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RATIONALE

AS4401 has been reaffirmed to comply with the SAE five-year review policy.
1. SCOPE:
1.1 Field of Application:

This Performance Standard covers the Qualification Test Requirements for separable fittings,
permanent fittings, and tubing suitable for use in 8000 psi aerospace fluid power systems. The
standard treats each of these elements as part of a “system” in which each element has a
specific critical relationship one to the other This document is applicable to both the pressure
(8000 psi) and the return (4000 psi) portions of an 8000 psi rated system. Rationale for tests,
testing philosophy, and key words are covered in Sections 5 and 6.

1.2 Product Classification:

Fittings and tubing shall be classified based on their suitability for use throughout the following
temperature ranges:

a. Typel: -65to+160 °F
b. Typell: -65to +275°F
c. Typelll: -65to +450 °F

2. REFERENCES:
2.1 Applicable Documents:
The following publications form a part of this Performance Standard to the extent specified

herein. The latest issue of SAE publications shall apply. The applicable issue of other
documents shall be the issue in effect at the time the test program outlined herein is initiated.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely 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 revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.
Copyright © 2013 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada) SAE values your input.ino ir ')V|o'e’f
Tel: +1724-776-4970 (outside USA) on this Technical Repurt, piecse Misitument Sharing [Hub
Fax: ~ 724-776-0790 http://www.sae.org/technical/standards/AS4401
Email: CustomerService@sae.org
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2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA
15096-0001.

AS478 Identification Marking Methods

ARP994 Recommended Practice for the Design of Tubing Installations for Aerospace Fluid
Power Systems

AS1055 Fire Testing of Flexible Hose, Tube Assemblies, Coils, Fittings and Similar System
Components

ARP1185 Flexure Testing of Hydraulic Tubing, Joints and Fittings

AIR1377 Fire Test Equipment for Flexible Hose and Tube Assemblies

AIR1529 Flexure Testing of Hydraulic Tubing Joints and Fittings by Planar Resonant Vibration
{(Free-Free Beam)

AIR4298 Impulse Test Machine, Sine Wave, Equipment and Operation of

AIR4381 The Odd-Even Tube Size Approach for Hydraulic Plumbing Systems

AS4467 Standardized Hydraulic Tube Walls

2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk, Building
4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

MIL-STD-801 Military Standards, Environmental Test Methods

MIL-H-5606 Hydraulic Fluid Petroleum Base, Aircraft, Missile and Ordinance
MIL-H-83282 Hydraulic Fluid, Fire Resistant Synthetic Hydrocarbon Base, Aircraft
MIL-H-8446 Hydraulic Fluid, Nonpetroleum Base, Aircraft

CTFE Hydraulic Fluid, Nonflammable, Aircraft

2.1.3 Other Publications:

PipeMate Tube Stress Analysis Computer Program: Available from PipeMate Systems,
Powell Morgan Inc., 340 Ritch St. #8, San Francisco, CA 94107

3. REQUIREMENTS:
3.1 Test Specimens:

The test specimens used to qualify tubing and/or fittings in conformance with this performance
standard shall be fabricated using tubing ranging from 3/16 in nominal outside diameter (OD) to
15/16 in hominal OD in 1/8 in increments (i.e., in odd dash number sizes ranging from -03 to -15)
for the 8000 psi rated pressure system. Even nhumbered sizes ranging from -04 through -24 in
1/8 in increments (1/4 in increments above -16) shall be used for qualifying the corresponding
return (4000 psi) system. The test specimen configurations for permanent fittings shall be as
shown in Figure 1. The test specimen configuration for separable joints shall be as shown in
Figure 2 and that for tubing shall as shown in Figure 3.
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PRESSURE IN

MOVING LOW

FIXED LOW
FRICTION PIVOT FRICHCH PINOT

FLEX LINE_OF_ACTION
STRAIN

END CAP FITTING (TYP) CONFIGURATION
OPTIONAL (REQUIRES PROVISIONS FOR R BEND RADIUS-3 TIMES
PRESSURE INPUT AT ONE END) NOMINAL TUBE 0D.
BEND PER ARP 994

= N CONFI ION
(SEE TABLES S AND 6)

ALL LINEAR DIMENSIONS ARE IN INCHES

NOTES:

DAS L R A
NO. +03 015 + 015
-03 53 563 1430
-04 156 750 1.618
-0S 219 838 1.805
-06 2.82 1125 1993
-07 3.45 1313 2.180
-08 4.08 1500 2.368
-09 4.71 1688 2.555
-10 5.34 1875 2.748

-11 5.96 2.063 2940
-12 6.60 2.250 3.133
-13 7.21 2.438 8325
-14 7.86 2625 3.513
-15 8.47 2813 3.700
-16 9.12 3.000 3.893
-20 11.64 3.750 4.653_
24 14.16 4.500 | 5.413

FIGURE 3 - Tube Flexure Test Specimen

Full document details: SAE AS4401
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3.1.1 Test Specimen Identification: Each test specimen shall have a unique test specimen
identification number permanently electrochemically etched on a readily visible surface of the
specimen in accordance with AS478-7A. The identification shall incorporate coding which, in so
far as practical, identifies salient features of the test specimen such as tube material, fitting
type, etc. In addition the coding shall contain the specimen identification dash number shown in
Tables 1 through 5.

3.1.2 Penalty Run Specimens: Parts which are to be subject to a penalty run in accordance with
3.2.5 shall be marked with an identification number, identical to the humber of the part they
replace, except with an “X” added. Any subsequent penalty run specimen groups shall be
marked sequentially with the letters “Y” and “Z”.

