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MIL-T-5522D

30 Sep 1975
Superseding

MIL-T-5522C
25 March 1966

MILITARY SPECIFICATION

TEST REQUIREMENTS AND METHCDS FOR
AIRCRAFT HYDRAULIC AND EMERGENCY
PNEUMATIC SYSTEMS

This specification Is approved for use by all Depart-
ments and Agencies of the Department of Defense.

1. SCOPE

1.1 This specification establishes requiremeats for tests and
methods for the testing of aircraft hydraulic systems designed in accordance
with requirements of MIL-H-5440, MIL-H-8891, and of aircraft pneumatic
systems designed in accordance with requirements of MIL-P-55138.

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue {n effect on date of
invitatton for bids, or request for proposal, shall form a part of this speci-
fication to the extent specified herein:

SPECIFICATIONS

Military

MIL-H-5440 Hydraulfc Systems, Aircraft, Types land O
Design, Installation and Data Requirements For

MIL-P-5518 Pneumatic Systems, Aircraft Design, Installa-
tion and Data Requirements For

MIL -D-8708 Data, and Tests, Engineering: Contract Re-
quirements for Aircraft Weapcn Systems

MIL-F-8785 Fiying Qualities of Plloted Airplanes

FSC 1850
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SPECIFICATIONS
Military (Cont’d)
MIL-H-8891 Hydraulic Systems, Manned Flight Vehicles,
Type III, Design, Installation, and Data
Requirements For
MIL-B-8584 Brake Systems, Wheel, Aircraft, Design Of
STANDARDS
Military
MIL-STD-810 Environmental Test Methods

PUBLICATIONS

Navy Department Specification

SD-24 General Specification for Design and
Construction of Aircraft
Vol. 1 Fixed Wing Aircraft
vol. O Rotary wing Aircraft

AFSC DH 2 Crew Stations and Passenger Accommodations

{(When requesting applicable documents, refer to both title and number.
Copies of unciassified documents may be obtained from the Commanding
Officer, Naval Supply Depot (Code 1051), 5801 Tabor Avenue, Philadelphia,
Pennsylvania 19120, Requests for copies of classified documents should be
addressed to the Naval Supply Depot, via the cognizant Government Inspector.)

3. TEST REQUIREMENTS - NEW AIRCRAFT - One or more of a new
series of aircraft must complete the following tests before first flight. If
an aircraft simulator is not available, the simulator tests must be performed

on the aircraft. Test requirements vs. test methods are tabulated in
Figure 1,
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3.1 Simulator Tests - All simulator tubing and component
installations shall be identical to those in the first flight vehicle as is practi-
cal. (All titanium tubing shall be prestressed as specified in MIL-H-5440.)

3.1.1 Proof pressure testing of simulator hydraulic systems shall
be performed with components installed. System shall be tested to the re-
quirements of MIL-H-5440 or MIL-H-8891 as applicable.

3.1.2 System functional test shall be performed on the simulator to
insure that the systems and subsystems meet the design objectives. All
normal operating requirements including emergency operations must be
demonstrated in their most adverse condition.

3.1.3 A failure mode and effects test shall be conducted prior to
first flight to evaluate the failure modes which are critical from a safety
point of view or whose effects are unpredictable from the failure mode and
effects analysis.

3.1.4 Mission profile test shall be performed to demonstrate that
all normal missions can be satisfied. This test would include start-up, taxi,
take-off, climb-out, cruise, mission maneuvering, return flight, landing,
taxi, park, and shut-down.

3.1.5 Vibration survey shall be made on the simulator to insure
that no detrimental resonant conditions exist induced by the hydraulic system.

3.1.6 Pressure survey shall be performed on the simulator to verify
that system pressure peaks do not exceed design specification requirements.

3.1.7 Pump ripple test shall be performed to insure that no
resonance ripple frequencies, created by any device, cause detrimental and
destructive effects to the hydraulic system or aircraft. All normal speed
ranges of the pump or other ripple generating device must be investigated.

3.1.8 System temperatures shall be monitored on the simulator to
validate the analytical data, Deviation to predicted temperatures must be
investigated and resolved, Extreme limits of the temperature envelope shall
be tested by allowing the system temperature to rise to simulator limits and
then extrapolating data to the extremes of the flight envelope.
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3.1.9 Post test inspection shall be conducted to determine condition
of system at the conclusion of each test. Data such as temperature, fluid
level, accumulator pressure, quantity of dissolved air, air bottle pressure
etc. shall be noted. Deviation to predicted values shall be investigated and
resolved.

3.1.10 Engine Compatibility Tests - Engine mounted hydraulic
components and systems shall demonstrate their compatibility with related
engine operaiion on simutaiors such as engine test stand, air inlet coniroi
test stand, thrust reverser test stand, ete,

3.2 New Aircraft Ground Cart Test - All systems operable

through ground test connections shall be demonstrated during this test.

3.2.1 Proof pressure of aircraft hydraulic system shall be performed
with components installed. System shall be tested to the requirements of
MIL-H-5440 or MIL-H-8831 as applicable.

1

3.2.2 Functional tests shall demonstrate satisfactory operation of

all systems and their compatibility with designated ground carts.

3.2.3 Pressure survey shall be performed te determine that system
pressure peaks [rom ground cart operation do not exceed design specification
requirements,

3.2.4 Pump ripple tests shail be performed to ingure that no resonant
ripple frequencies created by ground cart operation cause detrimental and
destructive effects to the hydraulic system or aircraft. All normal speed
ranges of the generating device must be investigated.

3.2.5 A post test ingpection shall be made to determine any leakage
or damage to components, lines, structure, etc.

3.3 Alreraft Varidrive Operation - Varidrive driven pumps shall
be installed in approximately the norma! pump position in the aircraft. This
test shall demonstrate normal operation of the aircraft system with engine

driven pumps.

3.3.1  Functional test shall test the start, all engine RP)M ranges, and
shut down. All systems shall be operated thru all normal and emergency
modes.
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3.3.2 Mission profile and [ailure mode *es s enumerated in para-
graph 4.3.2 as a2 minimum shall be performed on the aircraft to demonstrate

that safety of flight will not be endangered.

3.3.3 A vibration survey shall be conducted to determine if any
unusual induced vibration modes exist from the hydraulic system and
structural combinaticn.

3,.3.4 Pressure survey shall be performed to determine that system
pressure peaks from varidrive driven pumps do not exceed design specifi-
cation requirements,

3.3.5 A pump ripple test shall be performed to insure that no
resonant ripple frequencies, created by any device, cause detrimental and
destructive effects to the hydraulic system or aireraft. All normal speed
ranges of the pump or other ripple generating device must be investigated.

3.3.6 Determine if system temperatures are within temperature
limits specified by contractor.

3.3.7 A post test inspection shall be made to determine any leakage
or damage to components, lines, structures, ete,

3.4 Aireraft Engine Operation - Aircraft engine power shall be

used to demonstrate the operation of all hydraulic systems.

3.4.1 Functional tests shall demonstrate satisfactory operation of
all systems except landing gear or other subsystems that cannot be safely
demonstrated on the ground.

3.4.2 A vibration survey shall be conducted on critical areas that
are instrumented for flight testing.

3.4.3 System temperatures shall be monitored to verify analytically
predicted temperatures., High temperature areas require continuous moni-
toring during engine operation on the ground.

3.1.4 A pump ripple test shall be performed to insure that no
resonant ripple frequencies, created by any device, cause detrimental and
destructive effects to the hydraulic system or aircraft, All normal speed
ranges of the pump or other ripple generating device must be investigated.
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3.4.5 A post test inspection shall be made to determine any leakage
or damage to components, lines, structures, ete.

3.5 Aircraft Flight Test - Flight test shall be in accordance with
appropriate Military Specification (See Sec. 2.0) and performed as required
by par. 4.5. Pre-flight and taxi tests ghall be conducted in accordance with

4.5.1 and 4. 5.2 to insure that the alreraft {g sultable for flight.

J.5.1 Functiona) Tests - These tests shall demonstrate that ali
subsystems function within the extreme iimits of the flight envelope for which
the system was designed; i.e., landing gear retraction at maximum gair speed
for which system was designed. Back-up systems shall demonstrate their
designed capability; {.e., emergency landing gear, flaps, flight controls, etc.

3.5.2 Flight test failure modes - Simulated failure mode tests shall
be performed to demonstrme adequacy of the redundant and/or back-up
systems.

3.5.3 Flight Capability - Critical flight-envelope to which the system
s designed should be flown to validate the system design Normal flight

nmermloaman nhassld s flac.ee seaal .. [ 2 N P S R S — . PAF . e Py
CUVEIUYPE JUUVUIU UT LW t:;ux_y lllsut WO PDLUKTALD I-U V!:l lly I.l ulb uc :“'5"
3.5.4 Vibration - Critical areas should be instrumented and

monitored during ali flight testing. Critical areas are determined from
simulator and engine testing.

