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1. SCOPE:

11

1.2

2. REFERENCES:

2.1

Purpose:

This SAE Aerospace Recommended Practice (ARP) establishes the factors which should be
considered in the design and installation of a hydraulic system fitted to a commercial transport
rotorcraft.

The purpose of this document is to provide in one document information and guidelines to the
designers of commercial transport rotorcraft hydraulic systems and components including:

a. Reliability

b. Federal /

to hydrau
C.
Field of Appl

This documsqg
which are de

Applicable D

The following
latest issue ¢
the issue in ¢
this specificg

and Maintainability requirements;

lic systems;

Design and installation practices.

cation:

nt applies to the hydraulic systems installed into commercial transy
signed to comply with FAR and/or JAR 29 regulations.

b
pcuments:

publications form aspart of this specification to the extent specifiec
f SAE publications.shall apply. The applicable issue of other publi

ffect on the date of the purchase order. In the event of conflict be
tion and references cited herein, the text of this specification takes

Nothing in thjs specification, however, supersedes applicable laws and regulatig

specific exen

The majority

nption has‘been obtained.

of-the documents referenced in this section are aerospace hydrau

standards.

Aviation regulations (FAR)/Joint Airworthiness requirements(JAR) t{hat are applicable

ort rotorcraft

| herein. The
cations shall be
ween the text of
precedence.

ns unless a

ic system

'hpy include nd\/icnry, guidnnr‘p and_certification documentation tha

t can be used for

designing and evaluating all rotorcraft hydraulic systems. However, these documents may be
supplemented, or overridden by, specific aircraft and/or airworthiness requirements, particularly
when the documents such as Military specifications, are oriented towards military aircraft. While
military and commercial hydraulic systems may use different fluid types (current commercial
helicopters use hydrocarbon based fluids, (red-oil)) the intent of the military specifications is to
provide important and reliant requirements and guidance for commercial applications.
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2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0001

AIR310

ARP490
AS568
ARP584
AS595
AS604
AS620
AIR737
ARP819
AIR887
ARP994

AS1055

AS1227

AS1241
ARP1280
ARP1281

AS1290
AS1300
AS1339
AIR1379
ARP1383

ARP1658
AS1709
AS1896
ARP1897
AIR1922
AS3121

AS3131
AIR4057
AS4059
AIR4092
ARP4146
AIR4150
ARP4268
ARP4378

Fittings, Catalog of Flared, Flareless, Pipe Threaded, Port and Other Type Tube
Standard Connectors

Electro-Hydraulic Flow Control Servovalves

Aerospace Size Standard for O-Rings

Coiled Tubing

Civil Type Aircraft Variable Delivery Hydraulic Pump

Hose Assembly, Tetrafluoroethylene, 400 °F, 3000 psi Hydraulic, Heavy Braid

High Temperature Hose Assembly, Convoluted, Tetrafluoroethylerje-, for Aircraft
Aerospace Hydraulic and Pneumatic Specifications and Standards
Fluid System Characteristics Affecting Hydraulic Pump Operation
Liquid Filter Ratings, Parameters and Tests

Design of Tubing Installations for Aerospace Fluid Power-Systems| Recommended
Practice for
Fire Testing of Flexible Hoses, Tube Assemblies{ Coils, Fittings and Similar
Components
High Temperature, Low Pressure Hose Assembly, Convoluted-Fluproethylene for
Aerospace

Fire Resistant Phosphate Ester Hydraulic-Fluid for Aircraft
Application Guide for Hydraulic Powen Transfer Units
Actuators: Aircraft Flight Controls;.Rower Operated, Hydraulic, Geferal Specification
for

Graphic Symbols for Aircraft,Hydraulic and Pneumatic Systems
Boss, Ring Locked Fluid €onnection Type, Standard Dimension foy
Hose Assembly, Tetrafluoroethylene, 400 °F, 3000 Psi, Hydraulic Light Weight
Prestressing (Autofrettaging) of Hydraulic Tubing Lines
Impulse Testing ef\Hydraulic Actuators, Valves, Pressure Containgrs and Similar
Fluid System Safety Components

Visual Inspection Guide for Installed Hose Assemblies
Coupling-Assembly, Self-Sealing, Quick Disconnect
Coupling-Assembly, Self-Sealing, One Side Only, Hydraulic
Clamp Selection and Installation Guide

System Integration Factors that Affect Hydraulic Pump Life

Dlrinn Evnancion Albiminiim. 2024-T4 | ona- - Standard and 0010 OverSIZe
o= XpatSion— oo Lo ca-—1-4 EoRg ottt oo+

Diameters

Plug, Expansion - CRES 303, Short, Standard and 0.010 Oversize Diameters
Secondary Filters for Fluid System Reliability

Aerospace Cleanliness Specification for Hydraulic Fluids

Investigation Into PTFE 'Melt' Phenomenon for High Pressure Hoses

Coiled Tubing, Titanium Alloy, Hydraulic Applications

Inspection of Inservice Airborne Accumulators

Aerospace Hydraulic System Sampling Points

Accumulators, Hydraulic, Cylindrical, Aircraft, Maintenance Free, Factory
Precharged
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211

212

(Continued):

ARP4379 Accumulator, Hydraulic, Cylindrical, Aircraft

AS4395  Fitting End, Flared Tube Connection, Design Standard
ARP4553 Self-Displacing Hydraulic Accumulators

AS4716 Aerospace Standard, Gland Design, O-Rings and Other Elastomeric Seals

AMS 4944 Titanium Alloy Tubing, Seamless, Hydraulic, 3.0A1-2.5V, Cold Worked and Stress
Relieved
AMS 5561 Steel Tubing, Welded and Drawn, Corrosion Resistant Steel, 9.0Mn-20Cr-6.5 Ni-

0.28N, High Pressure Hydraulics

US Goverrment Publications: Available from DODSSP, Subscription Service
Building 40p, 700 Robbins Avenue, Philadelphia, PA 19111-5094

MIL-H-544
MIL-A-549
MIL-A-5508
MIL-J-5513
MIL-G-551
MIL-R-552
MIL-H-560
MIL-P-599

W

oo =

MIL-T-708

—

MIL-P-7858
MIL-M-799)7
MIL-H-877p
MIL-R-879[L
MIL-V-8818
MIL-F-881%

MIL-R-893[L
MIL-S-939p
MIL-F-18280

Hydraulic Systems, Aircraft, Design and Installation, Requirem
Accumulators, Aircraft, Hydropneumatic Pressure

Actuators: Aeronautical, Hydraulic Actuating; General Requirer]
Joints, Hydraulic Swivel

Gland Design, Packings, Hydraulic, General Requirements for
Reservoirs, Aircraft, Non-Separated(Fype

Hydraulic Fluid, Petroleum Base;-Aircraft, Missile and Ordnanc
Pump, Hydraulic, Electric Motof<Driven, Variable Delivery, Gen
for

Tube, Aluminum Alloy, Seamless, Round, Drawn, 6061, Aircraf
Quality

Pump, Hydraulic, Power Driven, Fixed Displacement

Motors, Aircraft Hydraulic, Constant Displacement, General Sp
Hydraulic System Components, Aircraft and Missile, General §
Retainer, Packing, Hydraulic and Pneumatic Tetrafluoroethyler
Valves: Aircraft, Hydraulic Pressure Relief, Type Il Systems
Filter and Filter Elements, Fluid Pressure, Hydraulic Line, 15 M
and\5-Micron Absolute, Type Il Systems, General Specification
Reservoirs: Aircraft and Missiles, Hydraulic Separated Type
Switch Pressure (Absolute Gauge and Differential), Specificatic

5 Desk,

bnts for

nents for

eral Specification
t Hydraulic
ecification for
pecification for

e Resin

icron Absolute
for

bn for

MIL-V-19068
MIL-P-19692
MIL-C-25427
MIL-H-25579

MIL-V-27162
MIL-H-27267
MIL-F-27272

MIL-R-83248

l:ih‘ingc, Elareless Tube Fluid Connection

Valves, Shuttle, Hydraulic, Aircraft, Type Il Systems

Pump, Hydraulic, Variable Delivery, General Specification for
Coupling Assembly, Hydraulic, Self-Sealing, Quick Disconnect

Hose Assembly, Tetrafluoroethylene, High Temperature, Medium Pressure,

General Requirements for

Valves, Servo Control, Electro-Hydraulic, General Specification for
Hose Tetrafluoroethylene, High Temperature, Medium Pressure
Fitting, Tetrafluoroethylene Hose, High Temperature, Medium Pressure, General

Requirements for
Rubber, Fluorocarbon Elastomer, High Temperature Fluid and
Resistant, O-Rings Class 1, 75 Hardness

Compression Set
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2.1.2 (Continued):

2.13

214

215

2.1.6

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

MIL-F-83296 Fittings, Tetrafluoroethylene Hose, High Temperature, High Pressure (3000 psi),
Hydraulic and Pneumatic

MIL-H-83298 Hose, Tetrafluoroethylene, High Temperature, High Pressure (3000 psi),
Hydraulic and Pneumatic

MIL-P-83461 Packing, Preformed, Petroleum Hydraulic Fluid Resistant, Improved
Performance At 275 °F

MIL-R-83485 Rubber, Fluorocarbon Elastomer, Improved Performance, at Low Temperatures
(-40 to +400 °F)(-40 to +204 °C)

MIL-H-872b7 Hydraulic Fluid, Fire Resistant; Low Temperature Synthetic Hygirocarbon Base,
Aircraft and Missile

MIL-STD-1247 Markings, Functions and Hazard Designations ofiHose, Pipeland Tube Lines

for Aircraft, Missile And Space Systems

MS24391 Plug,-Bleeder, Tube, Precision Type

MS33566 Fittings, Installation of Flareless Tube, Straight-Threaded Copnectors

MS33611 Tube Bend Radii

MS33649 Bosses, Fluid Connection - Internal Straight Thread

Government Airworthiness Documents: Availabte from FAA, 800 Independence Avenue, SW,

Washingtop, DC 20591.

FAR Part 49 Airworthiness Standards: Transport Category Rotorcraft

TSO-C75 Hydraulic Hose Assemblies

National A¢rospace Standards:tAvailable from Aerospace Industries Association, 1250 Eye

Street NW| Washington, DG~20005.

NAS1601 |Packing, Preformed, O-Ring, Phosphate Ester Resistant (-65° to 150 °F)

NAS1602 |Packing,Preformed, Straight Thread Tube Fitting Boss (-65° to 16 °F)

NAS1613 |Packing; Preformed, O-ring, Phosphate Ester Resistant (-65° to 160 °F)

NAS1638 [Cleanliness of Parts Used in Hydraulic Systems

ANSI Publications:—Avaitabte fronmANSH- T West42nd-StreetNew-YorktY 10036-8002.

