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FOREWORD
This SAE Aerospage Specification (AS) was written when:

a. The FAR and JAR 25.1435 airworthiness regulations, which are specifically concgrned with
hydraulic systems, were being revised.

b. Many of the U.B. Government documents (MIL-SPECS, MS and AN standards, €tc.) were being
deleted, signifi¢antly revised or converted into Non-govérnment documents.

However, rather than delay the publication of AS4941.for some time, it was decided tp:

a. Publish the initlal version of AS4941 with the current standard of these airworthingss regulations/
U.S. Governmegnt documents.

b. To incorporate fthe changes as requited at the first revision.
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voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright 1998 Society of Automotive Engineers, Inc.

All rights reserved. Printed in U.S.A.
QUESTIONS REGARDING THIS DOCUMENT: (724) 772-8510 FAX: (724) 776-0243
TO PLACE A DOCUMENT ORDER: (724) 776-4970 FAX: (724) 776-0790

SAE WEB ADDRESS: http://lwww.sae.org


https://saenorm.com/api/?name=3f9cd1e07d435e53048ce0318b14e28e

SAE AS4941

TABLE OF CONTENTS

FOREW O ORD ..ottt e e ettt et e e e et et e et e e e e e e e e e et e e e 1
ST O ] =1 TR 6
1.1 1 0T 0 S =P 6
1.2 (S T=1 o o] 2N o] o] o= 11 o o S 6
2. REFEREN CE S e T T T I I I I T T 6
2.1 Applicabl® DOCUMENLS ....uuiiiiicciiiiciee e ee s B e 6
2.1.1 SAE PUDIICAtIONS ....ceeeeeeee e 7
2.1.2 FAR Publjcations from the FAA ...t e 8
2.1.3 NAS StandardsS .....covveeeieeeeeee e eee e e n e onenaeeeeeeeeeeeees e, 8
2.1.4 Radio Teghnical Commission for Aeronautics Documents,.S..). v veeeeeeeeeee e, 8
2.1.5 = = = D oo (V1 1 1= 01 £ S S O 8
2.1.6 Internatiopal Standards Organization DOCUMENLS .....05 0 eeeeieeeeeieeeviiiiieeeees [ee e e e ee e, 8
2.1.7
2.1.8
2.1.9
2.2

3.1

3.1.1

3.1.2

3.1.3

3.14

3.2

3.3

3.3.1

3.3.2

3.3.3 [ 10 = T | T o 1o 13
3.34 e L C=To B (o A =T o = (o | Y 13
3.35 Pressure Drop at Rated FIOW........o.uuuiiiii i e e e e e e 13
3.3.6 ACtUALiION ADOVE SYSTEIM PrESSUIE....uuuuii i i et e et s e e e e e e e e e e e e e s aa b e e eeeas 13
3.4 Environmental REQUITEMENTS........oouiiiiii e e e e e e e et s e e e e e e e e e ae b e e aeeas 13
3.4.1 1] (8 T [OOSR 14
3.4.2 F N g al T[T oL =T g T 01T = LU RSP 14
3.4.3 Y41 o] = 11T o 14
3.4.4 Operational Shocks and Crash Safety ........cccciiiiiiiiiiiiiii e 14
3.4.5 Environmental CONAItIONS .......ooiiiiiiiiie e 15
3.4.6 FIr@ RESISLANCE ..o 15
3.4.7 o] (oS (o] I =d oo { g LT 7= S 15



https://saenorm.com/api/?name=3f9cd1e07d435e53048ce0318b14e28e

SAE AS4941

3.4.8
3.5
351
3.5.2
3.5.3
3.54
3.55
3.6
3.6.1
3.6.2
3.6.3
3.6.4
3.6.5
3.6.6
3.6.7
3.6.8
3.6.9
3.7
3.7.1
3.7.2
3.7.3
3.8
3.8.1
3.8.2
3.8.3
3.84
3.8.5
3.8.6
3.8.7
3.8.8
3.8.9
3.8.10
3.8.11
3.8.12
3.8.13
3.8.14
3.8.15
3.8.16
3.8.17
3.9
3.9.1
3.9.2
3.9.3
3.94

Acoustic Fatigue
Installation Requirements

General

TABLE OF CONTENTS (Continued)

Detail Re
Metals ...
Corrosion
Castings
Residual
Magnets
Plastic Pa

Glands aid SEAIS........eeeee e e S

Standard
Marking .
Strength
Pressure
Proof and
Impulse (
Design ar
Minimum
Lubricatio
Leakage
External T
Interchan
Function
Plugs
Alignmen

Parts

Requirements
Loads
Ultimate Pressure RequiremMentsS.it . ....iiiiee i ie e eee e
Catigue) Requirements.........iel i,
d CONSLIUCLION....coeeeeee . S e
\Weight

L o T= Lo ol [=Te] 1101 1= N TP
EADIILY ..o T e

Threads.

Safetying

Retainer Rings
Spring Pins

Reverse |
Robustne

Fixed Orifices
Internal Locks

Electrical

Voltage Range
Solenoid Operated Components
Electric Motor Operated Components
Clutches or Brakes

nstallation
SS

Requirements



https://saenorm.com/api/?name=3f9cd1e07d435e53048ce0318b14e28e

SAE AS4941

TABLE OF CONTENTS (Continued)

3.95 ElectromagnetiC INTEIEIENCE ........oviiiiie e e e e e
3.9.6 Electro-Conductive BONAING..........cuuuiiiiiiiieii et e e e e e e e e
3.9.7 (000] 0] gT<Tox (0] £ PP TRPPPRT
3.10 Maintainability REQUIFEMENTS ........ooiiiiiiii e e e e e e et e e e e e e e e e ee e e aeeas
G700 K0 IO R Y = Y1 0 L= =Yg [of ST 0T (o7 =Y o | RPN
3.10.2 Useful Life and Storage CoNitiONS..........cuuiiiiiiiiii et e e e aa e e e e e eeaeees
3.10.3  Maintainability FEATUIES ......cuviiiii i et e e e e e e e e e e e et e e e e e e e e e eesearaaaas
3.11 Reliabilityr REQUITETTEI S T s e
3.11.1 Design fof Reliability ...........coovviiiiiiiiiii e B e
3.11.2 Mean Time Before Unscheduled Removals..........cccccovvviviii oo
3.11.3  Data REqQUIrEMENTS ...uuuuiii e et e e e e e e eerarn e e e e e e e s e s s e e e e fe e e e e e eeeeans
4. QUALITY ASSURANCE PROVISIONS.......coiiiiiiiiiiiinniiniiennnnneeeeorensennnnnnnnnnnenees e
4.1 Responsipility for INSPECLION .......cvviiii i St e e e e e e eeans
4.2 First Article INSPECHION........ciiii i S ettt s e e e e e e e e eerrnns e e e e
4.3 Classification Of TEStS......ccoiiiieiiiieiiiiiiiini e fheieiiieeeeeeeeeeeeeeeeeeeeeeeeees [
4.4 Test Stanfl REQUIFEMENTS .......ciiiii e S s e e e e e e e eene f o,
5. ACCEPTANCH TESTS ...iiiiitiiiiiiiiiriiiiineiieeieeeeeeesd e eeeeeeeeeeeeeeeeeeeeeeeaeeeeeaeseeasesaasaeeas|oeeeeaeaaeeaaaeaaenaanns
5.1 Test Progfam and Inspection MethodSk...........uuuviuiiiiiiiiiiiiiiiiiiiieiieeiieeeeeeeeeees e
5.1.1 RTAY L= o | T SRR RSP
5.1.2 EXternal LeaKage .......couuuiuiiiii et ittt e e e e et s e e e e e e e ennrrnns e e e e
5.1.3 Proof PreBsure TeSES.. ... it e e
514 e IS U L= D] o] o I S PSR IR
5.1.5 FUNCHION TESES e i ettt eeeee e |
5.1.6 Electro-Cpnductive BORUING..........cuuuiiiiiiieiieeieiin et e e eeeeennni e
5.2 Preparation for ShipMENT .........cooiiiiiii e e
5.3 Storage and PACKING .. ... ..uuuiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeesaeaees foeeeeeeaaaaaaaeaaaa e
6. QUALIFICATIOQNITESTS ... tiuuiiiiiitiitiiiiiiiiiieiiieeeeeeeeeeeeeeeeeeeererereresereeresseeaaeaaaazaaaaaaas|oeeaaaeaaaeaaaaaaneaannns
6.1 (O I8 iTor= o] g TN 24 (o ToT=To (U] = TR
6.1.1 Qualification BY SIMIIAIILY ......uuueiii e e e e e e e e e e e araaaaas
6.1.2 Components Qualification TESt REPOI..........ciiiii i e e e e e e ar e
6.1.3 Test ComMPOoNENtS REGQUITEMENTS.......c.uuiiiiiii e eeee et e e e e e et e e e e e e e ee it e e e e e e eeeessreaanans
6.1.4 Notification of TESt FaIIUIES ......coo e e
6.2 Range of QUAlIfICAtioN TESES ........uuuiiiiii i e e e e e e e e ettt e e e e eaaeaeenes
6.3 F ot o = o) = g [ I ] £ PPN
6.4 [T Tod (o] o =] £
6.5 ([T Vg T =T =3 o o T =T
6.5.1 =T g Tor= I @Fo] 1 4 0T g 1= o1 SR
6.5.2 NON-MELAIlIC PAIS......oiiiiiieiiie e



https://saenorm.com/api/?name=3f9cd1e07d435e53048ce0318b14e28e

SAE AS4941

TABLE OF CONTENTS (Continued)