3.5.5 System temperatures shall be monitored to verify analytically
predicted temperatures. High temperature areas require continuous moni-
toring duriag aircraft critical flight envelope.

3.5.6 Peak pressure shall be monitored during various flight tests,
Areas of the system shown to be critical during simulator or other ground
testing shall be instrumented for continuous surveillance.

3.5.17 Post test inspection of the aircraft after each flight {or teaks,
damage, or failures shall be conducted. All anomalies shall be cleared
before next flight.

3.8 Data Submittal and Approval. Data submittal and approval
requirements for a specific model aircraft wiil be covered by a contract
with the appropriate procuring activity. Typlcal information and data re-
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quired are listed in 5.2. The data shall be furnished in accordance wit
MIL-D-8706 or in accordance with appropriate line items of the Contractor
Data Requirements List (DD Form 1423), as applicable.

/2]

4., TEST METHODS

4.1 Simulator Tests ~ These tests shall be conducted in accordance
with the appropriate specification (see Sec. 2.0) and the requirements of
paragraph 3.1,

The following ground support equipment shall be utilized:

a) Hydraulic test stand - Ground hydraulic carts or equivalent
power sources shall be available to supply sufficient pressure to perform the
proof pressure tests and also sufficient flow to move surfaces to alternate
positions.

' b) External electric power supply - Aircraft eiectrical power shaii
be supplied by a ground cart or equivalent power source.

c) Air Conditioning - Air conditioning shall be supplied to cool
aircraft electronics during the tests. One NR-5B or equivalent ground air
conditioning cart shall also be provided to be used as required to cool aircraft
hydraulic systems.,

dy Switch boxes or otk

RAVF BB il WA WA

r special equipment - Special equipment

LI e T W R In

e
shall be provided as necessary to perform all required operations.

The Simulator shall be placed in the following condition:

e) Simulator servicing - Reservoirs shall be serviced, accumula-
tors charged, and all systems operable.

fi Simulator electrical power system - Verify all power is con-
nected and all switches in their proper positions.

g) Hydraulic system subsystem configuration - Position all
systems to their proper positions.

4,1.1 Proof Pressure Test - Proof pressure as specified in 3.1.1
shall be applied to the hydraulic system to prove the integrity of connections
at each component, Pressure shall be sustained for at least five minutes.
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After Inspection for failures or leaks system pressure shall be restored to
normal pressure. All systems shall be placed in their alternate position and
proof pressure applied agafn. After system hag been [ngpected return simula-
tor to its original condition.

4.1.2 System Functional Tests - When conducting these functional
tests the systems shall be configured in the following manner:

a) Simulator power supply - equipment for simulator - The test
stand (containing the pumps) shall be identfcal, and connected, to the aircraft
system {n a like manner to the actual power system in the aircraft, All
special test equipment shall be installed and system modifications, if any,
completed. Hydraulic system shall be adequately bled of entrapped air, and
reservoir(s) filled to their specified level with applicable hydraulic fluid. All

-accumulators shall be properly serviced and the entire gystem, components,

and attached linkages and mechanisms properly adjusted. Pneumatic systems
shail be properiy lubricated, wiih all sysiem components and atiached iinkages
and mechanisms properly adjusted.

b) Test equipment for simulator - The following test equipment
shall be installed on the simulator:

(a) Pump(g) equal in type and quantity to those normally used in
the aircraft system.

{b) Variable speed drive(s) equipped with tachometer(s).

(¢) Lines identical to the aircraft installation shall be used to
connect pump to system.

{¢) Callbrated pressure gages (mechanical or electronic),
flowmeters, and other miscellaneous equipment as
necessary.

(e} Suitable temperature-indicating equipment,

c) Separate systems - If the aircraft is designed to incorporate
two or more separate systems provisions shall be made to operate the systems
io their proper relationship with each other.
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d) Artificial loading - If artificial loading of any service is
necessary, such as wing flaps, air brakes, surface control boost or power
systems, etc., adequate provision to accomplish such loading should be
installed and calibrated. Simulation of preloads of doors and closures to
structure in aircraft is required. Unsymmetrical loading is required during
synchronized testing.

e) Reservoir pressure - Reservoir pressurization shall be
identical to aircraft installation. Pressurized air can be substituted for
engine bleed air.

4.1.2,1 Normal system test - Normal system pressure shall be
applied to the entire hydraulic system, and each selector and control valve
shall be operated for at least two complete cycles of its corresponding
service, In addition, each control unit shall be operated through an in-
" complete half cycle, followed by a complete reversal of direction. Definition -
A cycle is interpreted to mean the full travel of a service from down (closed)
to up (open) and return to original down (closed). A half cycle illustration
would be a landing gear from down to up.

The above operations shall be accomplished through both
ions of operation. During the above operations, inspection shall be

etermine whether:

o
[= ]
[=H

(a) The various functions are accomplished satisfactorily in
accordance with specification requirements.

(by The movement of all components is smooth and positive,

() Relief valves, devices for automatic termination of an
operation, pressure controls, switches and signals,
audible or other warning devices, and similar components
function as intended. (Relief valves shall not by-pass
fluid during normal operation of any component).

(dy All indicating devices function and synchronize with the
movement of their respective component as specified.
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not exceeded, This may need to be determined at only
one or at numerous locations in the system, but should
not receive major consideration at any point where un-
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rgg,![sl_’.!c pressures are obtained on ground test as compared
o entirely different pressures in fllght conditions, unless
the unrealistic pressures exceed design proof pressures
or will adversely affect the system during operational use.
Pressures may be obtained by normal system pressure
gages, auxiliary mechanical gages, or electronic equip-
ment ag applicable. (Due consideratfon shall be given to
this item and the type of equipment to be used, in preparing

the teat procedure. See 5.3.1.)

All tubing and fitting joints and component external seals
are free of leaks. Allowatle leakages of component ex-
ternal seals shaiil be defined by contractor test plan. (See
5.3.1.)

All fluid lines, fittings, and components are free from
excessive movement and chafing.

There is a full engagement of mechanical locks and latches,
and that hydraulic back pressure does not cause inadvertent
unlocking.

The clearance for all moving parts, where applicable,
throughout the entire range of movement is such that
fouling of adjacent parts cannot occur. (Particular atten-
tion shall be given to flexible connections to insure that
pinching or stretching does not occur.)

Simulated normal flight operating conditions, or any
possible inadvertent operation, will cause system mal-
function.

Values of operating temperatures and ambient temperature
should be noted.

4.1.2.2 Fluid Level -~ The following reservoir conditions shall be
demonstrated as part of the simulator tests:

(a)

Low level - The fluid in the reservoir(s) shall be set to

the lowest permissibte Indicated ievel, and all the gas
charge removed from the argest accumulator in the system
and a minimum gas charge in ali others. Reservoir

11
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pressurization, if applicable, should be set to the low limit
of the normal pressurization range. The controls should
then be operated at least once through the normal sequence
of operations. The control valves should be set to =imulate
normal flight operation, whereby the minimum amount of
fluid is returned to the reservoir. For "gas to fluid in
contact" type reservoirs, the pump suction line opening
shall be checked for any possibility that the opening has
been uncovered and air introduced into the system. 'Gas
fluid separation’! type reservoirs shall be checked to
determine that the pump inlet pregsure will not be less
than the recommended minimum values. A simulation of
an inverted flight condition or zero "g'" shall also be in-
cluded, if applicable.

(by Overfill test - Reservoir shall be filled to overflow condition,
A normal sequence of gperation from taxi, take-off, landing,
to park and shut down shall be simulated. Damage to
reservoir or other components shall be noted. Fluid loss
to the extent of the overfill {3 allowed.

4.1.2.3 Hand or auxiliary pump operations - Where hand pump, or
auxiliary pump operation are applicable, the test stand should be disconnected
and each service must be operated through at least one complete cycle. Any
applicable items recorded or inspected under paragraph 4.1.2.1 should be
duplicated herein, (In addition, any inadvertent fluid transfer between
reservoirs, if applicable, should be noted for necessary correction), The
number of cycles of hand pump operation required for functioning with each
part of the system shall be recorded. The amount of this force shall be
measured with a spring scale and recorded. (Care shall be taken in this test
not to overheat electric motors driving pumps if such motors are not of the
continucus duty type).