ISO 12 Pipelines, Identification Schemes

ISO 8278 Aerospace, Hydraulic, Pressure Compensated, Variable Delivery Pumps, General

Requirements

ISO 9206 Aerospace, Constant Displacement Hydraulic Motors, General Specifications

Joint Aviati

on Authorities Committee Documents:

JAR-29 Joint Aviation Requirements, Large Rotorcraft
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3. OVERALL HYDRAULIC SYSTEM REQUIREMENTS:

3.1 General Requirements:

3.1.1 Design: If the rotorcraft is to be flyable, it must be controllable. Therefore, the system must be
designed such that the rotor controls remain functional following many types of system and/or

3.1.2

component failures. Rotor controls in this case means the main rotor controls
aft rotor on tandem rotor designs, or the main and anti-torque device controls
rotor aircraft.

for the fore and
on single (main)

The rotary wing aircraft flight differs from fixed wing flight; in a fixed wing alrcr|
by a "fixed|set" of wings, with the forward thrust (propulsion) being supplied b
driving a ptopeller or providing thrust directly as in pure jet or turbo fan.\\In the
rotary wing aircraft, lift is provided by rotating the wings. Hence no farward sfg
order to generate sufficient lift to become airborne. Horizontal mation is attain
rotor head thrust vector into the desired direction, forward, left, right or even b
changes ate accomplished by varying the angle of attack of.each wing (rotor

changes on all blades varies the magnitude of the thrust, hence the available
Changing the angle of attack on each blade individually-as a function of the a3
(blade position relative to the aircraft centerline), changes the thrust vector ori
to the aircrpft cg, thus providing locomotion in the liorizontal plane. The rotor
compensafed by the use of anti-torque devices_en single rotor machines. Thg
device is a|rotor mounted at the tail to provide'thrust in the horizontal plane. [
fenestrons|and vectored thrust devices are.alternatives used on smaller aircrg
rotor may present a hazard to ground personal and passengers. Tandem rot
rotors rotating in opposite directions.thus canceling the rotor torques.

The compl
coupled wi
helicopter
when desig

X aerodynamic forces,to which the rotor blades are subjected to @
h any unbalances-inherent in the rotating system, give rise to the i
ibrations. Thesg yibrations, magnitude and frequency, must be tak
ning the hydraulic system(s), components and installations.

System Pressure: \Working pressures common in commercial transport helicq
today are 1000 {sj (6896 kPa) or less for smaller craft, 1500 psi (10,344 kPa)
(13,792 kPja)-for-medium size craft, and 3000 psi (20,690 kPa) for larger aircr

aft, lift is provided
an engine,
case of the
eed is required in
ed by pointing the
ackwards. Thrust
blade). Equal
ift or power.
rimuth angle,
entation relative
torque is
P Most common
Ducted fans,
ft where the tail
br machines have

uring flight,
hfamous
en into account

ppters in operation
to 2000 psi
aft, but higher

pressures are nnfinipnfpd to be used in the next gpnpmfinn of transport helic

pters. This will

impact the availability of suitable ground support equipment, but the use of higher pressure

levels will result in reduced installation envelopes and can lead to a reduction
but to a lesser extent than which can be realized in fixed wing systems due to

in system weight,
the relatively

compact supply system arrangement. Plumbing in a rotary wing aircraft is usually a smaller
percentage of the overall hydraulic system weight than for a fixed wing aircraft. A cost/benefit

trade is advisable early in the design development.
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3.1.3 Hydraulic Fluid: MIL-H-5606, MIL-H-83282, and MIL-H-87257 are referred to as hydrocarbon
based fluids in this document. Fluid conforming to MIL-H-5606 had been the most commonly
used hydraulic fluid to date, but fluid conforming to MIL-H-83282 is now being introduced into
the commercial operator fleet and should be considered over MIL-H-5606. Where the use of
MIL-H-83282 causes restrictions in the aircraft operation due to the low temperature limitations
of MIL-H-83282, MIL-H-87257 can be substituted. Phosphate Ester fluids, used in the fixed
wing commercial arena, are generally not used in commercial helicopters. The majority of
commercial transport helicopters have been derived from military aircraft, and the limited
market has never warranted the changeover to phosphate-ester fluids. Many commercial
helicopter operations started using military surplus aircraft, and later on derivatives of military

3.14

models. T

e maintenance faclilities evolved to service these aircraft. Also,.dU

aircraft siz¢, compact systems, the total volume of fluid contained in a helicop

fraction of
less than 1
capacities,
requires th
be used. |

he volume contained in the systems of large transport aircraft~’ Sy
gallon (3.8 ) are common. Larger aircraft may have somewhat la

e use of phosphate-ester fluids, fluid conforming to,AS1241 Type |
must be noted that phosphate-ester based and hydrocarbon base

are not comppatible, nor can the components designed for @pération in one tyg

in a systen

System Te

with the other fluid.

mperatures: Each hydraulic system should be designed for operat

temperatures which are dictated by the individuahaircraft model operating req

nondegrad

a. The mi
cold so

temper
Engine
(105 °@
provisig
extrem

ed at:

nimum temperature that the aireraft will likely to be subjected to du
pk. A warm-up period maybe required before the system is opera

The m3@ximum temperature which could occur during prolonged ground of

pture soak-back, forexample on engine or main gear box mounted
temperatures af 320 °F (160 °C) and transmission housing tempel
) are commen with higher temperatures possible on future rotorcrg

ES.

The system should be designed so that for normal operation the hydraulic flui

nnnnnn 20+~

e to the smaller
ter system is but a
stem volumes of
ger fluid

with reservoir sizes between 1 and 2 gallons (4 to 8 I).« Ifthe design specification

V Grade A should
d hydraulic fluids
e of fluid be used

ng in ambient
uirements and be

ing an overnight
fional for flight.

eration or
components.
atures of 220 °F
ft. Therefore

ns shouldibe made to protect the hydraulic system from these temperature

d temperatures in

the power

NaRaratinan ovuctamec arn Ihat 290 ° ( 2Q +~ 1AL O\ £y
JeTmC T atioTT Sy StCTmS T OCtWwe Tz O tOZZ 0~ I ZJ U100 O 1o

ydrocarbon based

fluids and -20 to 175 °F (-29 to +79 °C) for phosphate ester fluids. Operation of the system at
the upper limits of the hydraulic fluids, +275 °F(135 °C) for hydrocarbon based fluids and
225 °F (+107 °C) for phosphate ester fluids should be limited to short periods or a reduction in

system reli

ability may result.

Operation of all hydraulic services should still be possible at -65 °F (-54 °C), but performance

degradatio

n is expected.

-10 -
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3.1.4 (Continued):

It should be noted that:

The lower limit for cold soak ambient and operating temperatures for aircraft using
MIL-H-83282 hydraulic fluid should be limited to -40 °F (-40 °C), or as established by test. This
is due to the high kinematic viscosity of this fluid at low temperatures.

3.15
installation

of seals in glands, except for specialized proprietary seals.

Seals: AS4716 or MIL-G-5514 (AS4716 is preferred) should be used as a guide for the

3.1.5.1 Gland D¢

preferred
3.1.5.2 Packings
or MIL-H
high tem
be used.
NAS-161
dimensio
3.1.5.3 Backup R
pressure
extrusion
pressure
temperat

3.1.6 Hydraulic §
system is [
AS1290/1S
layouts wh
aircraft hyg
and airline

3.2 Applicable A

sign: Seal gland dimensions should conform to AS4716 or MILLG
) except for specialized proprietary packings.

: O-ring seals and elastomers installed in systems using‘MIL-H-83

beratures, elastomer materials conforming to MIL<R=83248 or MIL-

Systems using phosphate ester type fluids must use O-rings man
3 materials and molded to meet the dimensions of NAS-1601 and
ns shall conform to AS568, MA2010 or ISO 3601 as applicable.

Rings: Backup rings must be installedon all O-ring installations wh
5 are above 1500 psi (10,344 kPa).and should conform to MIL-R-8
resistant compounds should be.used for backup rings used in sys
5 of 4000 psi (27,584 kPa) ar, inrlocations where continuous operati
Lre limits is anticipated.

5514 (AS 4716 is

282, MIL-H-87257

5606 hydraulic fluid should conform to MIL-P-834641. “Ih componeints subjected to

R-83485 should
hfactured from
NAS-1602. O-ring

ere operating
Y91. More

ems operating at
on at the high

bystem Schematic Diagram: Whenever a system schematic diagr
repared, the symbaels and presentation principles should conform

engineering groups.

rworthiness Requirements:

m of a hydraulic

O 5859. This proyvides the benefit of having a consistent set of symbols/drawings
ch can be understood by a variety of disciplines and organizations fincluding the
raulic system engineers, aircraft customer, support engineers, conpponent suppliers

Modern day Commercial Transport Helicopters are designed to meet the airworthiness
requirements as defined in the Federal Air Worthiness Regulation (FAR), Part 29 (for US aircraft)
or to the Joint Airworthiness Requirements (JAR) Part 29 (for non-US certified aircraft).

-11 -
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3.2

3.3

(Continued):

The sections in these regulations which are applicable to the design of commercial transport
rotorcraft hydraulic systems are:

29.141 General, Power On/Power Off
29.143 Controllability and Maneuverability

29.307 Pro

of of Structure

29.601 Design and Construction, General

* 29.602 Crit

ical Parts

29.603 Materials

29.610 Lig
29.611 Ins

ntning Protection
pection Provisions

29.671 CorLtroI Systems, General

29.672 Sta
29.673 Prin

ility Augmentation and Automatic and Power Operated Systems
hary Flight Controls

29.729 Retracting Mechanisms

29.863 Fla

mmable Fluid Protection

29.921 Rofor Brake

29.1181 Des
29.1183 Fla
29.1185 Fla
29.1189 Sh
29.1309 Eq

ignated Fire Zones

mmable Fluid - Carrying Components
mmable Fluids

toff Means

ipment and Installation

29.1322 Walning, Caution and Advisory, Lights

25.1435 Deg
* JAR requir

The impact ¢
systems will

Design Cong

The general

ign of Hydraulic Systems

bment only.

f these regulations’on the design of commercial transport rotorcraft hydraulic

be referred to'throughout this document.
epts and-Overall Layout Requirements:

coneept and layout of the hydraulic system design and the type of

components used

671, 29.672,

within the sy:

Etem have to r-nmply with the EAR/JAR mnluimmpnfr: 0f 29.307 29

29.695, 29.729, and 29.1309. These requirements are concerned with the effects of single and
multiple failures of systems, power sources, subsystems or components within the system and
their subsequent effect upon the operation of the rotorcraft. Consideration has to be given to the
ability of the flight crew to maintain control of the rotorcraft at any point in the flight following a
single failure. The regulations state that if power boosted or power operated control systems are
used, an alternate system must be available that allows the continued safe flight and landing in
the event of a single failure in the power portion of the system or failure of all engines. In this
respect Part 29 regulations differ from those defined in Part 25 which requires safe operation
following a "two system" failure. The requirement for rotorcraft are less stringent in this area due
to the shorter mission duration, which lowers the probability of a dual system failure occurring
during the flight.

-12 -
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3.3 (Continued):

For rotorcraft designed for greater range, it is prudent to provide a two-fail-operate system
configuration as required in FAR Part 25. In addition, the effect of the failures and subsequent
degree of difficulty in safely operating the rotorcraft has to be related to the probability of these
failure(s) occurring. Furthermore, the helicopter is designed to operate on unprepared landing
sites. As such they may be required to operate under severe dust and sand conditions.

Off-shore operation exposes the systems and components to a salt atmosphere possibly leading
to corrosion unless addressed properly during the design stage.

Therefore, th
within the sy
services sup

Regardless ¢f the number of hydraulic systems installed, if the aircraft contains
ed controls, means must be provided to allow full'control movement of all primary

power opera;
flight control
full control a

3.3.1 Rotorcraft
capable of
If however
requires th
deployed V]
system or
required to
3.3.2 Rotorcraft
are require
system fail
safely com
and the ge
following m

e design of the overall hydraulic system has to relate to the type of
stem and their effect on the aircraft. This in turn is related to the ty
blied by the hydraulic system.

prior to flight, or a means must be provided thatwill allow the pilot
ithority is available prior to rotor engagement:

manual reversion/operation, only a single hydraulic supply system
the aircraft is equipped with a retractable landing gear, then FAR/
At alternate methods for deploying'the gear must be available if the
a free fall. Examples of the altérnate means include a simple auxi
h stored gas system. Powerboosted braking systems on rotorcraft
be provided with a backup system due to the low landing speeds.