6.6 Actuation ADOVE SYStEM PreSSUIE TEST.....cciiiiiiiiiiii e e e e e e
6.7 D (o] o @01 A Lo | = To [T =) S
6.8 TEMPEIALUNE RISE TOST ittt e e e e e e e s e e e e e e e e eete b e e eeaeeeeessrraaanns
6.9 Functional ENAUIANCE TEST ...coii i
6.9.1 DIMENSIONAl CRECK ... e
6.9.2 Filtration for ENAUIANCE TESE.......oviiiiiiiiiieeceee e,
6.9.3 INtermediate ChECKS ......oooiiiieee e
6.9.4 Failure offPamts e e
6.9.5 TeardoWn INSPECLION .........uvviiiiii e e e e eenrrnn e e e e e,
6.10 Extreme Temperature FUNctioning TeSt .......co.oiiiiiiiiieierieceiin e hmdeeee Lo,
6.10.1 LOW TEMPEIATUIE ...c.uuiieieiiiii e ee e e et e e e e e een e e e ennn e e e eenn il e eees e
6.10.2 Intermedifite TEMPEIAIUIE ......uvvvi i e e e e e e e e e s s e e e e e eeeeeee [erreer e e e e e e e eeearaaaas
6.10.3  High TEMPEIAtUIE .....ueiiiieeiiieece e e e ee e s r e e s e eanrann s s e e e e fereerrie s e e e e e eeenans
6.10.4 Differentil TEMPEratUre..........cieiiieeiiiieiiiiiiie e eeeee e sesie b e ee e s e e e e eeeeens [erie e e e e e e e e e eeerreen
6.10.5 Thermal SNOCK...........uuiuiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeee e e S e e e e e e e e e e e e e e e aaeeeee e e e
6.10.6  Temperathre LIMitS. ..o G5 e e e e e e e e e eeeenrae e e e e e e e foreerren e e e e e e eeeenns
6.11 Vibration [TeStS......ccevvvvveviieeiiiiiiiiiieee e e
6.11.1 Mounting|of the Test COMPONENTt.........oooviiiiiie e B i eeeees [ e,
6.11.2 ResonantFrequency Vibration TeSt...........cetii i eeee e eeeeeees [ e,
6.11.3  Endurance VIibration TeSt...........uuuuriiiimiiiied N ieiiiiiiiiiiieeeeeeeeeeee e e e e e e e e eeeeee e e e
6.11.4  Other VIib[ation TESES........uuuuiiiriiiiiiiiiiiettfdenniiiiiiiiiiiiiieeeeeeeeeeeeeeee e e e e e e e eeeeeeeees e
6.12 Electromagnetic Interference Test..... i Lo
6.13 EXPlOSION ProofNess TEST. ... e e ee ettt e e e e et s e e e e e e e eeennrnnns e e e e e
6.14 Fire ReSI$tance TeSt......covviiiii e e e
6.15 Environmental TESES......oov i i e e
6.15.1  HUMIAItY fi...oooeeeiiee s e e e [
6.15.2  WaAter PrgOfN@SS ...t s i7 ettt nesesssessnnnsensee [ eree e e e e reereees
6.15.3  Fluids SUBCEPIDIITY /0.0 e e e e e ee et es [ e e e aeans
6.15.4  SANA AN DUSL ... (0. ettt ee et e eeeeeeeeeeeeeeeeeeeeaaaeaaaaaaeeaaaaaaaaeaas|oeeeeaeeaaeaaaeaaanaannns
B.15.5  FUNQUS .t e e e e e et e e e [ e
B.15.6  SaAlt SPray ... oy et e e e e eeenarn e e e e [errr e e e eeaaae
L0 L T A (o7 T o o N e P PPPPPPUTY SN
6.15.8 Non-Derangement TEMPEIATUIE ......cuuiiii it e et e e et e e e e et e e e e e et e e annes
6.16 Y0 1T o T I 1= ] P
L0 T R B 1= ool 1 ¢ o] (= (o PPN
6.17 SEUCTUIAL TESES ...ttt ettt ettt e e et ettt e et e e e e e e e eaaaaaeaaaaaaaaaaaaaaaaaaaaaaaaaaaanns
B.17.1  PrOOf PreSSUIMNE TS ....uiuiiiiiiiiiiiiiiiiiiiteeetie ettt ettt et ettt e et e et e et e e e et e e eaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaens
6.17.2 Fatigue (Pressure IMPUISE) TESL.....cccc i e e e e e e e e e ae e e e e e aeeeenees
6.17.3  URIMALE PrESSUIE TESE. .. .uuuuiiiiiiiiiiiiiieiiiiiieeee ettt ettt ettt e ettt e e et e et tetteateaataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaens
N N1 = SRS
7.1 =YV o ] (o £ RRP
TABLE 1 YL Y T @0 =11 Vo



https://saenorm.com/api/?name=3f9cd1e07d435e53048ce0318b14e28e

SAE AS4941

1. SCOPE:

This specification covers the requirements that are common to most components used in commercial
aircraft hydraulic systems.

This specification shall be used to develop Procurement Specifications for components.

1.1 Purpose:

The purpose offttisspetification s toprovide i ome document, the tequirermemntsifor the design,
construction, a¢ceptance testing and qualification testing of commercial aircraft hydraulic system
components. Ip addition, parameters that must be specified in the Procurement $pecification for
each component are also identified.

1.2 Field of Applicdtion:

This specificatipn primarily applies to components that are fitted.to commercial aircraft hydraulic
systems that afe designed to comply with FAR and/or JAR«25 regulations. Howevyer, this
specification cgn be also used for hydraulic system comppnents fitted to aircraft that are certificated
to FAR and/or JAR 23 regulations.

AS4941 does ot apply to hydraulic system distribution elements such as hoses, pipe couplings and
tubes. This is hecause the requirements for these items are already provided by jother National,
Government or|International standards.

2. REFERENCES:
2.1 Applicable Documents:

The following publicationsAform a part of this specification to the extent specified herein. The latest
issue of the SAE publications applies. The applicable issue of the other documents shall be the
issue in effect gt the date of the purchase order. In the event of conflict between the text of this
document and [eferences cited herein, the text of this document takes precedence. Nothing in this
document, howlever, supersedes applicable laws and regulations unless a specific exemption has
been obtained.
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AS568
AS1241
ARP1288

AS1290
AS1300
ARP1383

ARP1870

AS3121
AS3122
AS3123
AS3124
AS3125
AS3126
AS3127
AS3128
AS3129
AS3130
AS3131
AS3132
AS4059
AS4088
AS4273

AIR4543
AS4716
ARP4752
AS8879

AMS 2403
AMS 2404
AMS 2405
AMS 2406
AMS 2409
AMS 2410
AMS 2411
AMS 2412
AMS 2413
AMS 2423
AMS 2424
AMS 2433

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

Aerospace Size Standard for O-rings
Fire Resistant Phosphate Ester Hydraulic Fluid for Aircraft
Placarding of Aircraft Hydraulic Equipment to ldentify Phosphate Ester Fluid
Compatibility
Graphic Symbols for Hydraulic and Pneumatic Systems
Boss, Ring Locked Fluid Connection Type, Standard Dimensions for

—mputse Testingof Hydrautic Actuators, Valves, Pressure-Comntamers and Similar
Fluid System Components.
Aerospace Systems Electrical Bonding and Grounding foriElectrpmagnetic
Compatibility and Safety
Plug Expansion Aluminium, 2024-T4, Long, Standard+and .010 Qversize Diameters
Plug Expansion Aluminium, 2024-T4, Long
Plug Expansion Aluminium, 2024-T4, Short, Standard and .010 Qversize Diameters
Plug Expansion Aluminium, 2024-T4, Short
Plug Expansion CRES, 416, Long, Standardrand .010 Oversize Diameters
Plug Expansion CRES, 416, Long
Plug Expansion CRES, 416, Short, Standard and .010 Oversize Diameters
Plug Expansion CRES, 416, Short
Plug Expansion CRES, 303, Long; Standard and .010 Oversize Diameters
Plug Expansion CRES, 303,.l£0ng
Plug Expansion CRES, 303;-Short, Standard and .010 Oversize Diameters
Plug Expansion CRES;303, Short
Aerospace Cleanliness-Classification for Hydraulic Fluids
Rod Scraper Gland\Design Standard
Fire Testing of-Fluid Handling Components for Aircraft Engines and Aircraft Engine
Installations
Aerospace Hydraulics and Actuation Lessons Learned
Gland_Design, O-rings and other Elastomeric Seals
Designand Installation of Commercial Transport Aircraft Hydraulic Systems
Screw Threads - UNJ Profile, Inch

Plating, Nickel General Purpose
Electroless Nickel Plating

Electroless Nickel Plating Low Phosphorus
Plating, Chromium Hard Deposit

Plating, Immersion Tin for Aluminium Alloys
Plating, Silver Nickel Strike, High Bake
Silver Plating for High Temperature

Silver Plating Copper Strike, Low Bake
Plating, Silver-Rhodium

Plating, Nickel Hard Deposit

Plating, Nickel Low-Stressed Deposit
Plating, Nickel-Thallium-Boron or Nickel-Boron Electroless Deposition
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21.2

2.1.3

214

2.15

2.1.6

FAR Publications from the FAA: Available from the Federal Aviation Administration, 800
Independence Avenue, SW, Washington, DC 20591.