4.1.2.4 Emergency operations - All emergency operations (mechanical
or ptherwise) shall be tested upon thoge items normally to be operated by the
bydraulic or pneumatic systems. Comments shall be made concerning the
maintenance necegsary to bleed or reset the system to normal operating

conditiong, including racharoing of air hottlag, etoe n tha naca of surfaca
congdgiiions, 1nciud Clng recharging ol alr oolties, eic. Lige gase o1 suriace

control boost or power systems which automatically revert from main
system pressure to emergency system pressure, main system pressure
shall be reduced in the most detrimental manner, allowing the emergency
pressure to automatically take over. System shall be inspected for smooth,
continuous operations during the changeover. If the emergency provision

12
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consists of dual systems that simultaneously operate an aircraft service, each
gystem shall be operated with the opposite system inoperable (simulated) and
the applicable service actuated. The actuated service shall function within
design requirements at its most severe operating condition (e.g., lowest

air bottle pressure).

4.1,2.5 Time of operation - Requirements for measuring the elapsed
time of operation for full or falf cycles in the foregoing test procedure shall
be made. Such a measurement during ground tests is desirable and necessary
in some services. The time as measured on the ground is uarealistic due to
lack of wind, inertia, and similar loads. However, this item is to be con-
sidered {n the preparation of the test procedure for comparison with pro-
duction aircraft. )

4.1.2.6 Brake systems - Where Type [V brake systems (as defined by
MIL-B-8584) are installed, the following tests shall be performed:

(a) Normal system - Tests shall include a minimum of 25
rapid pumping operatlons of each brake pedal, with and
without hydraulic power, to agsure satisfactory brake
operation under these conditions.

(b) Emergency system - Demonstrate that the required
emergency operations are available.

4.1.3 Failure Mode Tests - Fallure mode tests for the simulator
shall evaluate the hydraulic system's capabflity to cope with all the following
specified failures, Other failure modes shall be evaluated as determined
during development of the aircraft.

(a) Loss of fluid in any system

(b) Loss of fluld pressure in any system

(¢) Fluctuation of fluid pressure in any system
(d) Effect of air in the hydraulic system

(e) Loss of accumulator pressure

({3 Simulated combat damage capability as defined in
aircraft specification

13
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() Engine shut down

(h) Operation of all emergency procedures
(iy Failed relief valve or failed pump compensator

4.1.4 Mission Profile Test - The hydraulic system simulator shail
operate in a procedure that resembles all the anticipated mission profiles.
Mandatory tests are as follows with additional tests being added to demon-

strate capability in more difficult mission profiles.
(a8) Take-off - maximum speed mission intercept - landing

(b Maximum time at idle and taxi, return to flight line and
shut down. (No flight mode)

{¢y  Normal migsion, Take-off, flight [andin

IMDIIASL ITRARSiid., - Y 1l 21ipiey Qaaasliil

(d) Turbulent weather conditions. ' ‘(constant control actuation)

(i High altitude flight
(g) Zero "g" if applicable (may be demonstrated by special test)

4.1.5 Vibration Survey - During the operation of systems, visual

tramant data shall ha frnllantad nn linse and namnannant {nnfa"nf{nnu
Th MALMY LS WUV LE JIMALL W WSl Wik WA AAMANen]) Rl HUquGu‘ AUUDWOLAGWLLILE

to ascertain the levels of acceleration forces induced in the hydraulic
system by the different modes of operation. Particular attention must be
paid to those areas of rotation components and those systems having high

|na1-|'in lnarlu Tn additiAn h{dh F'!"nﬂ 1anawr nunl{n innn"e faa ATHYT avatawms
IO via iV i Aulivaviy e wa WuiTilivy VY™ L lad ad wa SYySweal

and flight control system) must be reviewed carefully.

4.1.6 Pressure Survey - Tests shall be performed to measure peak

heudranlis gvgtem pragsgures nnn'h as those nnrlnnarl 'I"nr l-nnl\ awina lnade and
AEY \d BAN WF T uFwie dAA H‘v u AAIGLHLB AVICARAT iAW)

rapid system reversals, as in landing gear systems, etc, The test shall be
conducted under the most adverse realistic mode of operation.

A1 7 Dl'lmn Pinnla Taate = Tha mavimiuim oftraccas tndinnad fabea
e A 0 bt o lut.l !G &= h‘lli L I.IU ulmuxuul DA CTOoOO000 1UWWWUWTW LLIWY
lines and components as a result of any pressure ripple producing component

14
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in the system shall be measured. The procedure must cover all pump speed
ranges and multiple pump operation including start and stop to insure that no
detrimental pressure pulsations exist {n the hydraulic system. Resonant
conditions must be tested for sufficient periods at each resonant frequency to
ensure that the system has adequate fatigue life.

4.1.8 System Temperature Tests - System temperature tests shall
be performed to compare the actual operational temperatures with the
analyticaily predicted temperatures. All mission profiles shall be performed
and moaitored. Comparisons shall be made for each mission simulation.
These tests may be coordinated with the mission profile tests, para. ¢.1.4.
4.1.9 Post Test Ingpection Tests - An inspection is required after
each formal test. Data shall be recorded noting the conditions of the hydraullc

gsysteam. The followiag minimum data must be taken {mmediately after shut
down and compared with initial or predicted values,

{a) Syst_em temperatures

(b) Regervoir {evel

(¢) Filter button position

(d) Accumulator gas charge

(e} Brake system coadition

( Position of all actuators

(8) Leakage noted

(b) Fllter bowl contents

() Contaminatioa level of fluid

() Pressure and temperature in air bottles

(k) List of apomalies that occurred and disposition
4.1.10 Engine Compatibility Tests - When conductiag compatibility

tests of hydraulic components and systems with related engine functions,
simulators and test stands shall be coanfigured as follows:

&

15
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(a)

(b)

(€)
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Line runs on the er ine shall be identical to the aircraft
including clamp loc .tion and hardware. Line runs from the
engine to aircraft = .ructure shall be simulated insofar as {s
practical.

Only aircraft hydr: ..lic components shall be used. Engine
mounting shall be i "entical to the aircraft.

The method of pro+.ding reservoir pressurization shall be
identical to the aix r~aft,

4.1.10.1 During the performar 2 of tests the following shall be

determined:

()

(b)

(c)

(9

Temperature data .n the entire hydraulic system shall be
collected with particular attention paid to engine mounted
lines and compone . 3,

Line and component vibrations shall be recorded to ascertain
the levels of acce! ration forces induced in the hydraulic
system by the diff -ent modes of operation.

Pump flows, temg :ratures, and pressures shall be
monitored.

All failures shall i:e reported and the cause of failure
analyzed. Component and fitting leakage shall be determined.
Temperatures shall not exceed allowable maximums.

4,2 Aircraft Ground Cart Test - These tests shall be conducted

in accordance with appropriate Military Specification (See Sec. 2.0) and the
requirements of paragraph 3. 2.

The following ground iest equipment configuration shall be

utilized:

(a)

16

Hydraulic test staad ~ Ground hydraulic carts shall be
available to suppl: sufficient pressure to perform the proof
pressure and alsc sufficient flow to move surfaces to.
alternate position.
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() Externa! electric power supply - Aircraft electrical power
shall be supplied by a ground cart or equivalent power
source,

(c) Air Conditioning - Alr conditioning shall be supplied to
cool alrcraft electronics during the tests. Oune NR-5B or
equivalent ground air conditioning cart shall also be pro-
vided to be used as required to cool aircraft hydrauiic
gystems.

(d) Switch boxes or other special equipment - Special equip-
ment shall be provided as necessary to perform all
required operations.

(e) Jacks - Suitable jacks shall be available to raise the
aircraft, as required by the test,

The aircraft shall be placed in the following conditions:

() Alrcraft Servicing - Reservoirs shall be serviced, ac-
cumuistors charged, and aii systems operabie.

(g) Electrical power system - Verify all power is connected
and all switches in their proper positions.

(h) Hydraulic system subsystem configuration - Position all
systems to their proper positions.

4.2.1 Proof Pressure Test - Proof pressure as specified in para.
3.2.1 shall be applied to the hydraulic system to prove the integrity of
connections at each component., Pressure shall be sustained for at least
five minutes. After inspection for failures or ieaks, system pressure shail
be restored to normal pressure. All systems shall be placed in their
alternate position and proof pressure applied again. After system has been
inspected return system to its original condition,

4,2.2 System functional tests - Wheo conducting these functional
tests the designated ground cart shall be attached to the aircraft with the
shortest practical lines and the systems shall be configured as {ollows:

(a) Configuration - Hydraulic system shall be adequately bied
of entrapped air, and the system and reservoir(s) filled

17
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to their specified level with applicable hydraulic fluid. All
accumulators shall be properly serviced and the entire
system, components, and attached linkages and mechanisms
properly adjusted. Pneumatic systems shall be properly

lubricated, with all system components and attach linkages

nnrl mechanigems nronerly c:rhnc:fnﬂ Thn airnraft qhall he

MeCOadliSing pIOpeily aljusiol, all'Lr'dil Silall
L ¥ vy

suitably elevated and safely anchored in place to permit full
operation of all hydraulically or pneumatically operated
services or units. .