Utilizing Two Independent Hydraulic Systems: Two independent hy
d if the aircraft cannot be controlled without hydraulic power. Thus
5, there shall e no, or negligible, effect on the aircraft handling an
plete its mission and land. If the aircraft is equipped with a retractg
ar is powered by one of the two systems which supply the primary
ust ke provided:

a. An alte

nate means to dnplny the I:mrling gear

potential failures

pe and number of

power boosted or

o0 determine that

Utilizing a Single Main Hydraulic System-If the aircraft's flight control system is
may be required.

JAR 29.729(c)
gear cannot be
iary hydraulic
usually are not

draulic systems
, if one of the two
i the aircraft can
ble landing gear,
light controls, the

b. A priority valve which assures priority of the primary control system over any utility functions.

3.3.3

Rotorcraft Utilizing More Than Two Hydraulic Systems: If the aircraft's hydraulic system

supplies all the primary and secondary flight controls and the aircraft cannot be controlled
without hydraulic power, and where certain mission requirements increase the probability of a
dual power failure, three hydraulic systems should be considered. Even though this is not
mandated by the regulations, it nevertheless represents prudent design practice. The
requirement to provide a redundant power source for the landing gear on aircraft so equipped

applies.

-13 -
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3.3.4 Loss of Electrical Generated Power: Hydraulic components and subsystems are increasingly
dependent upon electrical power to function properly. The electrical power generating and
distribution system should have equal or better redundancy than the hydraulic system. The
overall system comprising the electrical power supply, distribution and the flight control system
and it's components (control valves, pump mode selectors and directional valves, etc.) should
be configured such that following a complete failure of the main electrical system, the rotorcraft
can continue safe flight and land safely under these conditions.

3.3.5

3.3.6

In addition, the relationship between the electrical supplies to the hydraulic components and the
function of the hydraulic components must be carefully reviewed. This is especially true of

electronic |
inputs. Th
occur due

a. The ele
b. Compg
c. Afailur

Hydraulic
installed w
redundanc
contains a
switching \
power sou

If the aircrg
then it has
engines fa
and the ba
should be

transmissic
turbine (RA
fixed wing
Also findin
undisturbe

pgic systems which due to their high impedance inputs can be sub]
s must be reviewed in the context that a potentially catastrophicC|ev
0 a combination of single failures of:

ctrical and hydraulic systems;
nents within the two systems;
e of one of the systems and a component in the ether system;

bystem Backup Sources: Independent of the-number of separate s
thin the overall aircraft system, consideration has to be given to the
y of the power sources within the system.~ Usually each independe
main hydraulic power source, for example a gearbox driven hydrad
alve or PTU (Power Transfer Unit).@nd a backup power source. Tl
ce fails, the backup source will provide for continued safe operatio

1ft has all Primary and Secandary flight controls powered by the hy
to comply with 29.695(a).) This states that the aircraft has to be co
[. In order to comply.with this requirement, at least one of the mair]
ckup pump, or all pumps, must be driven off the main transmission
iriven off a separate drive train to prevent loss of all hydraulic pum
n shaft or gear failure. The backup source may be electric motor
T) systems“are not used on rotorcraft. The aircraft speeds are low
pircraft which would require a rather large turbine diameter and wo
) a laCation on the aircraft to mount the RAT, where the airstream i
,-may be difficult or impossible.

ect to spurious
ent might possibly

upply systems
e level of

nt system

lic pump, a
hus, if the main
n.

Hraulic system,

ntrollable when all
system pumps

Each pump

DS due to a single

driven. Ram air
compared with

uld be too heavy.

5 relatively

Another means to provide backup power has been the use of an accumulator. This approach
has extremely limited capability, as it provides power only for a very short time and thus is

useful only

as a means to control the aircraft for an emergency landing.

Hydraulic System Protection Devices: Consideration should be given to the use of protection
devices to provide some capability of operating key hydraulic subsystems following loss of the
primary system, or to protect against loss of the primary supply system due to a failure (leak) in

a subsyste

m or component.

Examples of these type of devices which can be used are:

-14 -
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3.3.6.1

3.3.6.2

3.3.6.3

3.3.6.4

3.3.6.5

3.3.6.6

Check Valve: This is the simplest of all protection devices and can be used to isolate
subsystems from the main hydraulic system. This then allows the subsystem to be supplied
by a secondary source:

a. An accumulator which can supply power for a finite time or number of cycles.
b. A backup pump having its own fluid supply separate from the main system.

Check valves can also be installed in the return ports/lines of the various components and
services to prevent loss of fluid from the reservoir due to return system failure. If it is possible
for the check valve to be dormantly failed open, a functional test to determine the correct

operatior) of the valve should be conducted at an interval specified by the re

Pressur

Maintaining Valve (PMV): This type of valve can be used toliselatg

from the main system whenever the pressure upstream of the valve'falls be
value. If[the subsystem has an accumulator, the use of a PMV enables the
supplement the flow from the main system pump. However following the lo

system,
subsyste

Priority
services

to supply
but respd

e valve would close and conserve the accumulator.stored energy
m.

alve: This type of device is used to isolate.nenessential functions f
n systems where the capacity limitation©fthe hydraulic power sup
all functions simultaneously. This type of device does not protect

exceeded. This will assure that flight essential services have priority over n

by limitin

Hydraulig
quantity
rate or fly

j, or momentarily interrupting, power flow to the nonessential funct

Fuses: This type of device measures fluid flow (Velocity or rate Fu
fluid quantity fuse) and-interrupts the flow of fluid whenever the pre
id quantity is exceeded. Rate fuses are usually installed in the airg

failed sulpsystem where thefailure results in excessive flow as occurs follow

A quantit
during a
closes wi

operatior].

y fuse is instalted in subsystems which always use a predictable an
normal opérational cycle, such as lowering or raising the landing g«
neneverthe fluid volume displaced exceeds the amount predicted f
Bath types of fuses have threshold limits which must be conside

iability analysis.

a subsystem
ow a specified
accumulator to
ss of the main
for the

om essential
ply is inadequate
against fluid loss

nds to pressure drops which occurlin a system when the pump capacity is

bnessential ones
ons.

se) or fluid

set value of flow
craft to isolate a
ing a line failure.
hount of fluid

par. The fuse

or normal

ed.

Electrical

Iy ﬁpnmmd Shutoff \alve: This fylnp of valve can bhe used to shut

ff all, or part, of a

system in accordance with the overall system design logic arrangement. It can be used to
isolate certain portions, or branches, of a system by electrically linking the valve to a reservoir
quantity measurement arrangement; by using signals generated by the computer of a failure
detection system, which uses pressure and/or fluid flow/quantity information, to generate
logical decision based upon various system algorithms.

Hydraulic Circuit Breaker (Flow Comparison Device): This type of device compares the flow
rate to and from a set of services. If there is a difference between the two rates, which
exceeds the normal rate by a predetermined value, a shutoff valve will be actuated to isolate
the faulty branch from the remainder of the hydraulic system. The circuit breaker and the
shutoff valve are usually combined into one component.

- 15 -
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3.4 Segregation

Requirements:

The location of components and the routing of lines has to consider the effects of a noncontained
engine burst (as required by FAR/JAR 29.901(c)), and that of an engine, tail rotor or connecting
drive shaft, or shaft coupling, failure. This is usually accomplished by routing the lines of each
independent system with sufficient physical separation between each other such that neither a
noncontained engine or a shaft failure can damage the lines or components of all systems.

It is mandatory for safe operation of the aircraft that hydraulic power is maintained at those
services required to maintain safe flight, which for a rotary wing aircraft is the rotor control

system. To

the transmis
box housing,
driven by a d
Supply lines

On some oc
single area.

conditions it
from being ¢
isolate this s
operational.

isolation or p
system folloy

Although lan
wing aircraft
brake and g«

sites or due {o the rotor down wash especially again in unprepared landing area

and installati

The use of ajJuminum alloy'tubing should be avoided in these areas.

Bird strike is
primarily due
areas, often

meet this requirement, it may be necessary to locate systems on.different sides of

5ion, which includes having the pump drive pads on opposite sides

It is also prudent to arrange the internal pump gearing to have ea
ifferent transmission section (Load path) well upstream ofthe final
should be routed on opposite sides of the fuselage.

Lasions it may be necessary to route the plumbingfrom all hydrauli
In a helicopter with a tail rotor drive, this usuallyds‘the tail pylon arg
may be possible to damage all hydraulic systems which would prey
pntrolled. For these reasons, consideration must be given to provig
ection of the system such that the primacy- Control hydraulic system
The use of localized hydraulic systems should be considered on ai
rotection means are inadequate to.@ssure continued operation of t
ving a failure in the critical area,-such as a tail drive shaft or shaft c

ding speeds of a rotary wing@ aircraft are much slower than those re
the landing sites are often less than ideal and damage to the lines
ar retraction circuit ean-occur as a result of landing in rough unpre

pn of the system must take this into consideration as required by F
less of a-threat for the hydraulic system in a helicopter than for fixg

to the lower airspeed, and because systems are normally located
Wwithin the shadow of the rotor disc. Where this is not the case, the

component |

of the main gear
ch drive pad be
combining stage.

C systems in a

pa. Under these
ent the aircraft

le means to
remains

rcraft where

he primary control
pupling failure.

quired by fixed
and hoses of the
pbared landing

S. The design
AR/JAR 29.729.

d wing aircraft,
n more protected
system routing,

Dbcations and chmm Ingin should he Phnngpd to prp\/pnf loss of all

ssential services

from a single bird strike.
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3.5 Maintainability Requirements:

351

3.5.2

3.5.3

General: A commercial rotorcraft has to be affordable and be able to operate economically.
Therefore, the hydraulic system has to be easy to maintain and be highly reliable.

The components and tubing within the aircraft should be located such that there is access and
adequate space for inspections, repair or replacement of them. The installation of tubing and
components should be such that it should never be necessary to remove a fully serviceable part
in order to gain access to a defective part. The tubing joints in adjacent tubing runs should be
located and configured to eliminate the possibility of cross connecting the lines when
performing| maintenance.

There should be easy access to those parts and components which require rggular servicing
and inspections; for example, hydraulic reservoirs, bleed and systemcdrain ports, accumulator
charging valves, fluid sampling points and filters.

The system should be designed as simple and foolproof as passible to maintgin. All functions
and servicipg instructions should be clearly written and simplé to comprehend{ All equipment
used to tropbleshoot or service the system should be straight forward and eagy to operate.

On aircraft| where design or airworthiness requirements dictate complex systems, this may be
difficult to achieve. In this case diagnostic systems should be considered.

Provision df Labels: Labels should be provided at strategic locations which will give relevant
informatior] to maintenance personnel forproper servicing of the aircraft withdqut the need to
refer to maintenance manuals for routine tasks. Typical labels which should ke fitted include:

Hydraulic fluid used

Instructions for servicing.oefireservoirs

Accumglator charging instructions

Identifi¢ation of important components, including system reservoirs
Procedures for depressurizing charged circuits or components
Identifi¢ation of.ground cart connections and specific ground cart operating instructions and
limitatigns

g. Fluid s@ampling instructions

~Poo o

Minimizing the Requirement for Regular Servicing: The system should be designed to require a
minimum of periodic checks, servicing or inspection requirements. Components should utilize
the "on-condition" monitoring instead of being removed for overhaul at regular intervals. The
components should be designed to the maximum practical life and tested to verify the adequacy
of the design. Where the component life is less than the airframe design life, the mean time
between failures of critical components requires them to be removed and replaced at a fixed
period so as to comply with the certification rules for safety and reliability.