FAR Part 23
FAR Part 25
NAS Standar
Washington,
NAS1599
NAS1611
NAS1612

NAS1613
NAS1638

Radio Techni
Suite 500, 14

RTCA/DO-16

IEEE Docum
Lane, PO Bo

C63.14

Code of Federal Regulations, 14 CFR1.1, Part 23 Airworthiness Standards, Normal,

Utility, Acrobatic and Commuter Category Airplanes
Code of Federal Regulations, CFR1.1, Part 25 Airworthiness Sta
Category Airplanes

- U — e—
DC 20005.

Connectors, General Purpose, Electrical, Miniature Circular, Envi
200 Deg C Maximum Temperature

Packing, Ethylene Propylene Preformed O-ring Phosphate-Ester
(-65 Degrees F to 250/300 Degrees F)
Packing, Ethylene Propylene Preformed, Straight Thread Tube H
Phosphate-Ester Resistant -65 Degrees F.t0-250/300 Degrees H
Seal Element, Packing, Preformed, Ethylene Propylene Rubber
Cleanliness of Parts Used in Hydraulic.Systems

P5 K Street, N.W., Washington,(DC 20005.
0 Environmental Cenditions and Test Procedures for Airborn
bnts: Available from.nstitute of Electrical and Electronics Enginee

1331, Piscataway, NJ 08855-1331.

Compatibility (EMC), Electromagnetic Pulse (EMP), and Electrog
(ESD)

International

Standards Organization Documents: Available from American Naf

Institute, 11 West 42nd Street, New York, NY 10036-8002.

ISO 2685

ISO 3323

ndards, Transport

reet NW,

ronment Resisting,
Resistant

itting Boss,

cal Commission for Aeronautics Doecuments: Available from RTCA Secretariat, 44

b Equipment

rs Inc., 445 Hoes

American-National Standard Dictionary for Technologies of Electromagnetic

tatic Discharge

ional Standards

Environmental Test Conditions for Airborne Equipment - Resistance to Fire in

Designated Fire Zones
Aircraft, Hydraulic Components, Marking to Indicate Fluid for Wh
Approved

ich Component is
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2.1.7 ASTM Publications: Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA

2.1.8

2.1.9

19428-2959.

ASTM B 339
ASTM B 545
ASTM B 633

Joint Aviation
and Publicati

JAR 23

JAR 25

U.S. Governr
700 Robbins

MIL-S-5002

MIL-C-5541
MIL-H-5606
MIL-M-7969

MIL-M-8609
MIL-A-8625
MIL-R-8791
MIL-P-25732
MIL-C-38999
MIL-R-83248

MIL-H-83282
MIL-P-83461

Standard Specification for Pig Tin
Standard Specification for Electrodeposited Coatings of Tin
Zinc Coating, Electrodeposited, Requirements for

Authorities Committee Documents: Available from Civil Aviation Authority Printing
pTTS-SEervices, Grenvitte House, ChetternttranT, Gtos—GE502BN;Unjted Kingdom.

Joint Airworthiness Requirements, Normal, Utility, Acrobatic:and |Commuter
Category Aeroplanes
Joint Airworthiness Requirements, Large Aeroplanes

nent Documents: Available from DODSSP, Subs¢ription Services Pesk, Building 4D,
Avenue, Philadelphia, PA 19111-5094.

Surface Treatments and Inorganic@oatings for Surfaces ol Weapons
Systems
Chemical Conversion Coatings‘on Aluminium and Aluminiym Alloys
Hydraulic Fluid, Petroleum Base; Aircraft, Missile and Ordnance

Motor, Alternating Curreft, 400 Cycle, 115/200 Volt Systen, Aircraft, General
Specification
Motors, Direct Current, 28 Volt System, Aircraft, General Specification for
Anodic Coatings for Aluminium and Aluminium Alloys
Retainer, Packing, Hydraulic and Pneumatic, Tetrafluoroethylene Resin
Packing,-Preformed, Petroleum Hydraulic Fluid
Connector, Electrical, Circular, Miniature, High Density Quigk Disconnect
Rubber, Fluorocarbon Elastomer, High Temperature Fluid, and Compression
Sét)Resistant
Hydraulic Fluid, Fire Resistant Synthetic Hydrocarbon Base, Aircraft
Packing, Preformed, Petroleum Hydraulic Fluid Resistant, Improved,

Performance at 275 °F

MIL-R-83485

MIL-H-87257

MIL-STD-276
MIL-STD-461
MIL-STD-462
MIL-STD-464
MIL-STD-704
MIL-STD-810
MIL-STD-889

Rubber Fluorocarbon Elastomer, Improved Performance at Elevated
Temperatures

Hydraulic Fluid, Fire Resistant, Low Temperature, Synthetic Hydrocarbon
Base, Aircraft and Missile

Impregnation of Porous Non-Ferrous Metal Castings

Electromagnetic Interference Characteristics, Requirements for Equipment
Electromagnetic Interference Characteristics, Measurement of
Electromagnetic Environment Effects Requirements for Systems
Electrical Power, Aircraft, Characteristics and Utilization of
Environmental Test Methods and Engineering Guidelines

Dissimilar Metals

MIL-HDBK-454 Electronic Equipment, General Guidelines for

MS21209

Insert, Screw Thread, Coarse and Fine, Screw Locking, Helical Coil, CRES

-9-
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2.1.9 (Continued):

MS21343
MS24391
MS27595
MS33514

MS33515
MS33547
MS33566
MS33649
QQ-P-416

2.2 Definitions:

COMPONENT:

Boss Spacing - Hydraulic Design Standard for

Plug-Bleeder, Tube, Precision Type

Retainer, Packing Backup, Continuous Ring, Tetrafluoroethylene

Fitting End, Standard Dimensions for Flareless Tube Connection and Gasket
Seal

Fitting End, Standard Dimensions for Bulkhead Flareless Tube Connections
Pin, Spring, Functional Limitations of

—Fitting; istattatiorof Fraretess Tube, Straigiht ThreadedCgnnectors

Bosses, Fluid Connection - Internal Straight Thread
Plating, Cadmium Electrodeposited

A component is a valve, actuator, accumulator, fifter, reservoir, pump, or a similar

device of a hydraulic system. A component can also be a sensér that provides continuous

measurement g

NON-DERAN

r switching at discrete settings of pressure temperature, fluid level or flow.

EMENT TEMPERATURE: A non-deranigement temperature is an gxtreme ambient

temperature that the component may be subjected to'but is not expected to function. However, the
component is réquired to operate correctly when.the ambient temperature is subsgquently within the

declared operaling temperature range.

PROCUREMEINT SPECIFICATION: Theprocurement specification is the document that includes

the following:

oo TR

Technical r¢quirements.

Acceptancd and qualification’test requirements.
Reliability réquirements.

Quality regliirements.

Packaging fequirements.

PURCHASER:|The Purchaser is the organization that has the responsibility for the design and

development of the hydraulic system that includes the component. Typically, the Purchaser is an
aircraft manufacturer or a modification center. The Purchaser is responsible for compiling the
Procurement Specification.

STANDARD PART: A standard part is a part to a military or industry standard with controlled
interface dimensions and which is assigned a part number by the applicable standard, for example,
MS, AS, AN and NAS part numbers.

-10 -



https://saenorm.com/api/?name=3f9cd1e07d435e53048ce0318b14e28e

SAE AS4941

2.2 (Continued):

SUPPLIER: The supplier is the manufacturer of the component who will be responsible for the
design, production and qualification of the component. The supplier shall be approved by the
Purchaser for the design, development and manufacture of aerospace hydraulic components.

TURN ON VOLTAGE: Turn on voltage is the voltage that is associated with the inrush current that
occurs when an electrically operated component is initially supplied with electrical power.

3. REQUIREMENTS$:

The Purchaser shall prepare a Procurement Specification for each component-for which design
approval is desirgd.

The purchase order or invitation to bid that is associated with the Prgcurement Spegification shall
identify the effective date of the standards that are cited in the Specification.

3.1 General:

In the case of g conflict between the requirements of this specification and the Prpcurement
Specification, the requirements of the latter shall take precedence.

3.1.1 System Specffication: The components shall be designed for use in hydraulic gystems as defined
in ARP4752.

3.1.2 System Chargacteristics: The Procurement Specification shall include the charafteristics of the
hydraulic sysfem in which the component is to be used.