{by Test equipment - The following test equipment shall be
installed on the aircraft,

Calibrated pressure gages (mechanical or electronic), flow-
meters, and other miscellaneous equipment as necessary, Suitable tempera-
ture-indicating equipment if artificial loading of any service is necessary,
such as wing flaps, air brakes, surface control boost, or power systems, etc.,
adequate provision to accomplish such loading should be installed and calibrated.

4.2.2.1 Normal system test - 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 its corresponding service. In addition,
gach control unit shall be operated through an incomplete half cycle, followad
by a complete reversal of direction. Definition - A cycle is interpreted to
mean the full travel of a service from down (closed) to up (open) and return
to original down (closed). A half cycie illustration would be a landing gear
from down to up.

The above operation shall be accomplished through both
directions of operation. During the above operations, inspection shall be
made {o determine whether:

(a) The various functions are accomplished satisfactorily
in accordance with gpecification requirements.

(b} The movement of all components is smooth and positive.

(¢y Relief vaives, devices for automatic termination of an
nnprating pressure Dnntrnlq, switches and ql:mnlq

audible or other warning devices, and similar components
function as intended. (Relief valves shall not by-pass fluid
during normal operation of any component),
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All indicating devices function and synchronize with the
movement of thelr respective component as specified.

The specified functioning pressures are controiled and

not exceeded. This may need to be determined at only

one or at numerous locations in the system, but should

not receive major consideration at any point where
unrealistic pressures are obtained on ground test as
compared to entirely different pressures in flight condition,
unless the unrealistic pressures exceed design proof pres-
sures or adversely affect the system during operational use.
Pressures may be obtained by normal system pressure
gages, auxiliary mechanical gages, or electronic equipment
as applicable. (Due congideration shall be given to this
item, and the type of equipment to be used, in preparing
the test procedure. See 5.3.1.)

All tubing and fitting joints and component external seals
are free of leaks. Allowable leakages of component ex-
ternal seals shall be defined by contractor test plan. (See
5.3.1,)

All fluid lines, fittings, and compenents are free from
excessive movement and chafing.

There i3 a full engngement of mechanical locks and latches,
and that hydraulic back pressure does not cause inadvertent
unlocking.

The clearance for all moving parts throughout the entire
range of movement i5 such that foullng of adjacent parts
cannot occur. {Particular attention shaill be given to
flexible coanections to insure that pinching or stretching
does not occur}.

All hydrauiically or pneumatically operated doors and
closures are flush with surrounding surfaces within
limits provided by approved contractor's drawings for
cloged position,

The movement of flaps is s
aso-load condition and there is
Unsymmetrical loading is required during synchronized
testing.

yach
n
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(ly Simulated normal flight operating conditions, or any
possible inadvertent operation, will cause system
malfunction.

(m) Values of operating temperatures (if applicable) and
ambient temperature should be noted.

4.2.2.2 Fluid level - The following reservoir conditions shall be
demonstrated as part of the functional tests:

ta) Low Level - The {luid in the reservoir(s) shall be set to
the lowest permissible indicated level, and all the gas
charge removed from the largest accumulator in the
system and a minimum gas charge in all others.
Reservoir pressurization, if applicable, should be set to
the low limit of the normal pressurization range. The
controls should then be operated at least once through the
normal sequence of operations. The control valves should
be set to simulate normal flight operation, whereby the
minimum amount of fluid is returned to the reservoir. For
"gag to fluid in contact” type reservoirs, the pump suction
line opening shall be checked for any possibility that the
opening has been uncovered and air introduced into the
system. ''Gas fluid separation'' type reservoirs ghall be
checked to determine that the pump inlet pressure will not
be less than the recommended minimum values. There is
no counterpart of this test for pneumatic systems.

(by Overfill Test - Reservoir shall be filled to an overflow
condition. A normal sequence of operation from taxi,
take-off, landing, to part and shut down shall be simulated,
No damage to reservoir or other components shall be noted.
Fluid loss to the extent of the overfill {s allowed.

4.2,2.3 Hand or auxiliary pump operations - Where hand pump, or
auxiliary pump operations are applicable, each service must be operated
through at least one complete cycle. Any applicable items recorded or
inspected under para. 4.2.2.1 should be duplicated herein. The number of
cycies of hand pump operation required for functioning with each part of the
system shall be recorded. Where the force required to operate the hand
pump appears to be excessive, the amount of this force shall be measured
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with a spring scale and recorded. Care shall be taken in this test not to
overheat electric motors driving pumps if such motors are not of the con-
tinuous duty type.

4.2.2,4 Emergency Operations - All emergency functions normally
operated by bydraulic systems shaill be tested. Maintenance necessary to
bleed or reset the system to normal operating conditions, including re-
charging of afr bottles, etc., shall be recorded. In the case of surface
control boost or power systems which automatically revert from main
gsystem pressure to emergency system pressure, main system pressure
shall be reduced in the most detrimental manner, allowing the emergency
pressure to automaticaily take over. System shall be inspected for smooth,
continuous operation during the change-over. If the emergency provision
consists of dual systems that simultaneously operate an aircraft service,
each system shall be operated with the opposite system inoperable (simulated)
and the applicable service actuated. The actuated service shall function
within design requirements at its most severe operating condition (i.e.,
lowest air bottie pressure).

4.2.2.5 Time of Operation - Requirements for measuring the elapsed
time of operation for full or haif cycles in the foregoing test procedure ghall
be made. Such a measurement during ground tests 1s desirable and neces-
sary in some services. The time as measured on the ground i3 unrealistic
due to lack of wind, lnertia, and similar loads. However, this item i3 to be
congidered in the preparation of the test procedure for comparison with
production aircraft,

4,2.2.6 Brake Systems - Where Type [V brake systems (as deflned by
MIL-B-8584) are installed, the following tests shall be performed:

(a) Normal system - Test ghall include a minimum of 25
rapid pumping operations of each brake pedai, with and
without hydraulic power, to assure satisfactory brake
operation under these conditions.

(b} Emergency system - Demonstrate that the required
emergency operations are available,

4.2.3 Peak Pressure Test - Tests shall be performed to measure
peak hydraulic system pressures such as those induced by high {nertia loads
and rapid system reversals, as in landing gear systems, etc. The test shall
be conducted under the most adverse realistic mode of operation,
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4.2.4 Pump Ripple Tests - The maximum stresses induced into lines
and components as a result of any pressure ripple-producing component in
the system shall be measured. The procedure must cover all pump speed
ranges including start and stop to insure that no detrimental pressure pulsa-
tions exist in the hydraulic system. Resonant conditions must be tested for
extended periods at each resonant frequency to ensure that the system has
adequate fatigue llife.

4.2.5 Post Test Inspection - A post flight inspection is required after
each formal test., Data shall be recorded noting the conditions of the hydraulic
system. The following minimum data must be taken immediately after shut
down and compared with initial or predicted values.

(a) System temperature

(b) Reservoir level

(c) Filter button position

(d) Accumulator gas charge

(e) Brake system condition

(f) Positicn of all actuators

(&) Leakage noted

(h) Filter bowi contents

(i) Contamination level of fluid

(j Pressure and temperature in air bottlas

(k) Llst of anomalies that occurred and disposition

4.3 New Aircraft Varidrive Operation Test Method

The testa shall be conducted in accordance with the appropriate
Military Specification (3ee Sect. 2.0) and the requirements of paragraph 3.3
also with the following aircraft configuration and test equipment installed:
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(a) Aircraft Configuration - Varidrive - varidrive driven
aircraft pumps shall be Installed {n approximately the
normal pump position in the aircraft, Hydraulic system
shall be adequately bled of entrapped air, and the system
and reservolr(s) filled to their specified level with ap-
plicable hydraulic fluld. Aill accumulators shall be properly
serviced and the entire system, components, and attached
linkages and mechanisms properly adjusted. Pneumatic
systems shall be properly tubricated, with all system com-
ponents and attached linkages and mechanisms properly
adjusted. The aircraft shall be suitably elevated and safely
anchored in place to permit full operation of all hydraulically
or pneumatically operated services or units.

(by Test Equipment - Calibrated pressure gages (mechanical
or electronic), flowmeters, and other miscellaneous equip-
ment as necessary. Suitable temperature-indicating equip-
ment. If artificiat loading of any service {s necessary, .
such as wing flaps, air brakes, surface coatrol boost, or
power gystems, etc., adequate provisions to accomplish
such loading should be instailed and calibrated.

4.3.1 Functional Testing - Functional testing shall consist of the
following tests:-

4.3.1.1 Normal system test - Nominal system pressure shall be
applied to the whole installation, and each selector and coatrol valve shall be
operated for at least two complete cycles of {ts corresponding service. In
addition, each control unit ghall be operated through an {ncomplete half cycle,
followed by a complete reversal of direction. Definition - A cycle Ils inter-
preted to mean the full travel of a service from down (closed) to up (open)
and return to original down (closed). A half cycle {llustration would be a
landing gear from down to up.