3.1.3 Sectioned Specimens: All specimens which do not meet the required “Pass” criteria shall be
analyzed to determine the exact nature of the deficiency. In most instances this will involve
sectioning. Any specimens which are cut into two or more parts for analysis or display
purposes shall have all parts identified with the basic specimen number, either through
electrochemical etching, tagging, or other appropriate means.

3.2 Qualification:

Complete qualification for aerospace applications shall consist of qualifying two permanent fitting
“packages”, two separable fitting “packages”, and a tubing “package”, of a given temperature
classification (Type Number, see 1.2) to the requirements of this Performance Standard. A
“package” shall consist of as many as sixteen “family groups”, involving each dash number size
ranging from -03 through -24. The "family group” shall consist of a series of test specimens,
each of which has fittings of identical function, size, and material and/or tubing of identical outside
diameter, wall thickness, matetrial, and material properties. In all cases fitting “packages” shall
use only tubing which has previously been qualified as part of a tubing “package”. The number of
specimens which shall be tested, and the tests to which they shall be subjected, shall be as
indicated in Tables 1 and 2 for permanent fittings, in Tables 3 and 4 for separable fittings, and in
Table 5 for tubing. Complete qualification shall constitute the successful meeting, or exceeding,
of all test “pass” criteria established in Section 3 by all five of the “packages” defined in Tables 1
through 5. The sequence of testing within any given “package” shall be as shown in Table 6.
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TABLE 5 - Hydraulic Tubing Test Specimen Matrix
Pressure (8000 psi) Rated and Return (4000 psi) Rated Systems
Number Number Number Number Number Number Number
of of of of of of of
Test Test Test Test Test Test Test
Specimens Specimens Specimens Specimens Specimens Specimens Specimens
per per per per per per per
Configur-  Configur- Configur- Configur- Configur- Configur- Configur-
ation ation ation ation ation ation ation
Speci- per per per per per per per
men Test Test Test Test Test Test Test Total Total
Ident. Tube Paragraph Paragraph Paragraph  Paragraph  Paragraph  Paragraph  Paragraph Specimens Specimens
Dash Size 421 4272 423 424 425 429 4212 per per
No. Dia. Exam. Pneu. Proof Impulse Mech. Burst Pneu. Configur- Family
1412/ (in) Spec. Test Test Test Flexure Test Proof ation Group
-030 188 8 8 8 - 8 - - 8
-039 188 10 10 10 8 - 2 1 10 18
-040 250 8 8 8 - 8 - - 8
-049 250 10 10 10 8 - 2 1 10 18
-050 313 8 8 8 - 8 - - 8
-059 313 10 10 10 8 - 2 - 10 18
-060 375 8 8 8 - 8 - - 8
-069 375 10 10 10 8 - 2 - 10 18
-070 438 8 8 8 - 8 - - 8
-079 438 10 10 10 8 - 2 - 10 18
-080 .500 8 8 8 - 8 - - 8
-089 500 10 10 10 8 - 2 - 10 18
-091 563 8 8 8 - 8 - 1 8
-099 563 10 10 10 8 - 2 - 10 18
-100 625 8 8 8 - 8 - - 8
-109 625 10 10 10 8 - 2 - 10 18
-110 688 8 8 8 - 8 - - 8
-119 .688 10 10 10 8 - 2 - 10 18
-120 750 8 8 8 - 8 - - 8
-129 750 10 10 10 8 - 2 1 10 18
-130 813 8 8 8 - 8 - - 8
-139 813 10 10 10 8 - 2 - 10 18
-140 875 8 8 8 - 8 - - 8
-148 875 10 10 10 8 - 2 - 10 18
-150 938 8 8 8 - 8 - - 8
-159 938 10 10 10 8 - 2 1 10 18
-160 1.000 8 8 8 - 8 - - 8
-169 1.000 10 10 10 8 - 2 - 10 18
-200 1.250 8 8 8 - 8 - - 8
-209 1.250 10 10 10 8 - 2 - 10 18
-240 1.500 8 8 8 - 8 - - 8
-249 1.500 10 10 10 8 - 2 1 10 18
Total/Test Para. 288 288 288 128 128 32 6 288

Total Qualification Test Program “Packages” (Pressure and Return)

{1/ First two digits in dash no. indicates tube size dash no. and last digit indicates test specimen configuration as shown in Figures 3
and 7.

/2/ Even dash nos. (first two digits) indicate 4000 psi specimens and odd dash nos. indicate 8000 psi specimens.
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TABLE 6 - Qualification Test Sequence

Specimen Configuration Number
(See Figures 1, 2, 3, 6, and 8)

Test

Paragraph

1(P)
2(S)
9(Mm

Test

Sequence
(below)

1(P)

(S)
(m
Test

o N

Sequence
(below)

Test

Sequence
(below)

Test
Sequence
(below)

-(P)
2(S)
-(T)

Test
Sequence
(below)

Test
Sequence
(below)

7(P)
8(s)
-(M

Test
Sequence
(below)

4.2.1 Examination
of Specimen

422 Pneumatic

Test

423 Proof
Test

424 Impulse

Test

425 Mechanical
Flex Test

426 Torsional
Flex Test

427 Vibrational
Flex Test

428 Repeated
M/ Assy. Test

429 Burst
Test

4,210 Thermal
Shock Test

4211 Fire Resis-
21 tance Test

4.2.12 Pneumatic
Press. Test

1

1

NOTE: Specimen Types: (P)- Permanent, (S) - Separable, (T) - Tube

M/ Applicable to separable fittings only.

/2/ Hydraulic Proof Test (4.2.3) shall be repeated after completion of Fire Resistance Test.

1

3and6
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