3.1.3 Graphical Syinbols: Graphicalt'symbols in accordance with AS1290 shall be usgd for:

a. The functlonal schematic diagram of the component, if it is shown on the main assembly
drawing.

b. Any schepnatic diagrams that are provided in test circuits requirements and fest reports.
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3.1.4 Airworthiness Requirements: The hydraulic component shall comply with Federal Airworthiness
Regulations (FAR), Part 25 (for U.S. certified aircraft) or to Joint Airworthiness Requirements
(JAR), Part 25 (for non-U.S. certified aircraft).

The sections in these regulations that can be applied to hydraulic components are as follows:

25.X899 Electrical bonding (JAR 25 only)

25.581 Lightning protection

25.603 tateriats

25.613 Material strength properties and design values
25.621 Casting values

25.863 Flammable fluid fire protection

25.1183 ~lammable fluid carrying components
25.1301 —unction and installation of equipment
25.1309 Equipment, systems and installations

25.1353 Electrical equipment and installation*

25.1431 Electronic equipment*

25.1435 Hydraulic systems

* Only if the gomponent incorporates electrical elements (for example, motors, §

The impact o
aircraft hydra

3.2 Qualification:

FAR/JAR 25.13

a. Of a kind and design appropriate to its intended function.

b. Installed ac
c. Able to func

these requirements on the design, manufacture and qualification

cording to the limitations specified for that equipment.
tion correctly when installed.

In order to complywith this regulation, each hydraulic component shall be qualifig

01 regulations state that each item of installed equipment shall be|:

witches, etc.)

of commercial

Lilic system components shall-be referred to throughout this document.

d to demonstrate

that it will operate correctly within the functional and environmental limitations that are specified for it.

3.3 Functional Req

uirements:

3.3.1 Design Operating or Working Pressure: This is defined in 3.7.1.

3.3.2 Fluid Temperature:

3.3.2.1 Rated Temperature: The rated temperature of the component shall be the maximum continuous
fluid temperature that the component is subjected to, and shall be stated in the Procurement

Specificatio

n.
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3.3.2.2 Minimum Continuous Fluid Temperature: A minimum continuous fluid temperature at the supply

port of the component may be specified in the Procurement Specification.

3.3.3 Hydraulic Fluid: The applicable hydraulic fluid shall be specified in the Procurement Specification.

3.34

3.3.5

3.3.6

3.4

Commercial type aerospace hydraulic components will generally use AS1241 fluids. However, for
some applications (predominately small commercial aircraft), the components may use

MIL-H-5606, MIL-H-83282 or MIL-H-87257 fluids.

It should be n
MIL-H-83282
compatible w

oted that AS1241 fluids are not mixable or interchangeable with. M
or MIL-H-87257 fluids. In addition, seals used for AS1241 fluids 4
th the MIL-SPEC fluids and vice versa.

Rated Flow d
or the applicgble detail drawing.

Pressure Dro
restriction as
requirements
points shall b

p at Rated Flow: The component shall be designed to provide eitl
a function of flow or not exceed a maximum restriction consistent
of this specification. The pressure drop.at rated flow and at other
b defined by the Procurement Specijfication or the applicable detai

Actuation Abpve System Pressure: Components shall be designed to be capat
deactuation under pressure equal to the thermal relief or the system relief maxi
circuit in whigh they are installed. There shall be no seizing or excessive force

For electrical
voltage or gr
nominal volt
case environ
Specification

operated components, the voltage shall not be greater than the
ater than maximum rated current. The turn on voltage shall not e
e. The maximum current rating (continuous and intermittent) bag
ent, and thesmaximum turn on voltage, shall be specified in the B

Environmental Requirements:

IL-H-5606,
ire generally not

apacity: The rated flow capacity shall be specifieddn the Procurement Specification

er the required
vith the other
designated test
drawing.

le of actuation or
mum setting of the
nput.

maximum turn on
xceed 80% of the
ed on the worst
rocurement

All components shall be designed to operate under the environmental conditions specified below

without:

a. Any time limitation less than the design life specified by the component.
b. Any impairment of function or change of adjustment.

Except as specifically directed herein, testing to demonstrate compliance with these requirements

shall not be mandatory.

NOTE: Although RTCA/DO-160 is referred throughout this document for environmental

requirements, MIL-STD-810 may alternatively be used.
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3.4.1 Altitude: The component performance shall not be significantly affected by change of altitude from
sea level to the maximum altitude specified in the Procurement Specification or vice versa.

3.4.2

3.4.3

3.4.4

Ambient Temperature: The Procurement Specification shall state the minimum and maximum
ambient operating and non-derangement temperatures.

Care shall be taken in specifying the temperature range to take into account:

a. Cold soalkTomditions thatwittoccurwheTr theaircraftis parked i very cotd
or, during|flight at high altitude, if the component is installed in an unpressur

b. Hot soak fonditions that will occur when the aircraft is parked in very-hot we
if the component is installed in a zone which is subject to local high“ambient
example, in an engine nacelle.

Typical ambignt temperature ranges are:

a. Operatingd temperature: -65 °F (-54 °C) to +158 °F (#70 °C).

b. Non-dera

Vibration: Cd
All componer
RTCA/DO-160, Section 8, unless otherwisé-specified in the Procurement Specif

and test purp

As part of the

specified in 6

Operational §

accelerations|

specified in th

hgement temperature: -80 °F (-62 °C) tex+230 °F (110 °C).

ts shall be designed to withstand the applicable vibration levels as

Dses, torsional vibration exeited by the driving means shall be con
gualification tests, all component models shall be subjected to the
11.

in accordance with RTCA/DO-160, Section 7 requirements unless
e Procurement Specification.

eather conditions
ized zone.

ather conditions or
temperatures, for

mponents shall be capable of withstanding vibrations excited by the driving means.

stated in

cation. For design
bidered negligible.
vibration tests

hocks and Crash’'Safety: All components shall be designed to withstand sustained

otherwise
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3.4.5 Environmental Conditions: The component shall be designed to comply with the following sections

3.4.6

3.4.7

3.4.8

of RTCA/DO-

160, unless otherwise specified in the Procurement Specification:

a. Section 6 - Humidity. The Procurement Specification shall specify the applicable Category for
the component.

b. Section 10 - Water resistance. The Procurement Specification shall specify the applicable

for the component.

Category
c. Section 1
fluids that
d. Section 1

blowing s

e. Section 1

the comp
f. Section 1
unpressu
g. Section 2
compone

Fire Resistan
25.1183 and
engine fire cg
state the flow
conditions. T
order for it to

Explosion Pr

have to be considered.

hnd and dust in the course of normal aircraft operations.

B - Fungus. The Procurement Specification shall specify the appli
bnent.

ized part of the aircraft.

1 - Icing. The Procurement Specification shall specify the applicab)
nt.

ce: The component shallbe designed to comply with the FAR/JAR
FAR/JAR 25.1435(e)requirements if it is installed in an area which

| - Fluids susceptibility. The Procurement Specification shall identlfy the relevant

D - Sand and dust. This requirement only applies if the*component is subject to

cable Category for

l - Salt spray. This requirement only applies if the component is mounted in an

e Category for the

25.863, FAR/JAR
is subjected to

nditions (for example, an engine driven pump). The Procurement
rate and diregtion of flow through the component that will occur d

comply fally with these requirements.

in an environ

Specification must
ring engine fire

his is to enable the necessary precautions to be incorporated into the component in

ofness: The Procurement Specification shall state if the componeht is to be installed
ment where the potential exists for explosions to occur. The categpry for the

environment shall be stated in accordance with the requirements of RTCA/DO-160, Section 9. Ifit
is determined that there is the likelihood of an explosion, the component shall be suitably designed
to minimize the possibility of this event occurring.

Acoustic Fatigue: The component shall not be adversely affected or prematurely failed due to
external noises as defined in the Procurement Specification.
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3.5

Installation Requirements:

3.5.1 General: The Purchaser and the Supplier shall directly liaise with each other to ensure that the
component is designed so that it is only possible to install it properly. Means shall be provided to

3.5.2

3.5.3

354

3.55

3.5.5.1 Wrench Tor

ensure that it

is not possible to:

a. Have the wrong tubes connected to it or reverse the component’s installation (see 3.8.14).
b. Install the wrong electrical wires to the component.

C.

Ideally, the P
compliance W

Dimensions:

aircraft shall pe specified on the Supplier's installation drawingonin the Procure

Orientation:
Procurement

specifically aftitude susceptible, the installation limitations shall be agreed upon

Purchaser an

Weight: The
component’s
Specification

Ports: Each
the Procurem

component
Procureme

Connect tfrewrong cabtes ormecharisms to thecompoment———— ]

irchaser shall provide the Supplier with the relevant drawings<in o
ith this requirement.