The above operation shall be accomplished through both
directions of operation. During the above operations, inspection shall be
made to determine whether:

(a) The various functions are accomplished satisfactorily in
accordance with specification requirements.

(b) The movement of all components {s smooth and positive.
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valves, devices for automa
operation, pressure controls, switches and signals,
audible or other warning devices, and similar components
function as intended. (Relief valves shall not by-pass fluid
Adurineg naormal anaratinn of anv conmnonent A

during normal operation of any component.)

All indicating devices function and synchronize with the
movement of their respective component as specified.

The specified functioning pressures are controlled and not
exceeded. This may need to be determined at only one or
at numerous locations in the system but should not receive
major consideration at any point where unrealistic pres-
sures are obtained on ground test as compared to entirely
different pressures in flight condition, unless the unrealistic
pressures exceed design proof pressures or adversely
affect the system during operational use. Pressures may
be obtained by normal system pressure gages, auxiliary
mechanical gages, or electronic equipment as applicable.
(Due consideration shall be given to this item, and the
type of equipment to be used, in preparing the test pro-
cedure. See 5.3.1.)

All tubing and fitting joints and component external seals
are free of leaks. Allowable leakages of component external
seals.ghall be defined by contractor test plan. (See 5.3.1.)

All fluid lines, fittings, and components are free from
excessive movement and chafing.

There is a full engagement of mechanical locks and latches,
and that hydraulic back pressure does not cause inadvertent
unlocking.

The clearances for all moving parts throughout the entire
range of movement is such that fouling of adjacent parts
cannot occur. (Particular attention shall be given to
flexible connections to insure that pinching or stretching
does not occur),
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All hydraulically or pneumatically operated doors and
closures are flush with surrounding surfaces within limits
provided by approved contractor's drawings for closed
position,

The movement of [laps is synchronized under load acd no-~
load condition and there {8 no excess play (n the flaps.
Unsymmetrical loading is required during synchronized
testing.

Simulated normal flight operating conditions, or any
possible inadvertent operation, will cause system mal-
function.

Values of operating temperatures (if applicabie) and
ambient temperature should be noted.

4.3.1.2 Fluid Level - The following reservoir conditjons shall be
demoastrated as part of the functional tests:

(2)

(b)

Low level - ‘The fluid in the reservoir(s) shall be set to the
lowest permisgsible indicated level, and all the gas charge
removed from the largest accumuiator in the system and a
minimum gas charge in all others. Reservoir pressuriza-
tion, {f applicable, should be set to the low limit of the
normal pressurization range. The controls should then be
operated at least once through the normal sequence of
operations. The coatrol valves should be set to simulate
cormal flight operation, whereby the minimum amount of
fluid is returned to the reservoir. For ''gas to fluid in
contact" type reservoirs, the pump suction line opening
shall be checked for any possibility that the opening has
been uncovered and air introduced into the system. "Gas-
fluid separation' type reservoirs shall be checked to deter-
mine -if pump Inlet pressures approached below minimum
values. There is no counterpart of this test for pneumatic
systems. :

Overfill test - Reservoir shall be fliled to overflow condition,
A normal sequence of operation from taxi, take-off, landing,
to park, and shut down shall be simulated. No damage to
reservoir or other components shall be noted. Fluid loss

to the extent of the overfill is allowed,
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4,3.1.3 Hand or auxiliary pump operations - Where hand pump, or
auxiliary pump operations are applicable, each service must be operated
through at least one complete cycle. Any applicable items recorded or
inspected under para. 4.3.1.1 should be duplicated herein. In addition, any
inadvertent fluid transfer between reservoirs, if applicable, should be noted
for necessary correction. The number of cycles of hand pump operation
required for functioning with each part of the system shall be recorded.
Where the force required to operate the hand pump appears to be excessive,
the amount of this force shall be measured with a spring scale and recorded.
Care shall be taken in this test not to overheat electric motors driving pumps
if such motors are not of the continuous duty type.

4.3.1.4 Emergency Operations - All emergency functions normally
operated by hydrualic systems shall be tested. Maintenance necessary to
bleed or reset the system to normal operating conditions, including re-
charging of air bottles, etc., shall be recorded. In the case of surface
control boost or power systems which automatically revert from main
system pressure to emergency system pressure, special consideration shall
be given to suddenly reducing main system pressure allowing the emergency
pressure to automatically take over. The system shall be inspected for
smooth, continuous operation during the change-over. If the emergency
provision consists of dual systems that simultaneously operate an aircraft
service, each system shall be operated with the opposite system inoperable
(simulated) and the applicable service actuated, The actuated service shall
function within design requirements at its most severe operating condition
(i.e., lowest air boitle pressure).

4,3.1.5 Time of operation - Requirements for measuring the elapsed
time of operation for full or half cycles in the foregoing test procedure shall
be made. Such a measurement during ground tests is desirable and neces-
sary in some services. The time as measured on the ground is unrealistic
due to lack of wind, inertia, and similar loads. However, this item is to be
considered in the preparation of the test procedure for comparison with pro-
duction aircraft.

4.3.1.6 Brake systems - Where Type IV brake systems (as defined
by MIL-B-8584) are installed, the following tests shall be performed.

(a) Normal system - Test shall include a minimum of 25 rapid
pumping operations of each brake pedal, with and without
hydraulic power, to assure satisfactory brake operation
under these conditions,
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(b) Emergency system - Demonstrate that the required
emergency operations are available.

4,3.2 Mission profile and failure mode tests - These two tests shall
be conducted in accordance with the appropriaie Miiitary Specification (See
Sect. 2.0) and the requirements of paragraph 3.3. 2.

4.3.2.1 Mission Profile Tests - The hydraulic system shall operate
in a procedure ihat resembies ail the anticipaied mission profiles. Mandaiory
tests are as follows with additional tests being added to demonstrate capability
in more difficult mission profiles.

Fry
\a}

() Maximum time at idle and taxi, return to flight line and
shut down. (No flight mode.)

(¢) Normal missfon. Take-off, flight, landing

(d) Turbulent weather conditions, (Constant control

actuatiom
ARy u-tvu,

(e) Inverted flight (partial) if applicable. (May be demonstrated
by special test)

() High altitude flight

() Zero "g" if applicable (May be demonstrated by special
test)

(b) Loss of accumulator pressure

(1} Simulated combat damage capability as defined in aircraft
specification,

§) Engine shut down
(k) Operation of all emergency procedures

() Failed relief valve or failed pump compensator
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4.3.2.2 Failure Mode Test - Failure mode tests for the aircraft shall
evaluate the hydraulic system's capability to cope with all the following
specified failures as a minimum. Other failure modes shall be evaluated as
determined during development of the aircraft.

(a) Loss of fluid in any system

(by Loss of fluid pressure in any system

{¢y Fluctuation of fluid pressure in any system
(dy Effect of air in the hydraulic system

4,3.3 Vibration Survey - During the operation of systems, visual
and instrument data shall be collected on lines and component installations to
ascertain the levels of acceleration forces induced in the hydraulic system by
.the different modes of operation. Particular attention must be paid to those
areas of rotation components and those systems having high inertia loads. In
addition, high frequency cyclic Inputs (as AFCS system and flight control
system) must be reviewed carefully.

4.3.4 Peak Pressure Test ~ Tests shall be performed to measure
peak hydraulic system pressures such as those inducd by high inertia loads
and rapid system reversala, as In landing gear system, etc. The test shall
be conducted under the most adverse realistic mode of operation.

4.3.5 Pump Ripple Tests - The maximum stresses induced into
lines and components as a result of any pressure ripple producing com-
ponents in the system shall be measured. The procedure must cover all
pump speed ranges and multiple pump operation including start and stop to
insure that no detrimental pressure pulsations exist in the hydraulic system,
Resonant conditions must be tested for sufficient pertods at each resonant
frequency to ensure that the system hag adequate fatigue life. (Refer to
MIL-STD-810 for vibratior requirements.)

4.3.6 System Temperature - System temperature tests shall be
performed to compare the actual operational temperatures with the analyt-
icaily predicted temperatures. All mission profiles ghall be performed and
monitored. Comparisons shall be made for each mission simulation. These
tests may be coordinated with the mission profile tests, para. 4.3.2,1.
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4.3.7 Post Test Inspection - A post flight inspection is required
after each formal test. Data shall be recorded noting the conditions of the
hydraulic system. The following minimum data must be taken immediately
after shut down and compared with initial or predicted values.