-17 -
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3.5.4 Ease of Performing Routine Servicing: The system shall be so designed such that routine
servicing of the system is easily and safely accomplished. This requires that:

If accumulators are fitted which require periodic servicing with gas, there should be a standard
charging valve and a permanently mounted pressure gage. A gage with an integral charging
valve is the preferred installation. The gage shall be large enough to allow for easy
determination of the pressure. In the immediate vicinity of the gage/charge valve, there should
be clear, concise, easy-to-read servicing instructions, which should include a gas charge
pressure-ambient temperature chart. These services should also be provided for any hydraulic
reservoir which is pressurized by dry air or nitrogen.

The taking
system so
Fluid samp
accessible
provides g
procedureq
and operat|

Minimum U4
ground wit
will allow ¢
helicopter i
(APU) drivi
checkout o
section of
be declutc
requires in
over-runnir
engage an
This adds
burden.

3.5.5

3.5.6 Ground Se

of fluid samples shall be as easy as possible. The valves shall be
that samples from such a valve accurately reflect the condition-of t
ling valves should be installed in each independent systeni‘and loc
areas and allow use of standard sampling containers. <ARP4268/19
hidance for placement and location of the sampling valves. The sa
should state that the fluid samples shall be takemwith the system
onal.

se of External Equipment: The system should be designed to fung
h a minimum of external equipment and-Use if possible on-board ed
neckout and servicing of the hydraulic:system in remote locations if
s more likely to operate then fixedwing aircraft. An on-board auxil
Ng an accessory gear box or a pump or electric generator is prefer
ver the use of a main engine, Main engines have been used to dri

located in the

he system fluid.
ated in readily
0O 11217
mpling

fully pressurized

tion on the
uipment. This
 which the

ary power unit
red for ground
/e an accessory

he main gear box for grounid checkout, but this arrangement requifes that the engine

ed from the main rotor drive system during ground check-out oper
stalling a clutch in addition to the engine disengage clutch, which u
g, free-wheel, device. The former needs to be a clutch which can
d disengage the engine and accessory gear box from the main rotg
complexity and\weight to the gear train assembly and increases the

rvicing:» A central ground service attachment station should be pro

independe

and serviceegquipment for system checkout flushing, reservoir filling and bleg

nt-hydraulic system, which contains connections for the attachment

ation. This
sually is just an
be controlled to
r drive system.
maintenance

vided for each
s of ground test

ding. Self-sealing

couplings should be provided for each independent system for pressure, return and reservoir

fill.

Minimu

apop

Placards should be attached at the service connections stating:

Maximum system working pressure

m system flow rate

Ground cart connection and system identification
System hydraulic fluid

The accumulator gas charging provisions should also be located here. Access to reservoir and
system filters should be provided to allow for easy inspection of reservoir fluid levels and filter

differential

pressure indicators.
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3.5.7 Ease of Checking Operation of Components: The system should be designed to allow easy
check-out and diagnosis of system and component operation. Information relating to pump
flow, pump case flow and system temperature and pressures can be provided by built-in flow,
pressure and temperature sensors. An additional diagnostic aids to be considered are the
incorporation of valve position indication on directional or turn on/off valves and electrical
switches at the filter differential pressure indicators. This information can then be processed
either by on-board or ground based diagnostic equipment and used give the status of the
system operational capability, and to identify faulty components or systems when applicable.

3.5.8

Ease of Flushing/Draining/Bleeding and Filling of Hydraulic Fluid: The system should be

designed such that it Is easy to flush or drain hydraulic fluid from the system |
the fluid exceeds the chemical or particulate contamination limits specified by
manufactufer. NAS 1638 or AS4059/ISO11218 can be used to specify!fltid p
contaminafion levels. A class 8 or better system cleanliness level has-been th

practice. §

gravity limi

~J

Minimum U
will not be

3.5.9

3.5.10 Pressure
provided t
release va
position.

Pressurizg
the systen
bleed/relig
of draining
3.5.11 Use of Cqg
many con

a. Comni

olvent and water contamination, acid number, kinematic viscosity 4
s are specified by the airframe manufacturer.

se of Special Tools: The hydraulic system shall’be designed such
required for installation, removal and servicing.of components and

Release Valves: Where accumulators areinstalled in systems, me
D depressurize the system without having to operate the system. A
lves shall be of the normally closeddype to prevent valves being le

pd reservoirs shall be fitted Wwith pressure release valves to allow deg
n for component replacement. This device is commonly integrated
f valve. In spring pressurized reservoirs provisions shall be made
) of the hydraulic fiuid from the reservoir without fluid spillage.

mmon Parts; ln order to reduce the cost of ownership, the design
mon partsias possible. Included in this are:

on filter and /or filter elements used in more than one application.

n the event that
the airframe
articulate

e common

ind specific

that special tools
systems.

ans must be
Ml pressure
ft in the open

pressurization of
into the reservoir
o allow for ease

should use as

b. Comm

on/motor actuators or solenoids used on all valves in the hyr‘lrmllir‘

system.

preferred.

d.

Identical reservoirs which can be installed in each of the systems.

Hydraulic pumps which can be used in more than one system. One common pump is

(Every effort should be made to have as many common components as possible, unique
designs should only be used as a last resort.)
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3.6 Reliability Requirements:

To optimize the utilization of commercial rotorcraft, the hydraulic system must be highly reliable
meeting or exceeding the reliability guaranties as agreed to between the manufacturer, user and
airworthiness agencies. In order to achieve these guarantees, it is essential to have a sound
overall system design. This can be achieved by regular reviews of the system design by the
design, reliability and product support specialist engineers. Previous aircraft designs should be
reviewed to determine where failures and problems have occurred, to assure that they will be
eliminated in the new system. The use of "Lessons Learned" from other aircraft should be
encouraged and incorporated where applicable.

The compon
each compo
within the sy
qualification
it will be subj
provided the
to the previo

No single fai
taken to avo
come togeth
in loss of all
proximity of 4
rip-stop desi
should be m

4. GENERAL HY]

It should be ng
there are diffel

The detail des
compliance ca
29.605, 29.13(

ents used within the system should be thoroughly scrutinized. The
nent should be clearly written to accurately reflect the operation’ of
stem as well as its performance requirements. The duty cyele quo
fest requirements for the component should accurately:.reflect the d
ected in service. If possible, components used on other aircraft sh
/ have been found to be reliable in service, and their use in the nev
s installation.

ure shall cause loss of more than one hydraulic system; therefore,
d points within the hydraulic system where two or more different hy
er in one housing. This is a commonfailure mode. A cracked hou
hese systems. As a requirement allprimary systems shall never b
pach other, regardless of the precautions taken. Where tandem ag
yn should be used to separate the two systems. Maximum possibls
hintained between the pressure and return connection.

DRAULIC SYSTEM AIRWORTHINESS REQUIREMENTS:

ted that the equivalent FAR and JAR requirements are not always
ences between the requirements, they are discussed in the followi

gn of each' commercial transport helicopter hydraulic system has tq
N be demonstrated with the requirements of 29.307, 29.601, 29.60
1, 29:1315, 29.1322. These requirements are general ones that h

ﬂ

specifications for
he component

ed and the
onditions to which
puld be used

U system is similar

care should be
draulic systems
5ing could result
e within close
tuators are used,
e separation

the same. Where
g sections.

be such that
p*, 29.603,
ave an impact on

the hydraulic
*JAR only

4.1 FAR/JAR 29

/Stem
7

.307 - Proof of Structure:

This requirement demands compliance with the strength and deformation requirement of a
subpart or element must be shown for each critical loading condition for the environment to
which the structure will be exposed during operation. Structural analysis may be used only if the
structure conforms to those for which experience has shown this method to be reliable. In other
cases, substantiating load tests must be made.
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4.1.1 FAR/JAR 29.307 (1) - Dynamic and endurance tests of rotors, rotor drives and rotor controls:
Compliance to this requirement is usually performed on a test-rig and a ground-test-vehicle.
Element testing should be done on the test rig using the load and usage spectrum developed
for the rotorcraft. System testing of the hydraulic system including all supply and distribution
system is usually performed on the ground test aircraft, which is a full-up aircraft tied to the
ground while exercising the rotor, rotor drive and control (including the hydraulic systems) in
accordance with a typical flight profile.

4.1.2

FAR/JAR 29.307 (6) - Any additional tests required for new or unusual design features: Under

this requirement nonrotor control elements are tested. Compliance with this requirement is

done by linpit and ultimate load and endurance testing of each element or sub

accordancst
this catego

4.2 FAR/JAR 29

This requirer
design featu
design phasé
those areas
new design.
then these s
4.3 JAR 29.602
This requirer
the failure of
a critical part
and overhau
4.4 FAR/JAR 29

This requirer
effect safety

e with the manufacturers, regulatory agency approved test plan.) Itg
ry are landing gear retract systems, rescue hoist and cargo winch

601 - General:

nent calls for the overall hydraulic system, subsystems or compons
es that experience has shown to be hazardous‘er ‘unreliable. Hen
e, there should be emphasis placed on reviewing previous aircraft S
vhich have been problem areas, and to ensure that they are not re
If however, it is considered that there are 'some features which are
nould be proven by rigorous testing prior to incorporating them on t

Critical Parts:
nent states that all part of-the hydraulic system which are defined g
which could be hazardous'to the safe operation of the rotorcraft, m
s plan. The critical parts plan is a plan which controls the manufag
of the part via a defined and controlled plan.

603 - Materials:

nent states that the suitability and durability of materials, the failurg
must:

system in
ems tested under
hnd hoist systems.

nts not to have
ce, during the
ystems to identify
peated on the
guestionable,

he aircraft.

s critical parts,
ust be subject to
ture, servicing

of which could

a. Be esta

ished on the bhasis of nyppripnr‘p ortest

b. Conform to approved specifications that insure that the material have the strength and other
properties assumed in the design data

In order to comply with this requirement, the materials used in the hydraulic systems shall
conform to the applicable aerospace specifications referenced herein.
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4.5 FAR/JAR 29.671(c) - Control System Check-out Prior to Flight:

4.6

46.1

4.6.2

4.6.3

4.6.4

This regulation requires that a means must be provided to allow full control movement prior to
flight. Since hydraulic pumps are transmission driven, hydraulic power must be made available
prior to rotor engagement. Unlike fixed wing aircraft, rotary wing aircraft cannot perform control
system check-outs on the ground with the rotor turning. On aircraft with battery start, a small
electric motor driven pump (EMP) has been used. Helicopters with auxiliary power units (APU)
can be used to supply power via a direct mounted pump, an APU driven accessory section of the
gear box or an APU mounted generator driving an EMP. Also main engine driven clutched
accessory gear boxes have been used to supply ground power.

FAR/JAR 29

This requirer
applied to th
equipment:

Qualificatid
shownto b
demonstra
accordancst

Identificatid
number an
limitations

The hy
Systen

coow

Directid

Installation

for that equipment. This means that it is the responsibility of both the aircraft

the equipm
to which th

Maximyim operating temperature.