Dimensions and tolerances pertinent to the installation”of the com
Senerally, the component shall meet the requirements of this spec
Specification while mounted in any orientation. However, if the cg
d the Supplier and it shall be stated.on'the component installation
wet and dry weight of the completely assembled component shall

installation drawing and shall-not exceed that stated in the Procur¢

port configuration shall be in accordance with MS33649 unless oth

gue Loads;" The structural design of the ports and of the affected

Nt Specification or MS33566, as applicable. There shall be no pern

der to ensure

ponent in the
ment Specification.

ification and the
mponent is
between the
drawings.

be stated on the
ement

erwise specified in

ent Specification.\_The spacing of ports for connecting fittings shall be adequate for
wrench clearance, as specified in MS21343.

sections of the

shall Withstand the application of torque 2.5 times the maximum vajue specified in the

anent distortion or

impairment

of function.

3.6 Detail Requirements:

FAR/JAR 25.603 requirements state that the materials and processes used in the manufacture of
components shall be of high quality, suitable for the purpose and shall conform to the applicable
specifications. Materials conforming to the Supplier's material specifications may be used provided
the specifications are acceptable to the Purchaser and contain provisions for adequate tests.

The use of the Supplier's specifications shall not constitute the waiver of other applicable
specifications. The choice of materials and the assumed strength of the materials shall comply with
FAR/JAR 25.613 regulations.
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3.6.1 Metals: All metals shall be compatible with the fluid, temperature, function, service, and storage
conditions to which the components will be exposed. The metals shall possess adequate
corrosion resisting characteristics, or be suitably protected in accordance with 3.6.2. Magnesium
shall not be used.

3.6.2 Corrosion Protection: Metals which do not inherently possess adequate corrosion resisting
characteristics or are not submerged in hydraulic fluid, shall be suitably protected, in accordance
with the following sub paragraphs, to resist corrosion which may result from such conditions as:

a. Dissimilaf metal combinations (reference MIL-STD-889).
b. Moisture.

c. Salt spray.

d.

High temperature.

Ferrous alloys requiring corrosion preventive treatment, and alkcopper alloys, e)xcept for parts
having bearing surfaces, shall have a suitable electro-deposited metallic coating selected from
Table 1. Tin, padmium, and zinc plating may not be used fehinternal parts or on Internal surfaces in
contact with Qydraulic fluid or exposed to its vapors and’not where parts are sulpject to abrasion.
Where not inglicated, the class and type are at the option of the manufacturer.

Unless otherwise authorized, all aluminium allays shall be anodized in accordance with
MIL-A-8625 Type Il or Type Ill coating. However, in the absence of abrasive conpditions, they may
be coated in accordance with MIL-A-8625Fype | or with a chemical film in acco}dance with

MIL-C-5541. |The exceptions noted shall be subject to the approval of the Purchaser.

TABLE 1 - Metallic Coatings

Coatings Specification
Cadmium plating QQ-P-416, Type ll, class 2
Chromium’plating AMS 2406
Electyoless Nickel plating AMS 2404, AMS 2405, AMS 2433
Nickel plating AMS 2403, AMS 2423, AMS 2424
Silver plating AMS 2410, AMS 2411, AMS 2412, AMS 2413
Tin plating AMS 2409, ASTM B 339, ASTM B 545
Zinc plating ASTM B 633

Other metallic or non-metallic coatings or treatments may be used if acceptable to the Purchaser.

The use of cadmium shall be minimized. Environmental concerns shall be addressed when
selecting the coatings.
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3.6.3 Castings: Castings shall be of high quality, clean, sound, and free from cracks, blow holes, and
excessive porosity and other defects. Defects not materially affecting the suitability of the castings
may be repaired at the foundry or during machining by peening, impregnation, welding, or other
methods acceptable to the Purchaser.

3.6.4

3.6.5

3.6.6

3.6.7

Inspection and repair of castings shall be governed by quality control techniques and standards
that are satisfactory to the Purchaser. When impregnation castings are used, they shall be in
accordance with impregnation procedures and inspection requirements of MIL-STD-276.

Corrosion an
MIL-S-5002 4
remove conta

The use of cg
shall be subijg

The casting f
regulations.

Residual Mag
are not inteng
component n
If a compone
Specification

Magnets: Pe

| heat resistant alloys shall have their surfaces treated in accordar
nd shall be cleaned by acid etching, electropolishing or by mecha
mination, oxides, etc.

stings in components subject to high pressure (3000 psi (20,690 K
ct to the approval of the Purchaser.

hctors assumed in the design of the components shall comply with
netism: Parts made of material that;is'capable of retaining residu
ed to function as magnets, shall be-demagnetized sufficiently to p
alfunction, including malfunctiofbdue to the accumulation of magn

shall specify the maximum:allowable flux density.

Fmanent magnets and-electromagnets shall be shielded where red

system or component malfunetion. The Procurement Specification shall specify

allowable flux

Plastic Parts:

Glands and S

density outside the shield.
The use of plastic parts shall be subject to the approval of the Pu

eals;

ce with
hical means to

Pa) or greater)

FAR/JAR 25.621

bl magnetism, but
revent system or
btic contaminants.

Nt or system is vulnerable torhalfunction due to residual magnetisny, the Procurement

uired to prevent
the maximum

rchaser.

3.6.7.1 General: Components shall be designed so that, in the assembly of parts, sufficient clearance
exists to permit assembly of the components without damage to O-rings or backup rings where
they pass threaded parts or sharp corners.

3.6.7.2

Glands: The configuration and dimensions of seal glands shall conform to the requirements of
AS4716. Non-standard glands for specialized seal assemblies shall only be used with the

approval of

the Purchaser.

Care shall be taken to prevent binding and interference at the most adverse temperature

extremes.
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3.6.7.3 Seals: Wherever possible, ethylene propylene rubber O-rings shall conform to NAS1611 and
NAS1612 dimensional requirements. All other elastomer seals shall dimensionally conform to

3.6.7.4

3.6.7.5

3.6.8

3.6.9

3.6.9.1

AS568. When non-standard seals are necessary to demonstrate compliance

with the

requirements of the Procurement Specification, they may be used subject to the approval of the

Purchaser and indicated on the component’s assembly drawing.

Smaller cross section O-ring seals (0.070 in (1.778 mm) diameter or less) or their equivalent
proprietary seals, shall only be used in exceptional circumstances (such as space critical

application

Components designed for operation with fluids per AS1241 shall use sealing
conforming|to NAS1613.

Components designed for operation with fluids per MIL-H-5606"orMIL-H-872}
sealing elagtomers conforming to MIL-P-25732 or MIL-P-83461. Components
operation wfith fluids per MIL-H-83282 shall use nitrile-sealing elements confo
requirements of MIL-P-83461. If the temperature of MiL-H-5606 or MIL-H-83
expected td exceed 250 °F (121 °C), fluorocarbon elastomers conforming to N
MIL-R-83485 should be used. Of the two elastomérs, MIL-R-83485 materials
properties. However, fluorocarbon;elastomers cannot meet the -
requirement and caution should be exercised‘when using these materials in
low temperature requirements.

Backup Rings: Backup rings shall cenform to MS27595. Backup rings confo
MIL-R-8791/1 may be used on dynamic applications where minimum seal fric
satisfactory| operation or where.access to the gland prevents installation of M
rings. If M§27595 continugus_backup rings are used on dynamic piston applic
to pressure|entrapment between the backup rings must be considered in the

component

Scrapers:
shall have

ompanents with internal diameter seals that may be exposed to v
scraper using a gland in accordance with AS4088.

blastomers

b7 shall use nitrile-
b designed for
'ming to the

P82 fluids are
NIL-R-83248 or
have better low
65 °F (-54 °C)
ystems that have

ming to

ion is required for
527595 backup
ations, friction due
lesign of the

ater, dirt or ice

Standard Parts: Aerospace standard parts (Military or Commercial) shall be used whenever they
are suitable for the purpose, and shall be identified on the drawings by their standard part

identifying numbers.

Marking:

Identification of the Product: FAR/JAR 25.1301 requirements state that the component must be
marked for identification in accordance with standard practices and the Purchaser's

requirements.
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3.6.9.2 Nameplate: Whenever possible, a nameplate containing the following information legibly filled in
shall be securely attached to the component:

NOTE: The use of drive screws is prohibited.

ment Specification.

a. Component type.

b. Procurement Specification number.

c. Supplier's part number.

d. Supplie[sTameortradernrark.

e. Serial number.

f.  Fluid (Identify in accordance with ARP1288 or ISO3323).

g. Date of|manufacture.

h. Inspection stamp.

i. Modification status.

Any additiopal nameplate data requirements shall be spegified in the Procure
If there is insufficient space for a nameplate on the camponent, indelible marking on the
component|is acceptable. The following, as a minimaum, shall be provided:
a. Supplief's part number.

b. Serial number.

3.7 Strength Requi

3.7.1 Pressure Loads: FAR 25.1435(a)(1) requires the components to be designed t

operating loa
temporary de
from perform

The design o

fements:

s in combination‘with limit structural loads which may be imposed
formation of the'eomponent is permitted under these conditions th
ng its intended function.

perating pressure is defined in FAR 25.1435(a)(1) regulations as t

normal operaLing préssure, excluding any transient pressures. The equivalent |

requirement i

b withstand design
No permanent or
At would prevent it

he maximum
AR 25.1435(a)(1)

identical to the FAR 25 regulation except that "working pressure'

is used instead of

"design operating pressure" for components other than pressure vessels. The working pressure is

equivalent to

the maximum steady state pressure of the system.