(a)
(®)
(c)
()
(e
()
(8
(b)
U
Y
. (k)

System temperatures

Reservoir level

Filter button position

Accumulator gas charge

Brake system coandition

Position of all actustors

Leakage ooted

Filter bowl contents

Contamination ltevel of fluid

Pressure and temperature in air bottle

List of anomaliies that occurred and disposition

4.4 Aircraft Engine Operation Test - These tests shall be con-
ducted {n accordance with the appropriate Military Specification (see Sect.

2.0) and in accordance with Paragraph 3. 4; also with the {oilowing afrcraft
configuration and test equipment installed:

(a)

Alrcraft Configuration - The hydraulic system ghall be
adequately bied of entrapped air and the system and reservoir(s)
filled to their specified level with applicable hydraulic fluid.

All accumulators shall be properly serviced and the entire
aystem, components, and sttached iinkages and mechanisms
properly adjusted. Pneumatic systems shall be properly
lubricated with all system components and attached linkages

and mechanisms properly sdjusted. The aircraft shall be
safely anchored in place to permit full operation of hydraul-
ically or preumaticaiiy operated services or units.
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(b) Test Equipment - Calibrated pressure gages (mechanical
or electronic), flowmeters, and other miscellaneous equip-
ment as necessary. In addition, suitable temperature
indicating equipment. - -
4. 4.1 Functional Testing - Functional testing shall consist of the
following tests:
4.4.1.1 Normal system test - Nominal system pre shalt be
spplies to the whole installation, wi.d each selec.or and om.rol valve shali
be operated for at least two complete cycles of its corresponding service,
In addition, each control unit shall be operated through an incomplete half
cycle, followed by a camplete reversal of direction. Definition - A cycle
ig interpreted to mean the full travel of a service from down (closed) to up
(open) and return to original down (ciosed). Landing gear or any other
system which jeopardizes the aircraft can be tested and accepted on prior
tests.

D
o
n
=
i}
m

The above operation snall be accomplished through both
directions of operation, During the above operations, inspection shall be
made to determine whether:

(8) The various functions are accomplished satisfactorily in
accordance with specification requirements.

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

(c) Relief valves, devices for automatic termination of an
operation, pressure contrcls, gwitches and signals,
audible or other warning devices, and similar components
function as intended. (Relief valves shall not by-pass fluid
during normal operation of any component).

(@) All indicating devices function and synchronize with the
movement of their respective components as specified.

() The specified functioning pressures are controlled and not
axceaded This may neead to he determined at onlv one or

R e T e Nl e 4 T A Werv s dasass By wiis) WeRW wa

at numerous locations in the system, but should not receive
major congideration at any point where unrealistic pressures
are obtained on ground test as compared to entirely different
pressures in flight condition, unless the unrealistic pressures
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exceed design proof pressures or will adversely affect the
system during operational use. Pressures may be obtained
by normal system pressure gages, auxiliary mechanical

gages, or electronic equipment as appllcable (Due consider-

thon renm ol Al an +
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to be used, in preparing the test procedure. See 5.3.1.)

All tubing and fitting joints and component external seais
are froe of lagks. Allowahle Innlzqo'nq of component ex-

ternal seals shall be defined by contractor test plan, (See
5.3.1.)

All Aluid lines, -fittings, and components are free from

ansa = g, "IiLn B L < 4

excessive movement and chnﬁng

There is a full engagement of mechanicai locks and latches,
and that hydraulic back pressure does not cause Inadvertent
unlocking.

The clearance for ali moving parts throughout the entire
range of movement is such that fouling of adjacent parts
cannot occur, (Particular attention shall be given to
flexible connections to lngure that pinching or stretching
does not occur.)

All hydraulically or pneumatically operated doors and
closures are flush with surrounding surfaces within [imits
provided by approved contractor's drawing for closed
peaition.

The movement of flaps {8 synchronized and thers is no
excess play in the flaps.

Simuiated normal flight operating conditions, or any
possible inadvertent operation, will cause system
malfunction.

.2 Fluid Level - The following reservoir conditions shall be
8 part of the functional tests.
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(a) Low level - The fluid in the reservoir(s) shall be set to the
lowest permissible indicated level, and all the gas charge
removed from the largest accumulator in the system and
a minimum gas charge in all others. Reservolr pressuriza-
tion, if applicable, should be set to the low limit of the
normal pressurization range. The controls should then be
operated at [east once through the normal sequence of opera-
tions. The control valves should be set to simulate normal
iflight operation, whereby the minimum amount of fluid is
returned to the reservoir. For "gas to fluid in contact"
type reservoirs, the pump suction line opening shall be
checked for any possibility that the opening has been un-
covered and air introduced into the system. "Gas fluid
separation” type reservoirs shall be checked to deter-
mine that the pump inlet pressure will not be less than
the recommended minimum values. There is no counter-
part of this test for pneumatic systems.

(by Overfill test - Reservoir shall be filled to overflow condi-
tion, A normal sejuence of operation from taxi, take-off,
landing, to park and shut down shall be simulated. No
damage to reservoir or other components shall be noted.
Fluid loss to the extent of the overfill is allowed.

4.4.1.3 Hand or auxiliary pump operations - Where hand pump, or
auxiliary pump operations are applicable, each service must be operated
through at least one complete cycle. Any applicable items recorded or in-
spected under para. 4.4.1.1 should be duplicated berein. In addition, any
inadvertent fluid transfer between reservoirs, if applicable, should be noted
for necessary correction. The number of cycles of hand pump operation
required for functioning with each part of the system shall be recorded.
Where the force required to operate the hand pump appears to be excessive,

the amount of this force shall be measured with a spring scale and recorded.

Mara chall ha talran in thio tnat nat ta Avanhaat alant e matarg Avinges nnrnnn
Lare sna:: 0€ laxen in Lals Va8t nol 10 gverneal iaciric OIolors ariving pumps

if such motors are not of the continuous duty type.

4.4.1.4 Emergency Operations - All emergency functions normally
operated by hydraulic systems shall be tested. Maintenance necessary to
bleed or reset the system to normal operating conditions, including re-
charging of air bottles, etc. shall be recorded. In the case of surface con-
trol boost or power systems which automatically revert from main system
pressure to emergency system pressure, main system pressure shall be

reduced in the most detrimental manner, allowing the emergency pressure
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to automatically take over. The system shal) be inspected for smooth, con-
tinuous operation during the change~over. If the emergency provisions con-
sist of dual systems that simultaneously operate an aircraft service, each
system shall be operated with the opposite system inoperable (simulated) and
the applicable service actuated. The actuated service shall function within
design requirements at its most severe operating condition (i.e., lowest air
bottle pressure).

4.4.1.5 Time of operation - Requirements for measuring the elasped
time of operation for full or half cycles in the foregoing test procedure shall
be made. Such a measurement during ground tests is desirable and necessary
in some services. The time as measured on the ground is unrealistic due to
lack of wind, inertia, and similar loads. However, this item is to be con~
sidered in the preparation of the test procedure for comparison with production
aircraft.

4.4.1.6 Brake systems - Where Type IV brake systems (as defined by
MIL-B-8584) are installed, the following tests shall be performed:

(a) Normal system - Test shall include a minimum of 25
rapid pumping operations of each brake pedal, with and
without hydraulic power, to assure satisfactory brake
operation under these conditions.

() Emergency system - Demonstrate that the required
emergency operations are available.

4.4.2 Vibration Survey - During the operation of systems, visual
and {nstrument data shall be collected on lines and component installations
to ascertain the levels of acceleration forces induced in the bydraulic system
by the different modes of operation. Particular attention must be paid to
those areas of rotation components and thoge systems having bhigh inertia
loads. In addition, high frequency cyclic inputs {as AFCS system aand flight
control system) must be reviewed carefully.

4.4.3 Pump Ripple Testa - A pump ripple test plan shall be submitted
that reviews the streasses {nduced into lines and compoaents as a resuit of
any pressure ripple producing component in the system. (See 5.3.1.) The
procedure must cover all pump speed ranges and muittple pump operation
{ocluding start and stop to insure that no detrimental pressure pulsations exist
in the hydraulic system. Resoonant conditions must be tested for sufficient
periods at each resonant frequency to ensure that the system bad adequate
fatigue life. (Refer to MIL-STD-810 for vibration requirements.)
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4.4.4 System Temperature Tests - A system temperature ground
test shall be performed to compare the actual operational temperatures with
the analytically predicted temperatures.

4.4.5 Post Test Inspection - A post flight inspection is required
after each formal test, Data shall be recorded noting the conditions of the
hydraulic system. The following minimum data must be taken aftar shut down
ard compared with initial or predicted values..

