101O4

AND10313

Clamp, Plain, Support, Loop-Type,Aircraft
Plug and Bleeder - Screw Thread
Flange - Straight Thread Boss Welding
Bushing - Screw Thread Reducer
Gasket - Metal Tube Connection Seal
Nut, Plain Hexagon, Tube, Bulkhead and Universal Fitting
Cross - Internal Screw Thread
Tee - Internal Screw Thread
Elbow - Internal Screw Thread, 90°
Elbow - Internal Screw Thread, 45°
Valvej Hydraulic Bleeder
Packing, “O” Ring Hydraulic
Gasket, “O” Ring Hydraulic
Filter Element - Hydraulic ReplaceableMicronic Line Type
Filter Element - Hydraulic ReplaceableMicronic Reservoir Type
Filter Element - Hydraulic ReplaceableMicronic Vent Type
Gasket - Hydraulic ReplaceableReservoirType Filter Element
Filter - Hydraulic ReplaceableElement Vent Type
Valve-HydraulicThermal Expansion Relief
Valve, ControllableHydraulic Check (RotatingAction)
Valve - 3000 PSI Hydraulic Check Internal Ports
Nut “ Flared Tube Universal Fitting
Valve, 4-Way Rotary Selector, 3COO0 PSI, Non-Interflow
Valve, 4-Way Rotary Selector, 3,000 PSI, Interflow
Regulator - 10 GPM Hydraulic Pressure
Valve, ControllableCheck, Plunger-Type,3,000 PSI
Valve Installation- Hydraulic Bleeder (StandardDimensions for)
Boss Spacing - Hydraulic
Tubing2 Steel, Corrosion-Resistant,Round, Standard Dimensions
for
Relief Valve InstallationClearance - Hydraulic
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SPECIFICATION ANALYSIS SHEET I FonrI Approved
Budget Bureau Flo. 22-R255

INSTRUCTIONS:This sheet is to be filled out by personnel, either Government or contractor, Involved in the
use of the specification in procurement of products for ultlmate use by the Department of Defense. This sheet
is provided for obtaining information on the use of this specification which will insure that suitable products
can be procured with a minimum amount of delay and at the least cost. Comments and the return of this form
will be appreciated, Fold on lines on reverse side, staple in corner, and send to preparing activity. Comments
and suggestions submitted on this form do not constitute or imply authorization to waive any portion of the
referenced document(s) or serve to amend contractual requirements.

SPECIFICATION

ORGANIZATION

CITY AN OS TATE CONTRACT NuMBER

MATERIAL PROCURED UNOER A

o OIRtSCT GOVERNMENT CONTRACT n SUBCONTRACT

1. HAS ANY pART OF THE SPECIFICATION CREATED PROBLEMS OR REQUIRED INTERPRETATION IN pROCURE-
MENT USE?

A, GIVE PARAGRAPH NUMBER AND WORDING.

B. RECOMMENDATIONS FOR CORRECTING THE DEFICIENCIES

2. COMMENTS ON ANY SPECIFICATION REQuIREMENT CONSIDERED TOO RIGID

3. IS THE SPECIFICATION RESTRICTIVE?

OYES O NO fZf ““yea”, h what way?)

4. REMARK (Attach any partinenf data which may b. of uee in Improvin& this specification. I! there are additional peperm,
attati to form ●nd place both tn ●n ●nvelope addreeeed to $ueparind activity)

SUSMITT ED BY (l%inted or typed name and activity - OptkMIal) OATE

ID MYLM26
—

REPLACES EDITION OF \ 0C7 04 WHICH MAY DE USED.
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