For pressure vessels (for example, accumulators), the term “limit pressure” is used in
JAR 25.1435(a)(1), which is defined as the anticipated maximum pressure in service, including
tolerances and possible pressure variations in normal operating modes, but excluding transient

pressures.

The Procurement Specification for the component shall define the design operating pressure or
working pressure (as applicable) for the high and low pressure parts of the component. If

applicable, th

e Procurement Specification shall define the limit structural load.
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3.7.2 Proof and Ultimate Pressure Requirements:

3.7.2.1 Proof Pressure Requirements: FAR 25.1435(a)(1) and JAR 25.1435(a)(2) requirements state

that each component must withstand, without rupture, the design operating pressure or working
pressure loads (as applicable) multiplied by 1.5 in conjunction with ultimate structural loads that
can reasonably occur simultaneously.

3.7.2.2

3.7.3

In addition, JAR 25.1435(a)(10) requirement (no equivalent FAR 25 regulation) states that each

component
leakage or
pressure m
full fatigue ¢
fatigue life i

Ultimate Pr
must withst
vessels mu
least 1 miny
on a test sp
test is subs

For applica
pressure re
matches sy

Impulse (Fati
allowance mu
fluctuating or
regulation, th

a.

b.

An overal
external |

permanent distortion. Pressure vessels must withstand the loads
Liltiplied by either 1.5 or 3.0 for at least 3 minutes. In order to-use
bndurance test has to be conducted on a test specimen (frém whi
5 declared) and the proof test is subsequently carried out on the s

bssure Requirements: JAR 25.1435(a)(10) requifement states thg
hnd the loads due to the working pressure multiplied by 2.0, withou
5t withstand the loads due to the limit pressure multiplied by either|

ecimen (from which a permissible fatigue life is declared) and the
bguently carried out on the same testspecimen.

ions that are required to comply_-with FAR 25 regulations, there is
guirement. However, the Pfdeurement Specification may stipulate
stem requirements.

jue) Requirements+ JAR 25.1435(a)(11) requirement states that 3
st be made for fatigue for any part of the hydraulic system which i
repeated intetnaland external loads. Although there is no equiva
b Procurement Specification for each component should state:

predicted duty cycle for the high and low pressure sides of the co
pads,applied to the component (where applicable), throughout the
n.

applicatio

1.5, without

ue to the limit

he lower factor, a
h a permissible
me test specimen.

t each component
[ rupture. Pressure
2.0 or 4.0 for at

te. In order to use the lower factor, a full fatigue endurance test has to be conducted

ultimate pressure

nho formal ultimate
a value that

n adequate
5 subject to
ent FAR 25

mponent, and the
lifetime of its

The scatter factor that is to be applied for analysis or fatigue (Pressure impulse) testing.

In addition, when defining the duty cycle for the impulse testing, the following should be
considered:

a. The pressure variations due to flow demands in the hydraulic system.

b. The peak transient pressure generated by the component as it is operating (for example, a fast

operating

solenoid valve).

Refer to 6.17.2 for details of the impulse testing requirements.
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3.8 Design and Construction:

3.8.1 Minimum Weight: The component shall be designed with emphasis placed on ensuring that its
weight is as low as possible, consistent with the requirements of this Specification and the

3.8.2

3.8.3

3.84

3.8.5

Procurement

Specification.

Lubrication: Except where it is necessary to lubricate drive couplings, the components shall be
self-lubricating with no provisions for lubrication other than the fluid circulating within the

component.

Leakage: Ex
component h
example, pun
leakage over
Procurement

External Tubg
drawing MS3

3000 psi (20,

Interchangeal
completely in
in the Supplie
Sub-assembl
and shall be g
not be interch

3.8.5.1 Adverse To

3.8.6

functioning
performanc
testing.

ernal leakage of sufficient magnitude to form a drop shall not be germitted from the

busing or from any static seal. For those components which.have
ps, motors, actuators), every effort shall be made to minimize am
the lifetime of the component. The permissible externalleakage sk
Specification.

dynamic seals (for
punt of external
all be stated in the

b Connections: External threaded tube connections, when used shall conform to
B514 or MS33515, unless otherwise required.in the Procurement $pecification.
External threaded tube fittings shall be fabricated from steel or titanium if the sylstem pressure is

590 kPa) or higher.

pility:  All parts having the same Supplier's part number shall be difectly and
erchangeable with each other.with respect to installation and perfgrmance. Changes

r's part numbers shall be governed by the Purchaser's requiremer
es composed of selected mating parts must be interchangeable a
o indicated on the Supplier's drawings. The individual parts of suc
angeable.

erance Conditions: The Supplier shall verify that the component g

ts.
5 assembled units,
n assemblies need

hall be capable of

When assembled with adverse tolerance parts without any degradation of component

e or life, (Compliance with this requirement shall be by mathemati

Bolts: Bolts S

maller than 0.25 in (6.35 mm) shall not be used in primary tension

al analysis or

hpplications. Bolts

smaller than 0.188 in (4.763 mm) shall not be used in primary structural applications. Bolts having
minimum tensile strengths more than 160 ksi shall be forged body design and have rolled
head-to-shank fillet radii.

-22 -



https://saenorm.com/api/?name=3f9cd1e07d435e53048ce0318b14e28e

SAE AS4941

3.8.7 Function Adjustment Screws: Function adjustment screws, when used, shall be so designed and
constructed as to maintain adjustment under all the required conditions of vibration, shock,
temperature and adjustment. Friction type locking devices shall be kept to a minimum and shall be

3.8.8

3.8.9

3.8.10

subject to the

approval of the Purchaser.

If a friction type is used, the adjustment screws shall

maintain their setting after adjusting through the full range 15 times, or as allowed in the

Procurement

Specification, and then vibration tested.

It shall be possible to adjust and lock the adjustable screws with a standard wrench or screwdriver.

Where possih
The adjustms
settings, the §
internal or pr¢

Plugs: Perm
it is necessar
used:

a. AMS243
b. Aringloc

Alignment: A
misalignment

Threads: Str
and UNJF3B
shall not be u

s$eal shall be marked with the settings. The means of adjustment s

hnently installed plugs conforming to AS3121 to AS3132 should be
y to use a removable plug with an elastomeric seal,then either the

nt screws shall be sealed, where practicable. If a componentis. s

tected from tampering with a cover or similar device.

D1 type plug, with an elastomeric seal, wirg;locked in position.
ked fluid connection type per AS1300.

Il plungers, poppets, balls, pistons'etc., shall be accurately guided

or chattering on their seats.

Other type threads shal’be subject to the approval of the Purcha
sed.

hight threads shall conforiirto AS8879, Unified Fine Thread Serieg,

e itshattbepossibietoadjustunder futtsysterrpressure wittrregjigible loss of fluid.

Ibject to multiple
hall be either

used. However, if
following shall be

to prevent

classes UNJF3A

ser. Pipe threads
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3.8.11 Safetying: All threaded parts shall be securely locked or safetied by self-locking nuts or other
approved methods. Star washers and jam nuts shall not be used as locking devices.

Lock washers may be used to prevent loosening of threaded fasteners under the following
conditions:

a. When a self-locking feature cannot be provided in an externally or internally threaded part.

or

b. When a cptter pin cannot be use to prevent rotation of an internally threaded part with respect
to an extdrnally threaded part.

or
c. When lock wire cannot be used to prevent loosening of thfeaded parts.
d. When loogening of threaded parts would not endanger the safety of the aircfaft or personnel.
e. When corfosion, encouraged by the gouging of@luminium alloys by the edges of teeth on tooth
locked wgshers, would not cause malfunctioning of parts being fastened together. Installing
washers With wet primer may reduce corfosion of dissimilar metals.
3.8.11.1 Safetying Internal Parts of Fluid Champers: Permanently deformed safetying|devices, such as
safety wire pr cotter pins, that are subject to breaking off, shall not be used infernally in fluid
chambers.
3.8.11.2 Threaded Ipserts: All threaded holes in non-ferrous parts to be used for moumting screws or
bolts, shall [ncorporate-straight threaded inserts if locking wire or other locking|methods are used

on the fastgners. Otherwise, self-locking inserts conforming to MS21209 shall be used.

3.8.12 Retainer Rings: ‘Retainer rings or shap rings shall not be used unless specifical|ly authorized by
the Purchasef.“When retainer rings are permitted, the following requirements afe applicable.

3.8.12.1 Displacement: Displacement of the ring or fragmentation thereof, and associated hardware (for
example, washers, lock wire, etc.) shall not cause, or contribute to, loss of fluid from the
component or system, or cause malfunction of any component in the aircraft.

3.8.12.2 Load Limitation: Hydraulic, structural, mechanical, or any other form of loads, or combination
thereof, including vibration, shock loads, expansion or contraction due to temperature changes,
etc., shall not be exerted on the ring that may cause axial displacement and/or failure of the ring.
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3.8.12.3 Installation Clearances and Tolerances: Retainer rings or snap rings shall not be used where
build-up of clearances and manufacturing tolerances will allow destructive end play in the
assembly that may cause, or contribute to, failure of seals or gaskets, brinelling, or fatigue failure

of parts.