(a) System temperatures (continue monitoring after engine shut
down and record maximum temperature)

(b} Reservoir level

{c) Filter button position
(d) Accumulator gas charge
(e) Brake system condition

(ff Position »f actuators

{g) Leakage noted
(h) Filter bowl contents
() Contamination level of fluid
(i) Pressure and temperature in air bottles
(k) List of anomalies that occurred and disposition
4.5 Aircraft Flight Test - These tests shall be conducted in ac-
cordance with the appropriate Military Specification (see Sect. 2.0y and
paragraphb 3.5; also with the following aircraft configuration and test in-
strumentation.
(8) Aircraft Systems Configuration - The hydraulic system
shall be adequately bled of entrapped air, and the system

and reservoir(s) filled to their specified level with ap-
plicable hydraulic fluid. All accumulators shail be

o
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properly serviced and the entire system, components, and
attached linkages and mechanisms properly adjusted.
Pneumatic systems shall be properly lubricated, with all
system components and attached linkages and mechanisms
properly adjusted.

(b) Aircraft Instrumentation - The aircraft shall be instrumented
to measure and record (manually or automatically as ap-
plicable) all necessary pressures (operation peak or surge
as applicable), ambient air and system temperatures, time
of operation, and other data required on any individual
system. The system(s) shall be properly serviced for ad-
justments, normal fluid level, bleeding of air, ete. All
necessary special components, by-pass circuits, etc., as
required, shall be installed and checked for proper and
safe function., Those areas of the aircraft which are suspect
as "high vibration' areas shall be monitored to automatically
record ''g" forces and vibration levels.

4.5.1 Pre-Flight Check ~ With engine power on and prior to taxi, all
applicable services (except landing gear) shall be operated through a com-
plete cycle to insure proper operation. As a result of this check, the suita-
bility of the aircraft to continue the flight tests shall be determined.

4.5.2 Taxi Tests - The aircraft shall be taxied to a speed equal to
the landing speed, if safe, and provided conditions allow. Both normal and
emergency brake systems shall be applied. The brakes shall function
satisfactorily under each system. The steering system, {f provided, and
any other service intended for use during taxing or landing and take-off
ground conditions shall also be operated in their normal and emergency
manner. These services ghall functioa satisfactorily under each applicable
system.

4.5.3 Functional Flight Test - During flight, each of the services,
as applicable and as defined below, shall be operated with the normal
bhydraulic system three times at each of the following altitudes. The aircraft
shall fly at a conservative speed, not approaching maximum speed.

(8) Minimum safe altitude
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(b) Operational ceiling as defined in aircraft detail specifications,
or that intermediate altitude which would present more
severe conditions.

NOTE: For the above test, operation of the services should
be made at the end of a simulated operational mission
wherever possible. In any event, the aircraft should be
flown until system temperatures have stabilized prior to
testing,

4.5.3.1 Pressures - Operating, peak, or surge pressures shall he
measured. (Type of gage used must be noted.) Determine that all services
and the power system(s) function within their design pressure limitations.
Consideration shall be given, during the tests, to checking also hydraulic
reservoir supercharging pressure, if applicable, variation of pressurization
with flight and altitude conditions, hydraulic pump(s) inlet, outlet, and drain,
or by-pass pressures. [n emergency pneumatic systems the pressure of the
stored gas shall be measured.

5.3.2 Temperature - Highest and lowest atabilized operating
temperature at all critical points and anticipated hottest and coldest poiats in
the systems shall be determined and identified with corresponding data, such
as compartment air temperature, outside air temperature, and aircraft
speed. [n a hydraulic system, at least the reservoir inlet and outlet tempera-
tures, pump outlet and bypass fluid temperatures, and heat exchanger inlet
and outlet temperatures are congidered {mportant, plus any portion of the
system which is considered critical due to high or restricted flow, low heat
transfer conditions, proximity to sources of heat producing equipment, etc.

In emergency pneumatic systems the pressure temperature of the stored gas
shall be measured. It shall be demonstrated that the temperatures do not
exceed those to which the components of the system are designed, with con-
gsideration given to the percentage of operating time expected to be encountered
at the various temperatures and conditions. The temperatures recorded shall
be converted to the standard 100° F hot day and listed in the chart noted as
Figure 2.

A 8 711 T v
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be determined, in each case, under a flight condition which dupllcates as
near as practical the average expected design conditions. The following
specific operations shall be checked for time of operation as follows:
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(a) Landing gear retraction under flow conditions representing
take-off rpm of engine(s) and flight attitude, at design
take-off indicated air speed (IAS), and near ground level,
Temperature of the entire landing gear system must be
warmer than -20° F at the time of this test. This can be
accomplished if necessary by cycling the gear in flight
to warm it up. Actual ambient air and applicable hydraulic
system temperature shall be determined. The sequence of
operation of the various landing gear elements (main gear,
nose gear, tail wheel, etc.) shall be noted. Time should
start when landing gear control lever is actuated, and stop

when gear is up and locked and all fairing doors closed.

(b) Landing gear extension, with normal system, shall be
under normal approach engine rpm, and at placard LAS.
System temperature and sequence of operation of landing
gear elements shall be recorded. Time should start when

_gear control is actuated and stop when all gears are down
and locked.

4.5.3.4 Symmetrical lift and drag devices - All such hydraalically
or pneumatically operated devices, which consist of two or more surfaces
or panels designed to operate together, shall be tested for synchronous
operation in flight. The device shall be operated while the aircraft is fa a
sideslip, or other manner, which will induce maximum safe unsymmetrical
loading on the separate panels or surfaces. Any-.unsynchronized operation of
any device shall be measured.

4.5.3.5 Surface control boost or power systems - All such systems
shall be operated under all possible extremes of flight attitude, speed, and
altitude to insure safe, smooth operation under normal power. Bypaas
valves, system shut-off valves and devices, or automatic devices to revert
operation from normal system to emergency system must be operated in
flight with simulated normal system fafiure, to check the suitable operation
of such devices and to prove that the aircraft is controilable during and after
the change in system power. Compliance with MIL~F-8785 shall be shown.

4,.5.3.6 Fluid level - For ""gas-fluid in contact" type reservoirs the
pump suction line opening shall be checked for any possibility that the
opening had been uncovered and air introduced into the system. For gas-
fluid separation types, minimum pump iniet pressures shall be measured.
This test must be conducted with the lowest permissible fluid level in the

[~
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reservoir. To simulate this condition; first, the fluid should be drained to
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ag was done in 4.4.1,2 or from as many as safe flight conditions will permit
up to half the applicabie accumulators.

4.5.3.7 Possible malfunctions - The operation of all contro!l valves
shall be checked for possible malfunctions. Such as each control unit shall
be operated through the incomplete half cycle, followed by a complete
reversal of direction. This operation shall be accomplished through both
directions of operation.

4.5.3.8 Hand or auxiliary pump operation - Hand or auxiliary pumps
shall be used to operate all designated services at applicable conditions. If
necessary, power pumps may be bypassed for this test. (A directional con-
trol valve may be employed to bypass the pump output to the reservoir.)

4.5.3.9 Emergency system operation - There shall be at least one
operation of all applicable services by all emergency systems. All pneumatic-
ally operated services shall be checked as to the number of consecutive full
cycles of operation possible before the air bottle(s) are discharged to a pres-
sure below which operation is impossible. This should be accomplished at
both altitudes referred to in 4.5.3 and any other applicable conditions. For
services actuated by mulitiple systems in simultanecus operation, each system
shall be tested with the other system(s) failed (simulated). Services operated
by multiple systems shall be operated to the lowest ievel of design redundancy.

4.5.3.10 Self-contained hydraulic systems - Applicable features of the
tests herein specified shall be employed for the testing of gun drive, radar
drives powered by wire servo actuating packages, and any other such type
external store system,

4.5.3.11 Zero or negative ""g" performance - The satisfactory perform-
ance of all applicable systems shall be demonstrated at ''g" levels within the
design envelope of the aircraft unless analysis proves performance at these
levels is not critical.

4.5.4 Failure modes - Failure modes shall be simulated in flight
to evaluate the hydraulic system's capability to cope with specified failures.

4.5.5 Flight Capability - The hydraulic system's satisfactory

operation shall be demonsirated for flight conditions critical to the hydraulic
system, The conditions listed below shall be considered,
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(a) Taxi
{b) Take off
(¢) Climb
(d) Cruise
(e) Service ceiling
(h Max. speed
{8) Inverted maneuvers, if applicable
(h) Idle descent
(I Turbulent
(j) Landing
(k) Hover, if applicable
() Cargo bandling, equipment operation

— AL
m) Au
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4.5.6 Vibration Survey - During the operation of systems, {nstrument
data shall be collected on selected lines and component installations to as-
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the different modes of operation. Particular attention must be paid to high
speed components and those systems having high inertia loads. In addition,
high frequency cyclic inputs (as AFCS systems and flight control system)
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4.5.7 Post Flight Inspection ~ A post flight inspection is required
after each flight test., Data shall be recorded noting the conditions of the
hydraulic aystem. The following minimum data must be taken after ghut

down and compared with initial or predicted values:
(a) System temperatures

{t) Reservoir level
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(c) Filter button concition or position
(@) Accumulator gas charge
(e) Brake system condition
(f) Position of all actuators
(§) Leakage aoted
{h) Filter bow! contenis
() Contamination level of fluid
() Pressure and temperature in air bottles

(k) List of anomalies that occurred and disposition

5.1 Intended use - This specification

{a
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for use in determining

5.1, Application - The hydraulic or emergency pneumatic system
tests required by this specification are to be made on.the installed system.
When the hydraullc or pneumatic system, or subsystems thus tested, are
changed before installation in service test or production aircraft In such
manner : to require retest, in the opinion of the contractor or the procuring
activity, such retests shall be performed.