1301 - Function and Installation:

nent is concerned with the equipment that is installed in the.aircraft
e hydraulic system, it has the following requirements for €ach piecs

n of Each Component: Each component shall be of a kind and de
e appropriate to its intended function. Compliance with this requirg
ed by ensuring that every installed part of-the hydraulic system ha:
e with the aircraft manufacturer's specification.

n of Each Component: Each component shall have a part numbel
d, where appropriate, function and/or operating limitations. Examp
can include:

fraulic fluid used.
working pressure.

n of rotation of@ pump or motor.
Limitations:~Each component shall be installed according to the lir

ent suppliers to ensure the parts are not subjected to conditions th
P part has been qualified, for example:

. Wheniitis
of system

5ign that has been
ment is usually
5 been qualified in

and serial
es of appropriate

hitations specified
manufacturer and
At exceed those

Workin

coow

g pressure

Fluid and/or ambient temperature
Pressure impulse limitations
Vibration environment

Demonstration of Satisfactory Operation: Each component shall have been shown to operate
in a satisfactory manner. This is usually demonstrated during the aircraft development and
certification testing program. This is in addition to the routine function tests conducted on the

aircraft for

production and maintenance purposes.
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4.7 FAR/JAR 29.1309 - Equipment, Systems and Installations:

In addition, there are other requirements which are presented below:

The requirements contained in this section are frequently used when the requirements and

objectives are formulated for the hydraulic system architecture and installation in the aircraft. The
implications of the requirement in terms of system redundancy and segregation requirements are
discussed in 3.3.

4.7.1 Correct Operation of the Hydraulic System: The hydraulic system must be designed so that it

4.7.2

will be ablg
assessmer

a. Critical
b. The eff
installa

This may b

Quialifig
Aircraft
Design
Refere

coow

Hydraulic S
providing w

a. Alert th
b. Enable
actions

In addition

to function correctly under any foreseeable operating condition., A
t for the hydraulic system, the following should be considered:

environmental conditions including vibration, and acceleration load
ect of system pressure on the hydraulic system, the equipment and
ion

e demonstrated by:

ation testing of components

and laboratory (Iron Bird) testing of the«hydraulic system
analysis

nce to comparable service experience on other aircraft.

bystem Indicators and Warnings: The hydraulic system must incor
arnings to the flight crew of failures within the system:

e crew of potential unsafe system operating conditions;
the crew or vehicle;management system electronics to take appro

the operation of the hydraulic system, its controls, associated morj

s part of the

S,
the system

borate means of

priate corrective

itoring and

warnings, Ihas to be\designed to minimize crew errors which could create additional hazards. In

order to co
indications

mply<with this requirement, hydraulic systems usually provide the f
and’'warnings:

bllowing

a.
b.

The supply pressure in each independent hydraulic system
Low pressure warnings that notify the flight crew of the loss of a hydraulic system or the

failure of a hydraulic pump to generate output

2o

to a fail

ed tube, seal, etc.

High hydraulic fluid temperature by an overheat warning light and/or a temperature gauge
The quantity of hydraulic fluid in each independent hydraulic system reservoir
Low reservoir fluid quantity warning to notify the flight crew of the loss of hydraulic fluid due

Valve position indications to inform the flight crew of the ineffective operation of important

selector valves such as those for pump and/or system isolation and landing gear
retract/deployment.
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4.7.2 (Continued):

The crew drills (check lists) shall utilize the information provided by the hydraulic system
indicators and warnings. Therefore, the system operating procedures have to be written so that
the flight crew are able to correctly diagnose the fault and take the necessary action to isolate
hydraulic pumps, operate backup pumps, shut down hydraulic systems, etc., as applicable. In
addition, it should be possible for the flight crew to diagnose a faulty transducer or warning
switch by referring to other indications that are provided. This can be achieved, for example, by
comparing the pressure indicated on a gage to determine if there is a genuine low system
pressure condition or if the pressure switch is defective.

It should b¢ noted that much of the operation and control of the hydraulic System, when faults
have occurred, should be handled by the vehicle management system electropics, if this is
fitted to thq aircraft.

4.8 FAR/JAR 25(1322 - Warning, Caution and Advisory Lights:

This requirement details the colors that are required for warfing, cautionary and advisory lights
that are instglled in the cockpit.

If the lights gre used for warning purposes to indicate a hazard which may requlre immediate
corrective adtion, then they must be Red in color. An example of the application|of a Red warning
is for engineffire indications.

If the lights gre used for cautionary purposes to indicate the possible need for fyiture corrective
action, then they should be Amber in color. Examples of the applications of Amber warnings for
the hydraulig system are low supply pressure, low reservoir fluid quantity warnirjgs.

If the lights gre used in an advisory manner to indicate safe operation, then they should be Green
in color. An pxample of the @pplication of a Green warning is the landing gear down and locked
indications.

When the systems are-operating correctly, there should be no warning or cautign lights
illuminated.

5. SPECIFIC HYDRAULIC SYSTEMS AIRWORTHINESS REQUIREMENTS:

Each commercial transport rotorcraft hydraulic system has to comply with the requirements of
FAR29.1435 and/or JAR29.1435 regulations. This section of the FAR/JAR Part 29 regulations
contains the specific requirements for the design of hydraulic systems. The JAR requirements are
indicated where they are different from, or where there is no equivalent FAR requirement.

5.1 Part (a) - Design:
This part provides a series of requirements which are concerned with the design of the system

and each individual part of the system from tubes and fittings to complex hydraulic parts (all
defined as elements).

-24 -



https://saenorm.com/api/?name=3cadc463513bd819da25e14dfde715bd

SAE ARP4925

5.1.1 FAR/JAR 29.1435 (a)(1): This requirement is concerned with the strength of the elements. It
requires each element of the hydraulic system to be designed to withstand the design operating
pressure loads in combination with limit structural loads which may be imposed. The design
operating pressure is the maximum normal operating pressure, excluding transient pressure.
No permanent or temporary deformation of the element is permitted under these conditions that
would prevent it from performing its intended function.

51.2

51.3

FAR/JAR 29.1435 (a)(2): This requirement is concerned with the strength of each element. It
requires that each element must withstand, without rupture, the design operating pressure
loads multiplied by a factor of 1.5 in combination with limit (maximum operating) structural loads

that can re
operating
nominate 4

Complianc
during the

Some airch
requiremet
exceed, the

FAR/JAR 2
system pre

a. The sy
landing

In the ¢
continu
pressu
cathod
low sys

psonably occur simultaneously. The design pressure Is the maximu
ressure, excluding transient pressures. It should be noted that it S
n artificially elevated pressure to account for high surge presstres

e with the requirements (a)(1) and (a)(2) for each element’is usuall
nualification testing.

aft manufacturers choose to use MIL-H-5440, Table 1 requirement
ts of the elements. The MIL-H-5440 strengthrrequirements are eq
e requirements of FAR 29.1435(a)(1) and (a)(2).

9.1435 (a)(3): This requirement is concerned with the flight deck ir
ssure for each independent hydraulic system if:

stem is required to perform a function that is essential for continued

vent of a system malfunction, requires corrective action by the cre
ed safe flight and4anding. Indication of system pressure is normal

m normal
acceptable to
(see 6.1.1).

y demonstrated

s for the strength
uivalent to, or

dication of

safe flight and

v to ensure
y provided by a

e transducer that;sends electrical signals to a dedicated gauge or
e ray tube (CRT) or flat panel displays and a pressure switch that g
tem pressure.

to include

R Rart 29 regulations differ here from Part 25 in that the FAR/JAR
iding reservoir quantity cockpit indication. But it would be prudent

s presented on a
jves a warning of

R 29 does not
for the designer
ed, indication of

system fluid quantity is usually provided by a transducer located in the system reservoir which
sends electrical signals to a dedicated fluid quantity indicator or CRT or flat panel displays, and
a low quantity warning provided by a switch that operates when the fluid in the reservoir falls
below a predetermined level.
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5.1.4 FAR/JAR 29.1435 (a)(4): This requirement dictates that there must be means to ensure that no
pressure in any part of the system will exceed a safe limit above the maximum operating
pressure and to prevent excessive pressures resulting from any volumetric change in portions
of the system likely to remain closed long enough for such a change to occur. The possibility of
transient (surge) pressures during operation must be considered. The requirements are usually
satisfied by:

515

5.1.6

a.

pump pressure regulation system.

Installation of system relief valves which will limit the maximum system pressure in case of a

The ins

Limit tr
especia
ripple d

FAR/JAR 2
system in t
excessive

This mean
designed t
Design Ha
for the inst
carefully sq
first flight.

FAR/JAR 2
provided tq
vibration e

In order to
the areas

a. Hoses

tallation of thermal relief valves in closed systems;

hnsient surge pressures by using controlled rate opening valves, lin
ly in aiding load situations and reduce pump ripple pressures by ir
ampers. (Pumps with integral ripple dampers are preferred).

9.1435 (a)(5): This requirement is concerned withithe installation
he aircraft. This requires that each element is installed and suppor
ibration, abrasion, corrosion, mechanical damage and to withstang
5 that the component and tubing supports,.and brackets, etc., must
b ensure that these requirements are met:~Of particular importancs
ndbook for the Company/aircraft which, must provide clear guideling
hllation of hydraulic elements. In addition, each installation in the
rutinized by the installation designer and the airworthiness authori

9.1435 (a)(6): This requirement calls for the means of providing fle
connect points in a hydraulic tube between which relative motion d
ists.

comply with.this requirement, any of the following should be used,
vhere thesé‘eonditions can occur:

seed:6)

nit actuator rates
stalling suitable

bf the hydraulic
ted to prevent

| inertia loads.

be carefully

e therefore is the
s and procedures

znircraft should be

es prior to the

xibility to be
r differential

as applicable, in

b. Coiled

||hing inaccordance with ARP584 for steel hlhing, ARPA4146 for tit

nium tubing.

Looped, or straight aluminum tubing, should not be used between two connections where
there is designed relative motion. A stress analysis should be performed to determine the

correct

utilized

wall thicknesses for tubes which are coiled.

Tubing can be used in torsion where there is little angular motion (up to 5 degrees).

Swivel joints should be used only when circumstances do not permit hoses or tubing to be
, for example, limited space.
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5.2.1 FAR/JAR 2

5.3 Part (c) - Firg¢ Protection:

5.3.1 Prevention|of Ignrtron of Fluid or Vapor:

5.1.6 (Continued):

When using coiled or noncoiled tubing to provide flexibility, the tubing should be qualified by

conducting a specific test program. This should include the application of ang

ular

displacements on the tubing, while applying pressure impulse cycles simultaneously. The
number of flexure and pressure cycles shall be predicated on the anticipated usage and

applicable factors.

5.2 Part (b) - Tests:

ulates the tests that are required to be conducted on the aircrafthy
llows:

This part stig
and are as f(

9.1435 (b): This requirement states that each element of the syste
to a proof pressure of 1.5 times the maximum pressure to which thetelement

in normal gperation, without failure, or detrimental deformation, oPany part of
is a one tine test only and it is recommended that these tests\are performed

aircraft durjng the aircraft flight development/certification program. Detail elen
system maly be tested and compliance verified in labaratory testing. All elem
shall remain usable following proof pressure testing and shall not evidence an
permanent|deformation.