3.8.12.4 Installation and Removal: The retainer rings or snap rings shall be capable of being removed
with standard pin type pliers or other standard tools developed for use with the rings.

3.8.13

3.8.14

3.8.15

3.8.16

3.8.17

Spring Pins:
that conflict w

Reverse Instd
in the aircraft
failure due to
impossible or
Acceptance T

Robustness:

mechanism and stops shall be capable of withstanding a limit torque of 75 Ib-in
r:Te stops but do not
have an intedgral control means, the stops shall. e capable of withstanding a li

radii of greate

1800 Ib-in (20

Fixed Orificeg:

diameter sha
two-thirds of
from this requ

Multiple orific
allowing the (

Orifices and {
pressure with

T e Use of Spring pins 1S undesiratte anmdthey shatt ot e used i
ith the intent of MS33547, unless specifically approved by the Rur

lllation: All components shall be designed such that reverse or ing
or sub-assembly cannot be made. Internal parts which:are subjed
reversed or rotated assembly shall be designed tosender imprope
ests.
Where a manually operated control lever s part of the component
r than 0.8 in (20.3 mm). In the case;ef components that incorpo
,738 kg mm).

Orifices larger than 0.0057n (0.127 mm) but smaller than 0.070

he diameter being protected. Orifices that are subjected to reversi
irement. Orifices.smaller than 0.005 in (0.127 mm) diameter shal

b fixed restrictors shall be used as a means of increasing the orifig
se of coarser strainer elements.

econdary filter elements shall be strong enough to absorb system
oubrupture or permanent deformation.

any applications
Chaser.

orrect installation
t to malfunction or
r assembly

such that any incorrectly installed assembly can.be detected during the Production

, the lever,
(864 kg mm) for a

it torque of

in (1.778 mm)

| be protected by adjacent secondary filters having screen openings one-third to

ng flow are exempt
not be used.

e diameter and

design flow and

Internal Locks: If it is required to retain the position of an actuator with no hydraulic system
pressure available, then either positive over center locks or internal hydraulic lock devices (such as
hydraulically operated mechanical or finger type locks) should be used. Internal locks that solely
rely on friction of wetted surfaces shall not be used.
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3.9 Electrical Requirements:

3.9.1 Voltage Range: Electrically operated components shall be designed to operate in aircraft electrical
systems having characteristics as specified in RTCA/DO-160 Section 16. The components shall
be designed to operate under simultaneous extremes of temperature, fluid pressure and voltage.
The effect of the following factors shall be considered in determining the most detrimental voltage

3.9.2

3.9.3

3.94

as defined in

RTCA/DO-160 Section 16:

a. Over and
b. Distortion
c. Surge.

d. Emergen
NOTE: MIL-S
Solenoid OpHd

rugged const
aircraft and p

Solenoids shall be designed for continuous or intermittent duty and shall be sup

multiple coil v
coming in co
prevent ultim
components

Solenoids sh
The drop out
than 10% of t

ambient tem(

Electric Moto

under vottage:

(ripple).

'y mode operation.

5TD-704 may be used in place of RTCA/DO-160.

rated Components: The solenoids shall be of.cémpact design an

uction to withstand the mechanical shocks and stresses incident t
brformance under the environmental conditions specified in 3.4.

indings. The solenoids shall be tatally enclosed in order to preve
tact with the electrical windings.) The coil(s) shall be firmly fixed i
bhall be subject to approvalfrom the Purchaser.

bl operate within the.time specified in the Procurement Specificati
or pull in voltage-(as appropriate) for solenoid operated componer
he nominallgperating voltage and less than the minimum activation

erature €xtremes as specified in the Procurement Specification.

Operated Components: The characteristics of electric motors fof

hydraulic conpponents shall conform generally to MIL-M-8609 for DC operated

| of sufficiently
p their use in

blied with single or
Nt moisture from
the frame to

hte failure of leads caused byi-vibration. Potting compounds used |n the electrical

DN.
ts shall be greater

voltage and at the

operating
nits, MIL-M-7969

for AC operated units, and the Procurement Specification, including hydraulic fluid proof and

explosion pro

of requirements.

Clutches or Brakes: On assemblies using clutches or brakes to limit overtravel, the design shall be
such as to prevent overtravel sufficient to cause malfunctioning of the component, even with oil on
the clutch or brake surfaces. Positive mechanical stops shall be incorporated to ensure accurate

positioning.
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3.9.5 Electromagnetic Interference: In order to demonstrate compliance with FAR/JAR 25.1353(a) and
FAR/JAR 25.1431(c), the Procurement Specification, for electrically operated components that
might be affected by electromagnetic interference, shall specify EMC testing in accordance with
RTCA/DO-160, Sections 20 and 21.

NOTE: MIL-STD-461, MIL-STD-462 and IEEE C63.14 may be used in place of RTCA/DO-160.

3.9.6 Electro-Conductive Bonding: FAR/JAR 25.581 and JAR 25.X899 requirements states that the

aircraft must |
meet this reg
aircraft. This
connections'
aircraft. The
resistance mé
specified in tH
ARP1870.

3.9.7 Connectors:
unless othery

3.10 Maintainability

3.10.1 Maintenance
Specification

3.10.2 Useful Life arn
shall stated in

a. Life befor

b. Storage life.

c. Life befor

is achieved either by having an effective continuity of bonding’acr
borts or by the provision of a facility to enable the componént to b
method of bonding should be stated in the Procurement Specifica
pasured shall not exceed the limits as called out in ARP1870, unle
e Procurement Specification. MIL-STD-464 may.he used as an al

The electrical connectors shall be in accordance with MIL-C-3899
ise specified in the Procurement Specification.
Requirements:

Concept: The required maintenance concept shall be stated in th
for example, "On Condition".

d Storage Conditions: The requirements together with the approg
the Procurement.Specification and shall consist of:

e it has to be overhauled (if applicable).

b it hastto be scrapped.

Care shall be

strike. In order to

ilation, each component must have the capability of being effegtively bonded to the

ss the tube
bonded to the

ion. The

5S otherwise

ernative to

b or NAS1599

P Procurement

riate definitions

given in defining the life of a component. A requirement for a "lov

life" component

will not take advantage of the available technologies. However, if the life is too high, then it might
result in component qualification problems.
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3.10.3 Maintainability Features: The component shall incorporate the following features in order to
minimize its cost of ownership and the possibility of incorrect assembly:

urfaces shall be replaceable or repairable.

prevent erroneous connections.

Electrical sockets and connections, mounting and wiring provisions shall be designed to

a. Allwears

b.

c. Compon
Line repla
standard

d. Special o
maintena

3.11 Reliability Reqy

3.11.1 Design for Rq
achievable re

a. Using the
b. Using ma

Reviewin
the lesso

C.

3.11.2 Mean Time b
requirements
the removal @

!

s thatare ot functiomatty merchangeatte statt ot e physicatty
cement of the component or any module of the component shall b
ools only.

unique equipment is kept to a strict minimum for shop‘repair, ove
nce checks.

irements:

liability: As part of the design process, every effort shall be made
liability for the component. This should:be conducted by:

minimum number of parts.
ferials and processes that have been shown to have an excellent i

the in-service history.of-similar components and consulting AIR4
s that can be learned-and thereby minimize the possibility of in-se

bfore Unscheduted Removals: The Procurement Specification sha
for the justified unscheduled removal rate per 1000 flight hours. T
f the component due to external leakage.

interchangeable.
e conducted using

rhaul and

o achieve the best

h-service history.

b43 to determine
rvice problems.

| state the
his shall include
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3.11.3 Data Requirements: The supplier shall provide the following data:

4. QUALITY ASSUJ

4.1 Responsibility for Inspection:

4.2

4.3

oo oW

The defect rate.

The failure rate.

The safety rate (if applicable).

The failure mode and effects analysis (FMEA).

This is required in order to:

a. Enable an
FAR/JAR
b. Plan integ

Unless otherwi
all inspection r¢
Supplier may u
approvals.

The Purchaser
such inspection
stipulated requ

First Article Ins

The first delive

25.1309.

RANCE PROVISIONS:

be specified in the contract or order, the Supplier is responsible for

e his own facilities or the services of-any industrial laboratory that

rements.

bection:

alysis to be conducted to demonstrate compliance with the safety|

rated logistics support requirements.

quirements as specified herein. Except.as otherwise specified in

reserves the right to performlany of the inspections contained in th
s are deemed necessary to ensure that the supplies and the servi

ed productignarticle shall have a detailed external dimensioning i

requirements of

he performance of
the contract, the
has the necessary

is Standard where
ces conform to the

nspection along

with the produgtion acceptance testing to show compliance with the applicable inferface or source

control drawing

recorded for comparison with the applicable requirement document. A later serial

component ma

specification. The actual measured dimensions and interface star

dards shall be
numbered

e used for first article inspection with the concurrence of the Pu

rchaser and the

Supplier.