5.2 formation for contracting officer - Contracts or orders
should spectfy the following: )

(a) Title, number, revision, and date of this specification.
(b) Items of data required (see 5. 3)

5.3 Contract data reauirements - Items of deliverable data
requlreJ by this specification are cited in the following paragraphs:
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Paragraph Data Requirement Applicable DID
5.3.1 Preparation & Submittal of *
Test Procedure
5.3.2 Preparation of Report *

Such data will be delivered as described on approved (numbered) DID's (Data
Item Description/DD Form 1664) when specified on DD Form 1423 (Contract
Data Requirements List) and incorporated into the applicable contract,

5.3.1 Preparation and submittal of test procedure .

5.3.1.1 Preparation - A detailed test procedure, applicable to the
particular aircraft, shall be prepared by the contractor to cover all ground
and flight tests required by this specification. Test procedures shall also
cover type, use or function, and any applicable limitations of test equipment
used, and all special procedures or mndifications necessary in the system to
perform the required tests. Systems in present aircraft are often too com-
plicated and diversified in function to allow the use of a standard test pro-
cedure for every design. Fach contractor can evolve a specific test procedure
for his individual aircraft's hydraulic and/or pneumatic system,

Where methods or tests other than those described or suggested
herein are used, they shaii be briefly described and submitted for comparisons
with the known standard procedures.

5.3.1.2 Approval - The Contractor's detailed test procedure shall be
submitted to the applicable service for approval consistent with the data
submittal requirements.

5.4 Pregaratiou of remrt Consistent with the data submittal
requirements, a floal report shall be submitted giving full detalls of the
equipment tested and the results obtained. This report should be in para-
graph form and should follow, as nearly as practicable, the logical sequencé
and the headings and sub-headings of the tests outlined herein, and in the
Contractor's test procedure as approved by the procuring activity. Tempera-
ture data noted in figure 1 shall be included in the above report. Where
required tests are not performed, substantiating data must be submitted as
a part of this report,

12
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5.5 Changes {rom previous Issue - Asterisks are not used in this
revision to identify changes with respect to the previous issue, due to the
extensiveness of the changes.

Custodlans: Preparing Activity:
Navy - AS Navy - AS

Air Force - 11 (Project No. 1650-0325)
Army - AV

Review Activities:

Air Force - 71
Army - Ml

43



Downloaded from http://www.everyspec.com

Scope

Applicable Documents

Test Requirements - New Aircraft
Simulator Tests

Proof Pressure

System Functional

Failure Mode

Mission Profile

vibration Survey

Pressure Survey

Pump Ripple

System Temperature

Post Test Ingpection

Engine Compatibility

New Aircraft Ground Cart Test
Proof Pressure

Functional Testa

Pressure Survey

Pump Ripple

Post Test



(5]

w

o

Downloaded from http://www.everyspec.com

*

Aircraft Varidrive Operation
System Functional

Migsion Profile & Failure Mode
Vibration Survey

Pressure Survey

Pump Ripple

Temperature Survey

Post Test Inspection

Functional Tests
Vibration Survey
System Temperature
ump Ripple
Post Test Inspection
Aircraft Flight Test
Functional Tests
Failure Mode

Flight Capabitity
Vibrattoa Survey

System Temperature

Pressure Survey

PAGE

cn

(<]



o
9]

:t'.

TS
"

e
[

4.1,

4.1,

=1

[

10

Downloaded from http://www.everyspec.com

INDEX

!

Fluid Level

Hand or Auxiliary Pump QOperations

Emergency Operations
Time of Operation

Brake Systems

Failure Mode Tests
Mission Profile Tests
Vibration Survey Testa
Pressure Survey Tests
Pump Ripple Tests

System Temperature Tests

Post Test Inspection Tests

Engine Compatibility Tests

PAGE

-3

Ly ]

=t
=]

11

12

12

13

13

13

14

14

14

14

15

15

15




[

Downloaded from http://www.everyspec.com

INDEX
Aircraft Ground Cart Test
Proof Pressure Test
System Functional Tests
Normal System Test
Fluid Leve! Test
Hand or Auxiliary Pump Operations
Emergency Operations
Time of Operation
Brake Systems
Pressure Survey Test
Pump Ripple Test
Post Test Inspection
Aircraft varidrive Qperation Test
System Functional Tests
Normal System Test
Fluid Level
Hand or Auxdliary Operations
Emergency Operations
Time of Operations
Brake Systems

Mission Profile and Failure Mode

PAGE

16

17

17

18

20

21

21

21

23

23

25

26

26

26

26

27



. 2.

i

.2

o

Downloaded from http://www.everyspec.com

Mission Profile Test

Failure Mode Tests

Vibration Survey

Pressure Survey

Pump Ripple

System Temperature

Post Test Inspection

Aircraft Engine Operation Test
System Functional Test
Normal System Test.

Fluid Level

Hand or Auxiliary Pump Operations
Emergency Operations

Time of Operations

Brake Systems

Vibration Survey

Pump Ripple

System Temperature

Post Test Inspection

Aircraft Flight Test

Pre-Flight Check Test

29

30 -

30

31

32

33

33

a3

33

34

34

34

35




O

S
3]
o

W
jUI

[ 41}

[41]

X

.10

.11

Downloaded from httﬁ://www.everyspec.com

INDEX
Tax Test
Functional Flight Test
Pressure Test
Temperature
Time of Operation
Symmetrical Lift Drag Devices
Surface Control Boost or Power System
Fluid I;evel
Possible Malfunction
Hand or Auxiliary Pump Operation
Emergency System Operation
Self Contained Hydraulic Systems
Zero or Negative "G'" Performance
Fallure Modes .
Flight Capability
vibration Survey
Post Flight [nspection
Notes.
Intended Use

Application

PAGE
35
35
36
36
36
38
38
38
39
39
39
39
39
39
39

40

41
41

41



3.1

.3.1.1

.3.1.2

Downloaded from http://www.everyspec.com

INDEX
Information for Contracting Officer
Data
Preparation and Submittal of Test Procedures
Preparation
Approval
Preparation of Report

Charnges from Previous Issue

PAGE

41

41

42

42

42

43



Downloaded from http://www.everyspec.com

OMB Approval

STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL MB Approv: P

INSTRUCTIONS: The purpose of this form is to sollcit beneficial comments which will help schieve procure-
ment of suitable products st ressonsble cost and minimum delay, or will otherwise enhance use of the document.

Nal mntsamtnee oo ammmant ant or manufaciurara/ vendaors wha 218 nrasnactive spyantises of the aragduct
oo COonUIaciors, govemment activities, or manufacturers/ vendors % pISIpect SUpPLSTE Q1 tas procucl

are invited to submit comments to the govemment. Fold on lines on reverse side, staple in comer, and send to
prepsring activity. Comments submitted on thia form do not constitute or imply suthorization to waive any
portion of the referenced document(s) or to amend contractusl requirements. Attach eny pertinent dats which
may be of use in improving this document. If there are additions! papers, sttach to form and place both in an

envelope addressed to preparing activity.

ODOCUMENT IDENTIFIER AND TITLE
MIL T 55220

NAME OFf GRGANITATION AND AQDRESS

CONTRACT HUMBER

[»]
c
X
o
L)
b}
»

MATERIAL PROCURE

(=]
MAS ANY PART OF TwE COCUNMENT CAEATED PRAQELEWS OR ACQUIRED INTERPRETATION IN

use?
A, GIVE PaRaGRalPw NUuDER anD #ORDING,

8. ALCOMMENDATIONS FOR COARECTING THE DEFICIENCICS

2. COMMENTS OMN ANY DOCUMENT AEQUIREMENT CONSIDERED TOO RIGID

3, 13 THE DOCUMENT RESTRICTIVEY
3 veos [ wo (11 **Yes™, in what way?)

4, REMARKS

SUBMITTED BY (Prinfed or typed name and eddrese » Optienal) TELEPHONE NO.

DATE

$/% 0102+0t4-1002

FORM
D &y janw ! 42'6 REPLACED EDITION OF ¥ Jaw 08 w=iCH may BE UIRD

U JOVEANNENY PRINTING OFFICE (0TS T1a.80473083 1.