For endurgnce requirements see FAR/JAR 29:307

This requirernent calls for each hydraulic system that uses flammable hydraulic
applicable requirements of 29.863, 29.113, 29.1185 and 29.1189. The fire safe
insist that the hydraulic fluid used'in modern day hydraulic systems should be ¢
flammable eyen though they might be fire resistant. Compliance with these req

In any area where it is possible that h

vapor maylbe
precautions that should be undertaken in order to achieve this include:

draulic system

M must be tested
will be subjected

the system. This
bn a development

ents of the

ents of the system
y sign of

fluid to meet the

ty definitions
bnsidered to be
uirements will be
which highlight
aft. The following

ydraulic fluid or
vapor. The

a. Shrouding the installation where applicable

b. The use of fuses to prevent an excessive volume of hydraulic fluid from impinging on hot
surfaces, particularly rotor brakes or hot ducting

c. Providing ventilating air to prevent buildup of vapors

NOTE: Fuses should be used only in applications where either the required fluid quantity is
known; a quantity fuse, or where the fluid flow is bound as in an accumulator recharge

circuit; a velocity fuse.

- 27 -



https://saenorm.com/api/?name=3cadc463513bd819da25e14dfde715bd

SAE ARP4925

5.3.2 Precautions for Installations in Fire Zones:
a. Hoses that are located in the fire zone should have a means of protecting them from high
temperatures, preferably by using integral firesleeves. They should meet the requirements
of TSO C-75 and/or AS1055.

b. Aluminum tubing and fittings shall not be used in a fire zone.

c. Any components located in fire zones shall be fire resistant. Compliance should be
demonstrated through suitable testing, for example, in accordance with 1ISO2685.

d. Shutoffl devices should be installed to limit the amount of fluid into thefire'zone. Activation
of thesg device should be via the relevant fire emergency handle.

5.3.3 Location of Hydraulic Reservoirs: There should be no hydraulic reseérvoirs logated in a
designated fire zone. There must be at least 1/2 in space between any hydraplic reservoir and
any firewall or shroud isolating a designated fire zone. In addition, any absorbpent materials
close to th¢ hydraulic system components must be covered or treated to prevent the absorption
of hazardops quantities of hydraulic fluid.

5.3.4 Precautiong for Electric Motor Driven Pumps: Electric motors that are used td drive hydraulic
pumps must be explosion proof and approved by:suitable testing.

6. DESIGN PRACTICES AND GUIDELINES:
This section de¢scribes the general design(practices that have been adopted for njodern day

commercial rotorcraft hydraulic systems and provides guidelines for future hydraylic system
designs.

6.1 Pressure Linpitations:

6.1.1 System Pressure: Asmsoted in Section 3, if the maximum hydraulic system wagrking pressure is
3000 psi (40,690 kPa) and, in order to comply with FAR 29.1435(a)(4), the maximum transient
pressure should not exceed 3750 psi (25 862 kPa). However, the components may be
designed tp a higher nominal pressure to account for surge pressures greater| than 125% of
system pressure

Lines, fittings and equipment in the return circuits should normally be designed for one third the
nominal system pressure. However, designers may wish to nominate other pressure levels,
dependent upon the philosophy adopted for the system design or if it is considered that the
return pressure surges may be high. One example of this is the pressures chosen for heat
exchangers. These are required to have thin walls for maximum efficiency and hence will not
be able to withstand high working pressures. Therefore, it is suggested that these units can be
designed for a working pressure that is twice the system reservoir pressure. This is provided
that the heat exchanger is located relatively close to the reservoir.
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6.1.1

6.1.2

6.1.2

6.2

.1 Back Pr

(Continued):

The hydraulic reservoir pressure should be as low as possible in order to ensure that there is as
little back pressure as possible to hydraulic fluid returning from the services or pumps to the
reservoir. The level of pressure required in the reservoir should be calculated using the
guidelines as laid down in AIR1922. This takes into consideration the need to have the
pressure high enough to accelerate fluid into the pump to prevent cavitation of the unit.

Back Pressure: The system should be designed such that proper functioning of any unit, such
as internal actuator locks, will not be affected by the back pressure or changes in the back
pressure of the system. The system, or systems, should also be designed sugh that
malfunctiofing of any unit in the system will not render any other subsystem; €mergency
system, or|alternate system inoperative because of back pressure. In addition, consideration
should alsg be given to the effects of hydraulic fluid with a high viscosity at low fluid
temperatures and/or high flows, on other units/subsystems due to.the potentially high back
pressures hich can be generated under these circumstances.

ssure Affecting Brakes: Back pressure resulting from the operatiop of any unit while
ft is on the ground should create no greater back pressure at the Qrake control valve
return port than 90% of that pressure which will cause contact of braking suffaces. This
requirement applies to both wheel and rotor brake systems. In addition for boosted wheel
brake systems, the supply pressure to the brake system should not drop below the maximum
brake opgrating pressure during the operation of any other subsystem in the aircraft during
the taxi, landing or takeoff.

the aircr

Reservoir Pressurization:
On many rotprcraft, the reservoiris located very close to the pump, resulting in g suction line of

2 ft or less (.5 m). For small-aircraft, having low capacity pumps and limited altitude
performancel requirements, nonpressurized reservoirs have been used successfully. When using
nonpressurized reservoirs the following precautions should be taken:

a. Assure the suctien-ine is of sufficient size to assure proper pump inlet pressure under all
operating conditions.

b. System re

c. The vent system is equipped with means which will prevent ingress of moisture and
contamination.

6.2.1 Spring Pressurized Reservoirs: A method used to pressurize the reservoir is to use a

mechanical spring acting on the separator. The design may use a piston separator or
diaphragm. The relatively low reservoir pressure requirement due to the close proximity of the
reservoir to the pump, the weight penalty associated with the mechanical spring is acceptable
and the design is relatively simple and reliable.
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6.2.2 Hydraulic Pressurization: A method of pressurizing hydraulic reservoirs that incorporate a
piston is to utilize the system hydraulic pressure, acting on a differential piston, to achieve the
required tank pressure. The value of tank pressure achieved is directly related to the ratio of
the areas of the high and low pressure pistons. This type of reservoir is known as a bootstrap

reservoir.

It is recommended that, if possible, the high pressure source be linked to an accumulator which
is isolated from the main system by a check/relief valve. This means that if the main hydraulic
system is shut down, then the tank remains pressurized until the accumulator hydraulic
pressure has fully decayed. Another method to accomplish this has been to incorporate a

mechanicaf spring into the design which will supply a partial pressure, sutficie

with a weig

a. It minin

b. Itensu
preven
system
6.2.3 Pneumatic
rotorcraft, i
guidelines

6.2.3.1 Pneumafic System Equipment: Each reservoir should have the following ed

a. Outw
(1) A

2T
re

Therd
there
being

ht penalty. This has the following benefits:

hizes the possibility of pump cavitation during subsequent starting U
es that the gland seals in hydraulic actuators are energized by bag
as the fluid temperature decreases.

Pressurization: Another method, less widely used on commercial

S by regulated engine bleed air. If this.type of system is used, ther
are recommended:

ard (overboard) relief valve(to protect the reservoir in the event of:
failure of the pneumatie system regulating valve; or

he buildup of préssure which could occur with an overfilled reservo
turning to the'reservoir with the operation of unequal area actuato

b should.be tubing provided to vent any air from the valve directly o
py prevent any buildup of hydraulic mist occurring as a result of hy
entrained in the air being exhausted from the valve. The setting

shoul

Nt for start up, but

p of the pumps.

e pressure. This

s the possibility of external fluid leakage and ingress of air from anmbient into the

ransport
the following

uipment:

r, and/or fluid
S.

verboard and
raulic fluid vapors
the relief valve
nstant tank

pressure as the aircraft altitude decreases. However, if the valve does operate every
flight, then there should be a secondary means of protection, for example an additional

relief

valve or a "burster" disc.

An inward relief valve to protect the reservoir if there are conditions where the outside

pressure could be greater than the reservoir internal pressure, for example, following the
loss of the pneumatic pressure.

Both relief valves should have the minimum possible leakage of reservoir air pressure to
ambient in order to maintain tank pressure for as long as possible. This is in order to

minimize the possibility of pump cavitation during subsequent engine starting and during
ground checks.
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6.2.3.1 (Continued):

c. Pressure gauges to provide indication of reservoir pressure. These can be used when
performing checks on the pneumatic system, or ensuring that the reservoirs are correctly

press

urized prior to the operation of the hydraulic system pumps.

d. Low pressure switch to provide a warning to the flight crew that there is a system fault
such that the reservoir is not adequately pressurized and may lead to limited pump flow
capability and premature failure of the pumps due to cavitation. Care should be taken as
to the choice of settings of the switch in order to avoid spurious warnings as it can be

possiple for the reservoir pressure to decay due to the available bleed pfessure being

lower

e. A megans to pressurize the reservoir from ground rigs.

f. A chq

reserpoir. This is in order to maintain pressure in thefeservoir when the

down

etc. An additional check valve should also be installed in each pneumat
nt hydraulic fluid from entering the cabin air supply ducting or othef pneumatic
piling to close.

preve

systems in the event of the check valve that is located at the reservoir, f

6.2.3.2 The pnel
incorporg

and thereby prevent pump cavitation during backup pump checks,

imatic pressurization system should include: Pressure regulating \
te the following features:

than the regulating pressure, particularly during the aircraft descerLt with the engines
at idle settings.

ck valve should be installed in the pneumatic pressurization line clpse to the

engines are shut
engine starting,
c line so as to

alves that

a. A regulation mechanism to regulate the air pressure within the required folerance of the

nomi
b. Afilte

c. Areli
regul

d. Ares

pal setting.
r to prevent particulates from the pneumatic source from entering |

ef valve which prevents over pressurization of the reservoir followin
htion meehanism of the valve.

trictor to limit the maximum available flow from the regulating valve

failur

b of a pnmnmnfir‘ chmm pipp downstream of the valve

he system.

g a failure of the

in the event of a

e. Means to remove moisture from the pneumatic pressurization system air and so control
the water content in the hydraulic fluid. The dew point of the air in the reservoir should be
below the lowest ambient temperature that would be encountered in service.

6.2.3.3 Pneumatic Sources: There should be more than one source of pneumatic pressure to each
reservoir so that in the event of the loss of that source, the reservoir can still remain
pressurized for the remainder of the flight, and hence minimize the possibility of pump
cavitation.
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6.2.3.3 (Continued):

Care should be taken to ensure that the source(s) of pneumatic pressure is (are) sufficient to
provide adequate pressure to the reservoir throughout the aircraft flight envelope. This
particularly relates to the engine stage at which the bleed air is tapped.

6.2.4 Gas Charge Pressurization: If the reservoir is a separated type, then one of the methods of
pressurizing the reservoir is by a fixed gas (for example, nitrogen) charge. The reservoir is
pressurized via a charge valve from a rig. Instructions should be provided that the charge
should be conducted at a constant temperature. The following guidelines are recommended:

a. Each re
system

b. The ac
temper
reserva

c. The cra
maxim
gas ch

6.3 Fluid Velocit

Tubing size
but not limitg

a. The alloy

b. The neeq
125% of

c. Back pre
pump se

eservoir should have its own charge valve, relief valve (to protect th
from excess charge pressure) and a pressure gauge.

ual pressure to charge the reservoir should take into account the 3

ature and the fluid level in the reservoir. This is to ensure that ther

ir pressure with the minimum normal operating fluid-level.

Icking pressure of the relief valve should be such that it should not
m normal operating fluid level in the reseryoir which in turn causeg
rge pressure.
Limitations:

hnd maximum fluid velocity for each system should be determined
d to, the following:

yable pressure drop at minimum required operating temperatures.
| to limit pressure,surges, caused by high fluid velocity and fast res

working pressure.

nsesddrain pressure for regulation purposes.

d. Pumpinl

e reservoir and

mbient
b is still adequate

operate with the
the maximum

by considering,

ponse valves, to

Ssure inketurn lines as it may affect brake operation, and pump outlet pressure if the

bt pressure _as affected hy Inng suction lines and.a high response

Fate variable

displacement pump. Consideration should be given to both pressure surges and cavitation.