Classification of Tests:

For the purpose of demonstrating compliance of components with this Standard and the applicable
Procurement Specification, two distinct test programs shall be conducted, hereinafter referred to as
Acceptance Tests and Qualification Tests.
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4.4 Test Stand Requirements:

For the test stands that are employed for the acceptance tests and the qualification tests, the
following limits are set for the required steady state operating conditions, unless otherwise agreed to
between the Supplier and the Purchaser:

Pressure:
a. Up to 100 pi X

X 0 X X .
b. Up to 1000 (psi (6895 kPa): +2% but not less than +15 psi (£103 kPa).
c. Greater thap 1000 psi (6895 kPa): £2% but not less than 60 psi (x414.kPa).

Temperature:

a. Between -7D and +110 °F, within =5 °F (-57 to +43 °C, within’t3™°C).
b. Between +110 and +225 °F, within £8 °F (+43 to +107 °C;,within 4 °C).

Component shaft speed (where applicable): Within £2%.
Flow: Within £5%.
The accuracy df the instrumentation shall be consistent with the measurement tolerances required.

The test standqd shall use sufficient filtrationto maintain the cleanliness of the fluid to AS4059 or
NAS1638, Clags 6 or better, except for the qualification endurance testing (see 6.9).

5. ACCEPTANCE TESTS:

Each hydraulic component submitted for delivery under a procurement contract shall be subjected to
the following acceptance test requirements:

a. Visual and dimensional examinations.

b. Atest program to determine product conformance to the dimensional, workmanship, functional and
performance requirements of this Specification and the Procurement Specification. The test
program is specified in 5.1. Unless otherwise specified in the Procurement Specification, the fluid
and ambient temperatures shall be between 70 °F (21 °C) and 120 °F (49 °C).

5.1 Test Program and Inspection Methods:
Starting with 5.1.1, the hydraulic fluid in the test circuit shall be as specified in the Procurement

Specification. If, at any phase of testing, working parts require replacement, the entire acceptance
test procedure shall be repeated.
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5.1.1 Weight: Unless the dry weight of the component is required by the Procurement Specification, the
component shall be filled with fluid and all the air bled from it. It shall then be weighed to check that

51.2

5.1.3

514

it is no greate

r than that stated in the component’s installation drawing.

External Leakage: Throughout the test program, there shall be no external leakage past the static
seals or the housing except where external dynamic seals are utilized; the permissible leakage
past such seals shall be no greater than that specified in the Procurement Specification.

Proof Pressu
statically or w
pressure or al

The rate of priessure rise shall not exceed 25,000 psi (172,366 kPa) per minute.

evidence of:

a. External |

dynamic rfotating seals that may leak at the rate specified in the Procuremer

b. EXxcessivd

c. Permane
Components
applied eithel
Components
valves or acc
as specified i

Pressure Dro
specified in th
exceed that g
the compone

T TestsT TESE eSS ITay DE Tonaucted at TToTa Operating temp
ith the component in operation. The proof pressure shall be 115 ti
5 specified in the Procurement Specification and shall be heldfor

pakage other than a slight wetting at seals insufficient to form a dr

distortion.
it set.

that require a varying test préessure in different elements may have
separately or simultaneeuisly, as specified in the Procurement Sp
which are subject to pressure in the reverse direction such as che
Limulators shall be pressurized in both directions, either separately
n the Procurement Specification.

p: When applicable, the pressure drop across the component at t
e Procurement Specification shall be measured. The value obser
ermittéd by the Procurement Specification. This test shall be perf
nts in-a production lot, unless otherwise agreed between the Supp

erature, either
mes the working
ht least 3 minutes.

There shall be no

bp except for
t Specification.

 these pressures
bcification.

ck valves, shut off
or simultaneously

ne rated flow

ved shall not
brmed on 10% of
ier and the

Purchaser.
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5.1.5 Function Tests: The Supplier shall undertake a series of function tests to demonstrate that the
component complies with the technical requirements that are specified in the Procurement
Specification. The Supplier shall propose the function test program and submit it for approval to
the Purchaser. The test program shall incorporate tests to determine the correct operation of the
component, such as:

Correct movement of the component when selected.
Correct rate of operation.

a.
b.
c. Correctp
d. Loadsto
e. Internal Ig
f. Checkso
g. Electrical
out voltag

5.1.6 Electro-Cond
shall be meas

5.2 Preparation for
After testing, sr
with fresh, hydn
components sh
The fluid used
A shipping tag

5.3 Storage and P4

The method of
procurement cd

DWET gEllEldlEd.
bperate the component or that the component has to overcome,
akage check.

position indication (when applicable).
checks such as current draw at minimum and maximumvoltage le
e, insulation and dielectric tests.

Lictive Bonding: The electrical resistance betweén specified points

Shipment:

hall components shall be drained.and filled to approximately 85%
aulic fluid to a cleanliness standard of AS4059 or NAS1638, Class
all be filled with enough fluidlto wet all the surfaces.

shall be either the specified hydraulic system fluid or a compatible
chall be provided that states the fluid that has been used for shipp

\cking:

storage;and packing shall be defined in the Procurement Specifica
ntract

els, solenoid drop

on the component

ured. It shall not be greater than the valuesstated in the Procurenpent Specification.

Df their full volume
6 or better. Larger

preservative fluid.

ng.

ition or

6. QUALIFICATION

TESTS:

Quialification tests, for the purposes of checking whether the component design conforms to the
requirements of this Standard and the Procurement Specification, shall consist of the tests specified
herein. The Supplier shall compile a detailed test schedule for the qualification test program that shall
be agreed to by the Purchaser and by the Airworthiness Authorities, when applicable, before the test
program commences.
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6.1 Qualification Procedure:

6.1.1 Qualification by Similarity: All or some of the qualification tests may be waived if the following
conditions are met:

a. The component incorporates the same or essentially the same configuration, operation and
materials as a component which was previously qualified.

b. The servigeTequirenments for the previous appiication for wiich thetompornent was qualified
was equiyalent to or greater than the service requirements for this applicatign.

and

c. The proddiction facility shall be the same and/or all the production processes are the same or
better.

A report substantiated by drawings and test data showing-the similarity with the|qualified
component shall be submitted instead of carrying out actual tests.

6.1.2 Component Qualification Test Report: A report of;the tests performed and the tgst results shall be
compiled. Thiis report shall include a full assessment of the extent to which the tested components
comply with the specified requirements.

The report shpll include full descriptions-of the manner in which the tests were performed, including
instrumentatipn description, schematic’diagrams, photographs, as appropriate, and copies of the

test data shegts. Hydraulic test eircuits shall be described in complete detail for each test. A set of
parts lists of the component shall accompany the report.

6.1.3 Test Compongents Requirements: The qualification tests shall be conducted on [components that
are to the prgduction standard. The number of components to be used during the qualification
testing shall he agreed between the Supplier and the Purchaser, as well as the tests that shall be
conducted or| eachtest specimen.

6.1.4 Notification of Test Failures: Whenever a failure is encountered in the qualification test program,
the Supplier shall notify the Purchaser within 24 hours of the failure. The Supplier shall obtain
concurrence of the corrective action from the Purchaser before restarting the testing.
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6.2 Range of Qualification Tests:

6.3

6.4

The qualification tests to be carried out shall include the following:

Function te

Acceptance tests (see 6.3).

sts (see 6.4).

Fluid immersion test (see 6.5).
Actuation above system pressure test (see 6.6).

Extreme te

Fire resista

Solenoid te

TOS3ITATTS@QNO0OQ0T

Any additio
Acceptance Te

Those accepta

Drop out vattagetest(see 6:77-
Temperature rise test (see 6.8).
Endurance testing (see 6.9).

perature functioning tests (see 6.10).

Vibration tept (see 6.11).
Electromagpetic interference test (see 6.12).
Explosion groofness test (see 6.13).

nce test (see 6.14).

. Environmental tests (see 6.15).

5ts (see 6.16).

Structural tg¢sts (see 6.17).
nal tests required by the ProcurementiSpecification.

5tS:

nce tests which are included’in the design approval test program,

shall be performed

exactly as speqg

a.

The tests s
fluid tempe

The pressu
rated flow O
component

ified in 5.1, except that:

nall be extended-to_check the correct operation of the component for the complete

ature range as specified in 3.3.2.

e drop test shall be carried out with flow rates of 25%, 50%, 75%, 100% and 110% of
r as specified in the Procurement Specification. The pressure drop across the
shall-be recorded at each of these flow rates. In addition, the pressure drop may be

also measufred’ at these flow rates with the fluid at different temperatures.

External leakage is allowed to degrade to a maximum stipulated in the Procurement
Specification. This shall be throughout the duration of the qualification program.

Function Tests:

The test program shall include a series of detailed function tests that will enable the Purchaser to
determine that the component fully complies with the Procurement Specification and the applicable
airworthiness requirements. These tests may be more comprehensive than those conducted in the
Acceptance Test schedule. In addition, tests may be conducted which investigate the effects of
failure modes within the component or the aircraft hydraulic system.
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