6.3.1 Fluid Flow Effects: The system should be so designed that the malfunction of any unit or
subsystem will not occur because of reduced flow, such as created by single pump operation of
a multipump operation. The system should also be so designed that increased flow will not
adversely affect the proper functioning of any unit or subsystems, such as increased flow rate
caused by accumulator operation or units affected by the operation with aiding loads.
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6.4 Subsystem Isolation:

6.5

6.6

Where two or more subsystems are powered by a common pressure source, one of which is
essential to flight control operation and the other is not, there should be means to:

a.

Hydraulic System Filling:

Ensure that priority of supply is given to the flight control operation subsystem when there are
high flow demands on the pressure source.

Ensure as much as possible that each power source can be so configured that if a
nonessential subsystem is damaged, it can be isolated to assure that the subsystem essential
to flight dperations can still be employed.

If possible, tihere should be an on-board pump which can transfer fluid‘from a cpntainer into each
of the systemis. In addition, or as the primary means if no filler pump is fitted, cpnnections should
be provided which allow filling from a low pressure source. Selfssealing couplings or check
valves integrpl with hydraulic fittings are often used for attachment to ground filljng connections.
A dust cover| secured with a chain or safety strap, should-be provided for each filling connection
to protect the fitting when not in use. The reservoir levelindicator should be visjble from this
location or a|remote level indicator should be locatedcat this point. Any fluid that enters the
system should be filtered prior to it entering the system, preferably by a nonbypgass type filter with
a filtration rafing that is at least equivalent to theaircraft's system filters. It is nqt recommended
to fill the system by direct pouring of the fluid.into the reservoir. This is becausg of the ease of

introducing gontaminants into the system by-this method.

Removal of Entrapped Air:

Suitable means, such as bleeder.valves, should be provided for removal of entrppped air.
Disconnectign of lines or looSening of tubing nuts does not constitute suitable means.

Particular ar¢as of the system where bleeding is required are:
a.

b.

Brakes

Hydrauli( reser/oirs (if a Qplnnmmd fylnn)

Pump suction and/or case drain lines
Actuator installations at elevations above reservoirs
Actuators controlled by three-way valves where air may be trapped without being able to

return to the reservoir. This condition can also occur when four-way valves are used,
particularly when the fluid path between the valve and the actuator is long.
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6.6

6.6.1 System Ai

6.7

6.8

(Continued):

Ideally, however, equipment and system configurations should be designed, as

much as

practical, to automatically scavenge free air to the reservoir or other collections points, where
operation will not be affected, and where release of the air can be conveniently accomplished.

The bleeder valves should be so located that they can be operated without necessitating the
removal of other aircraft components. The valves should be installed so as to permit the
attachment of a flexible hose so that fluid bled off may be directed into a container.

It may be dekired to install an air removal device, in addition to manual bleed valves, particularly

at the reservpir, to vent undissolved air from the hydraulic system without oper

or intervention.

The automatic bleed valves should be designed such that in the case of afailurg of the valve in
the open pogition, leakage of fluid shall be minimal. In the most adverse case qf flight duration,
pressure and temperatures, the leakage should not be such as to cause the loss of the hydraulic

system. Thg automatic bleed function can be combined with the manual bleed
relief valves.

Tolerance: The system should be designed-and configured such

and reservoir

hat the presence

of entrapped air in actuators and motors does not cause sustained loss of syqtem pressure or

degradatioh of system performance during all congditions of intended performg

nce. When

performing| calculations which include bulk modulus, an allowance for the effeft of entrained air

in the fluid should be made in the value assigred for the bulk modulus. For M
MIL-H-832B2 values from 110,000 to 160,000 psi have been used. The actus
should conjsider the criticality of the particular application being analyzed.

Subsystem Rressure:

Any subsystéms, which use apressure lower than the full system pressure, shg

IL-H-5606 and
| value used

uld be designed

to withstand jand operate underthe full pressure, or should have an adequate relief valve installed

downstream [of the pressure reducing valve if the full pressure would be detrime
dangerous.
reducer, proyided that.the relief valve mechanism is independent of the mechar]
pressure reducer:

System Intercarnections:

ntal or

he relief valve could be incorporated into the same housing as the pressure

ism of the

For those aircraft where there are two or more independent hydraulic systems, there should not
be any point in the system where they come together, even though they might be separated by
shuttle or control valves. This is because, under these circumstances, there is always the
possibility of fluid transfer from one system to another. This is unacceptable because it results in
major maintenance penalties in the subsequent draining, replenishment or functioning of the

systems to transfer the fluid back to the original reservoirs.
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6.8 (Continued):

However, it is acknowledged that acceptable design practices and in-service experience has

allowed a deviation from this requirement. The majority of the deviations are in designs where
back up systems are connected via valves to a primary system. Where two systems are in a
single component such as in a dual actuator, the component must be designed to preclude a

single failure

6.9

causing the loss of two systems.

Component Design:

It is recomm
guidelines cq
document ar

The compon

a. Install th{

b. Be able t
c. Tamper

The compon
impulse and

6.9.1 Standard Q
specificatid
customized
requiremet
nuts), the ¢

6.9.2 Fixed Oirifi

diameter s

two-thirds

bnded that the components used in the hydraulic system should €0
ntained in MIL-H-8775 and the applicable component specification
d AIR737, with modifications as necessary to suit the particular ap

ents should be designed so that it is not possible to:

bm incorrectly

D have the wrong tubes connected to them

vith adjustable features during general.aircraft servicing

ents should be the lightest weight possible so as to be able to mee
endurance/operational requirerpents, and not compromise the relig

omponents: Components that comply with industry consensus or
ns, or are existing components, should be used in preference to sf
components wherever-they are able to conform fully to the aircraf
ts. When standarditems are used (such as O-rings, screws, was
tandard number should be used and not a vendor allocated part n

es: Orifices-larger than 0.012 in (0.30 mm) but smaller than 0.070
nould be'protected by adjacent secondary filters having screen ope
bf the diameter of the orifice being protected. Orifices smaller than

(0.13 mm)

of increasimg-the arifice diameter and allowing the use of coarser strainer elen

should not be used. Multiple-orifice fixed restrictors are recommer

E

nform to the
s identified in this
blication.

[ the strength,
bility of the units.

standard military
ecially designed
component
ers, adapters,
mber.

in (1.78 mm) in
nings one-third to
0.005 in diameter
ded as a means

hents, thus

minimizing the risk of clogging. Orifices and secondary filter elements should be strong enough
to absorb system design flow and pressure without rupture or permanent deformation.

6.10 Accumulato

rs:

Accumulators should be installed with the utmost consideration given to the protection of the
flight and ground crew, passengers and critical parts of the aircraft in the case of structural
failure or loss of the accumulator end cap. The accumulator must not be mounted so that a
structural failure will propel failed parts into the cabin, flight deck or areas where components
critical for safe flight may be damaged. The accumulators should be designed in accordance
with MIL-A-5489, ARP4378, ARP4379, or ARP4553 requirements and the standard drawings
listed therein.
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6.10 (Continued):

They should

be charged with dry aircraft quality nitrogen in order to:

a. Prevent the possibility of any dieseling action and consequent explosion.
b. Minimize the potential of internal corrosion.

For those accumulators which require periodic gas charging, space shall be provided around the
gas charging valve to permit the easy connection of the charging rig.

Each accunpulator installation should be designed so that the accumulator can

inspected fq
the accumu
6.11 General Va

ARP490 co
types of val

6.11.1 Directiondl Control Valves: The installation of directional control valves shou

with the ¢
pressure,
from their

6.11.2
cable con
operated
should be
internal or
particular
functions.

6.11.3 Valve Pog

valves fitt¢

etc.). Hov

Jators.
ve Requirements:

Ntains requirements for electrohydraulic servovalves: Refer to AIR]

Control Valve Actuation: Control valve operation may be direct, such as pus

r evidence of corrosion. AIR4150 provides a guide for determining

es which are suitable for use in aircraft hydraufic Systems.

pbntrol valve performance such that the system operation will not be|
interflow, or pressure surges which might tend to cause the valves
setting or cause them to bypass fluid in other than the intended ma

rol, or indirect, such as elecCtrically operated controls. If required, ¢
alves can be provided with a mechanical override control mechani
designed to prevent.over or under travel of the valve control handl
external stops. This'is particularly useful if there is a requirement
service with no €lectrical supply available or to isolate the valve for

ition Indieation: Valve position indication is not normally provided f
bd to<anraircraft (for example, check valves, priority valves, actuato

vever, when position indication is provided, it is generally for the fol

be easily
the condition of

37 for other

d be compatible

affected by back
to open or move
Anner.

h-pull rods or
lectrically

sm. All controls
b by the use of
to operate the
maintenance

pOr the majority of
r control valves,
owing reasons:

a. Toindicate either correct or incorrect operation of the valve in order to comply with
certification requirements

b. To assist system troubleshooting.

Valve position indication can be provided by:

a.

independent from those used for valve control;

actuator.

Electrical means such as the use of microswitches or position transducers that are

Mechanical means by the use of indicators that are linked to the valve or the valve
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6.11.4

Incorrect Use of Check Valves: Check valves should not be relied upon to maintain pressure

in a line while some other function is performed, for example, to hold the landing gear doors
out during the retraction/deployment operations. This is due to the concern that a malfunction
of the valve can cause the incorrect sequence of operations.

6.11.5

Installation of a Shutoff Valve and Check Valve in the Same Subsystem: If the design requires

both a shutoff valve and a check valve in the same subsystem, the shutoff valve must be
upstream of the check valve. If the positions are reversed, operation of the shutoff valve can
trap fluid between the valves and thermal expansion could damage the shutoff valve. If the
check valve is downstream of the shutoff valve, fluid expansion will be relieved through the

check val

6.12 Filter Requi

All vent ope|
should be p
proximity to
secondary f
suitable pro
replacemen
The hydrau
system sho
a. Incorpof
that the
incorpor
should 1
should i
it sense
b. Provide
and min
c. If blocks
assemb

e.
‘ements:

hings except actuator and valve seal vents or fluid expesed to breg
Fotected by vent filter/driers. Line filters, when installeéd in the aircr
an accumulator, should be installed upstream ofthe accumulator.
Iter or line filter is provided, either internally or in’close proximity to
visions should be made for removal of the screen or filter for cleani
L.

ic power generation filter assemblies.used to filter all circulating flu
ild incorporate the following characteristics similar to those identifig

ate a differential pressure indicator (DPI) or an electronic type to p
filter element is nearly or fully clogged. There should be a surge d
ated in the DPI mechanism if the DPI is sensitive to sudden flow s
ot be resettable without removing the filter bowl. In addition, the D
ncorporate a temperature lock-out device that inhibits the operation
5 that there is law;hydraulic fluid temperature that could cause a fal

an automatie shutoff valve to prevent fluid loss from the inlet and o
mize airingestion, when the filter bowl is removed to change the fi

ge of-the filter element could cause other system failures to occur,

\Vi should inr‘nrpnmm a hypncc valye

thing action
hft system in close

When a
a component,

ng or

d in a hydraulic

ed in MIL-F-8815.

ovide a warning

amper

rges. The DPI
Pl mechanism
of the DPI when

se indication;

utlet of the filter

ter element.

the filter

6.12.1 Filter Element Requirements: The rating of the element should be chosen according to the
requirements of the system equipment that it is designed to protect, and to maintain the
cleanliness of the fluid to the level that is specified by the system designer. Typically, for
commercial rotorcraft, the filter elements with a Beta;o of 75 or greater should be used. See
AIR887 for a discussion of filter ratings.

The element shall be of the disposable type as it has been found that there are little economic
benefits in using a cleanable element, and it is possible to introduce into the system harmful
solvents used to clean the element.
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6.12.2

6.12.2.1

6.12.2.2

6.12.2.3

6.12.3

6.12.4

Filter Locations: All filters in the aircraft should be located such that the filter bowls can be
removed easily, and new filter elements installed without the risk of external debris from the
aircraft entering the system during the operation of changing elements.

It is recommended that filters should be at least provided in the following locations:

Pressure Line Installation: A nonbypass line filter should be installed in the pressure line of
each independent system and should be so located that all fluid from the system pump(s)
and the ground test equipment pressure connection will be filtered prior to entering any
major equipment or components of the system.

Return Line Installation: A line filter should be installed in the return linge) of
system.| The filter should be a bypass type unless it can be ensuredithat re
of the filter DPI will result in the timely replacement of the filter elements.

each independent
gular monitoring

All fluid pntering the return circuit should be circulated through-the filter prig
return lime to the pump(s) and reservoir.

r to it entering the

se Drain Line Installation: A filter should be-fitted in the case drai
t runs continuously or occasionally during every flight. Although g

Pump
pump t

N line for each
rotection of the

system ¢an be provided by a single filter, the use of individual case drain filters for each

pump infa multipump system, means that it ispossible to identify which pur
contamipation and could therefore could besubject to incipient failure. In &
separat¢ case filter will protect the parallel'pump from potential excessive [

A bypass for the case drain filter can be used if desired.

It is not fecommended that suction filters be installed between each indepe
reservoif and the system pump(s) suction port(s). This is because of the p
of pump cavitation with the“use of this type of filter, as well as the relatively

np is generating
iddition, a
ack pressure.

ndent system
ptential problem
large size of the

filter thaf is required.far. the necessary low pressure loss requirements.

ntamination can
ontamination in
cluded as a part

Hydraulic [Sequencing: Where hydraulic sequencing is critical, and where co
prevent pilopersequencing, each sequence valve should be protected from d

each diregtion/of flow by a suitable screen type filter. This element can be in
of the sequence valve ;\Qcpmhly

Integral Filtration in Components: Filtration should be incorporated in those items whose
operation should be significantly affected by contamination. Integral or secondary component
filters should have a lower efficiency rating than the main system filters to prevent them from
being clogged with small size contaminants circulating in the system. AIR4057 provides
guidelines for secondary filters.
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6.12.4 Examples of where integral filtration should be used include:

coow

Single

direction flow restricting orifices

6.13 Flow Regulators:

6.14

6.15

Mechanically signaled servovalves which use close tolerance spool and sleeve assemblies
Electrohydraulic servovalves
Solenoid valves which incorporate small bore pilot holes

Flow regulators may be used in the hydraulic system to limit the rate of fluid flow.

One typical
power trans

The unit
conditio

a.

To prev
the pum
regulato
flow to t

In addition,
motor drive

Snubbers:

Pressure sn

switches, and hydraulic pressure'gages, which are susceptible to the effects of

in system p
Hydraulic P

All hydraulig
ARP819 or

application of a flow regulator is to limit the available hydraulic flow
fer unit (PTU). These are used to prevent:

from over speeding in the event of potential higher than permitted
NS.

bnt the potential loss of two hydraulic systems ifiithe event of loss ¢
p of the PTU is supplying. Under this condjtion, it is possible, withg
r fitted, to lose the motor supply hydraulic.system pressure as it prq
ne PTU.

flow regulators can be used to regulate the rate of linear actuators
h systems with aiding/opposing loads.

ubbers should be used-to protect hydraulic pressure transmitters, |
essure. The smubbers can be integrated within these components
imps:

pumps; that are used on commercial aircraft, should be designed
MIL\P-19692 should be referred to for selecting each pump. The g

to the motor of a

flow demand

f system fluid that
ut a flow
pvides unrestricted

and/or hydraulic

nydraulic pressure

sudden changes
if desired.

for long life.
ump should be

n AIR1922.

integrated

ithin the aircraft hydrnulir‘ chmm ||cing the guidnlinpc as detailed

In order to preserve pump components, the pressure at the case drain connection should be
kept to the minimum possible under normal operating conditions. Due to environmental
constraints, all external leakage from the shaft seal should be routed to a collector tank with a

vent.

The pump speed choice should be guided by the recommendations in the nomograph of AS595
or MIL-P-19692.

A check valve should be installed in each pump high pressure line in order to prevent the pump

being press

urized by system pressure generated by other sources.
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6.15 (Continued):

6.15.1

6.15.2

6.15.3

6.15.4

6.15.5

The pump internal leakage flow that is routed through the pump case drain should be:

a.

Although the tforegoing IS mainly a function of the pump design, the system ¢of
assure that jno external factor impedes the pump internal leakage flow and‘thai
case flow allowed by the pump specification is sufficient to provide the necessa

Sufficiently high as to ensure pump and/or system cooling and to provide for proper pump

lubrication; and

Sufficiently low to preserve pump efficiency and avoid overheating of the hydraulic system if

oil coolers are not installed in the hydraulic system.

Variable Displacement Pumps: Variable displacement pumps should be des
gualified in accordance with AS595 or MIL-P-19692 requirements.
Fixed Displacement Pumps: Fixed displacement pumps afe’not being used

source of fluid power in any aircraft hydraulic system, If\used for any other f
MIL-P-78%8 requirements should be used for guidance in selecting these pu

nfiguration should
the maximum
ry lubrication.

gned and

AS the main
nction, the

ps.

Electric Mptor Driven Pumps: Electric motor driven variable displacement pumps can be used

for normal, back up, emergency or ground servicing operation of hydraulic sy

stems.

MIL-P-5994 requirements should be used-for guidance in selecting these pufnps.

Power Transfer Units: A power transfer unit (PTU) is a hydraulic pump drive
motor and usually both the motor @and pump are fixed displacement units. In
applications, a variable displacement unit ,may be considered appropriate. A
used for ground servicing, backup or emergency operation of the hydraulic s
transferrirjg power from one-system to another without transferring hydraulic
can be "uii" or "bi" directional. The principles of construction, installation an
PTU should follow the-practices as detailed in ARP1280. The PTU should b¢
accordange with the-/applicable sections of MIL-M-7997, AS595, ISO 8278 ar
requiremgnts.

N by a hydraulic
some

PTU can be
ystem by
fluid. The units
| operation of a
b designed in

d MIL-P-7858

Air Turbin

b Driven Dumlnc' Air driven pumps are not ||Q||nlly pmplnypd nrot

preraft hydraulic

systems, but if used they are mounted to an air turbine housing that contains a pneumatic

turbine, shutoff and speed control valving, gearing and a lubrication system.

The turbine is

driven by the engine compressor bleed air. Air driven pumps can be used as a normal, backup

emergency or ground servicing source of hydraulic system power. However,
driven pump is intermittently activated for additional hydraulic flow capacity d

typically, an air
uring high system

demand loads such as landing gear extension/retraction, or as a redundant source following
power loss of the normal hydraulic power source. The pump should meet the requirements of

6.15.1 and should also comply with the following regulation:
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6.15.5 (Continued):

6.15.6

6.16

FAR/JAR

29.2461 - Equipment containing high energy rotors.

This is additional to the FAR/JAR regulations that are applicable for the pump as discussed in
Sections 4 and 5. In addition, the pump and the air turbine drive unit should be designed for
the unique considerations of rapid start-up acceleration, number of starts/duty cycle, noise,
bleed air duct and turbine burst, and overspeed.

Manually Operated Pumps: Manually operated pumps that are permanently installed in

hydraulic
a. To fun

b. Tofill
cans g

Where a1
operated
a standing

No screer
of a suital
full pump
conditions

Eystems can be used for the following applications:
ction hydraulic services during ground maintenance and to recharg

hydraulic systems having the facility of drawing fluid framluid supq
nd drums.

nanually operated pump is utilized in a system,either a hand oper3g
bump can be used. In installations where the.pump can be operate
position, it is recommended that a foot pump is used to minimize

or filter should be used in the suctior\line of the pump. The suctig
le diameter and length to ensure pfiming and obtaining full-rated fl

e an accumulator;
liers' standard
ited or foot

d by personnel in

bhysical exertion.

n line should be
pw within a few

strokes. The pump circuit should be capable of full priming and rated flow at all

at which pump operation is_essential and intended.

A relief v

pressure {hat can be generated by the pump.

It is recomimended that the effective operating handle length of hand pumps
handle logd should not.exceed 50 Ib when the pump is pressurizing the hydr
design wdrking pressure. The length of this handle travel at the hand grip sh
18 in (0.46 m).

Hydraulic

Ive should be installed in the pump pressure line so as to limit the 1

tors:

naximum

be such that the
hulic system at the
ould not exceed

All constant displacement motors should be in accordance with MIL-M-7997 and 1SO 9206
requirements. All motors should be accessible for maintenance and inspection. Proper case
drain returns to the respective system reservoir should be provided. External leakage from the
shaft seal should be connected to a collector tank with a vent.
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6.17 Relief Valves, System and Thermal Relief:

MIL-V-8813 may be used as a design guide on how to specify relief valve characteristics. Relief
valves may be incorporated as part of another unit and are designed to be used as a safety

device to:

a.
device

the flui
as the
valve.

It should be
valve. This

sufficiently above the maximum pump compensation pressure:

6.17.1 System R
system sh

NOTE: R
p

in the system malfunctions;

Prevent bursting of, or damage to, the system in the event of the normal pressure regulation

To relieve excessive pressure in a blocked line condition, due to either thermal expansion of

I or overload forces on actuating units. Therefore, relief valves shd
bole means of limiting pressure in a power circuit but should functig

noted that dynamic coupling can occur between a pump €ompens
can be avoided by ensuring the minimum relief cracking/reseat pre

elief Valves: Provisions should be made to,ensure that pressure in

elief valves do not react rapidly enough to prevent "water hammer"
essure spikes).

Valves sh
pressure
system.
largest pu
6.17.2 Thermal H
pressure |
the therm
charge pr
of the sys
relief. Itig

Eief through the bypass from the high pressure to the low pressurg

puld be located in the hydraulic-System wherever necessary to acc

he system relief valve should have a flow capacity equal to or greg
p flow capacity.

xpansion Relief Valve: Relief valves should be installed as necess
ise exceeding:125% of system working pressure and system dama
h| expansion-of system fluid and, in the case of an accumulator, the
bssure due' to thermal effects. The valve should relieve fluid to the
em. {nternal leakage should not be considered as an acceptable 1
preferable to have the setting of the thermal relief valve slightly hi

uld not be used
n only as a safety

ator and a relief
ssure is

any part of the

ould not exceed 125% of the normal design“pressure of that part of the system.

excessive

bmplish this
b side of the
ter than the

ary to prevent
hge resulting from
e rise in gas

low pressure side
nethod of thermal
jher than the

system re

iefazalve. _This is to ensure that if there is a loss of pump pressure

control, the pump

flow goes

6.18 Reservoirs:

through the system relief valve rather than the thermal relief valve.

Several types of hydraulic reservoirs, are used by aircraft manufacturers. Each type, for
example, air-oil interface, bootstrap, etc. are all reservoir designs that have merit depending on
the application.

Hydraulic reservoirs should be designed using the guidelines of MIL-R-5520 or MIL-R-8931, as

applicable.
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