AEROSPACE AIR1529™

REV.B

internationat: | INFORMATION REPORT Issued

Revised
Reaffirmed
Stabilized

1978-03
1989-10
2013-01
2020-05

Superseding AIR1529

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

RATIONALE

This document has been determined to contain basic and stable technology which is not dynamic in nature.

STABILIZED NOTICE

This document has been declared "Stabilized" by the SAE G-3, Aerospace Couplings, Fittings, Hose, Tubing Assemblies
Committee and will no longer be subjected to periodic reviews for currency. Users are responsible for verifying references

and continued suitability of technical requirements. Newer technology may exist.

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 © 2020 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, electron;,\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)
Tel: +1 724-776-4970 (outside USA)

For more information ¢n s staB%
Fax:  724-776-0790 https://www.sae.orq/standards/content?M

=

ard, visi

En%}gﬁlparing ub

Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org
Full document details: SAE AIR1529B


http://www.avadocuments.com/doc/sae-air1529b
http://www.avadocuments.com/doc/sae-air1529b

SAE INTERNATIONAL AIR1529™B 10F 13

1. SCOPE:

1.1 This Aerospace Information Report (AIR) establishes flexure test procedures to determine and
classify the fatigue strengths of reconnectable or permanent hydraulic tube joints.

The procedure is intended for conducting flexure tests of fittings and joints for hydraulic tubing
materials such as AMS 5561 steel, AMS 4944 titanium and MIL-T-7081 aluminum alloy, mounted as
free-free resonant beams.

Of particular advantage are the inherent simplicity of test setup, minimum restraint from a test
fixture, low power requirements, short test duration, and ease of varying stress level.

1.2 Classification:

1.2.1 Type:
Type | Tests to be conducted with full cyclic bending stress reversal without simultaneous
application of internal pressure
Type Il Tests to be conducted with full cyclic bending stress reversal with a constant mean

stress applied by imposing system pressure during cycling
2. REFERENCES:
2.1 Issues of Documents:

The following documents of the issue in effect on date of invitation for bids or request for proposal
form a part of this document to the extent specified herein.
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2.2 Military Specifications:
MIL-T-7081  Tube, Aluminum Alloy, Seamless, Round, Drawn, 6061, Aircraft Hydraulic Quality

2.3 SAE Publications:

Available from Society of Automotive Engineers, Inc., 400 Commonwealth Drive, Warrendale, PA
15096.

AMS 4944 Titanium Alloy Tubing, Seamless, Hydraulic, 3.0Al - 2.5V, Cold Worked, Stress
Relieved

AMS 5561 Steel Tubing, Welded and Drawn, Corrosion Resistant, 9.0Mn - 20Cr - 6.5Ni - 0.28N,
High Pressure Hydraulic

ARP1185 Flexure Testing of Hydraulic Tubing Joints and Fittings

3. REQUIREMENTS:
3.1 Flexure Test Device;

The test device should be capable of testing in-line or bulkhead union fittings and other
configurations such as tees. The device should consist of a vibration generator similar to an MB
Calibrator/Exciter system on which the test specimen is mounted in the manner shown in Figures 1
and 2 using a vibration yoke assembly in accordance with Figures 7 and 8. In this configuration the
test specimen is caused to vibrate as a free-free beam in its first resonant mode at an amplitude
which provides the desired stress level. Until fracture occurs, the resonant frequency remains
constant regardless of the stress level selected. Under Type Il test conditions, pressure may be
applied using a simple hand pump. Each device is capable of testing one specimen.

3.2 Flexure Test Specimen:

The specimen shall consist of a straight length of tubing that mounts a test fitting in a manner which
places the center of mass of the entire test specimen at midspan. Type | specimens do not require
end fittings (Figure 1). Type |l specimens are provided with end fittings to contain the internal
pressure (Figure 2).

3.3 Specimen Length and Deflection:

3.3.1 Specimen Length: Type | specimen lengths are given in Figure 1. These will resonate at
approximately 150 Hz. Type Il specimen lengths and recommended end fittings are given in
Figure 2. These will resonate at approximately 100 Hz. Shorter specimens resonating at higher
frequencies may be used but present a disadvantage because of relatively less deflection and
consequent inherent increase of calibration errors.
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3.3.2 Stress Determination: The desired bending stress for each set of specimens shall be induced by
deflection during resonant vibration. The bending stress levels corresponding to various
amplitudes of deflection can be determined through use of strain gages and the procedures
outlined in 4.1.4. Strain gages should always be used to calibrate the stress-deflection of at least
one specimen of each new configuration of tube material, type of fitting or line size.

3.3.3 Deflection: The approximate deflection corresponding to 30 000 psi bending stress at midspan for
various tube materials is given in Figures 1 and 2. Deflections for other bending stresses are
proportionate. The exact deflection for a given stress level on a given specimen configuration is
determined during stress-deflection calibration.

3.4 Classification of Fittings:

Fitting and tubing combinations shall be classified according to the S/N flexure performance method
specified in ARP1185 paragraph 3.4.

3.5 Deflection/Fatigue Strength:

The deflection/fatigue strength shall be determined by the method specified in ARP1185
paragraph 3.5.

4. PROCEDURE:
4.1 Preparation for Test:

4.1.1 Instrumentation Strain Gages: Two strain gages should be mounted on each side of the test fitting
as shown in Figures 1 and 2. The leads may be taped to the test specimen and taken off
conhveniently at the nodes. It is important to use strain gages of a size that will properly identify
maximum bending stress. The following gage sizes are recommended:

a. For tube sizes through -6: 1/8 in gage
b. Fortube sizes -8 and -10: 1/8 or 1/4 in gage
¢. For tube sizes -12 and larger: 1/4 in gage

Suitable gages are recommended in ARP1185 paragraph 6.2.

4.1.2 Instrumentation Deflection Target: Deflection may be conveniently read on a paper deflection
target constructed as shown in Figure 4, attached at the tube end, the location of greatest
deflection excursion. The target may be constructed to be read from the side or the end. VWhen the
tube is vibrating, retention of vision presents a shadowed triangle, the apex of which is an accurate
measure of the excursion double amplitude. Targets may be photographically reproduced in

quantity.
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4.1.3 Test Setup: The test specimen is mounted, as shown in Figures 1 and 2, in a vibration yoke
assembly near one of the two node points; the yoke, in turn, being attached to the armature of the
exciter. It is horizontally supported at the other node point by a loop of string attached to a fixed
bracket, suspended essentially as a free body with very little mounting restraint in the plane of
vibration. The Type Il test setup is made flexible by providing several spring-like loops in the
connecting pressure line. The two nodes are points of zero amplitude. The yoke assembly is
positioned slightly off-node to impart a force input through a small amplitude at low power at
resonant frequency. The string at the other node carties no dynamic load, but only its share of the
test specimen static weight. The specimen resonates as quietly and regularly as a tuning fork.

4.1.4 Stress-Deflection Calibration: Values of the desired maximum bending stress shall be determined
by varying the gain of the vibration input and obtaining corresponding strain gage readings.
Simultaneously, as the tube end deflects, the deflection target measures the double amplitude
associated with the maximum bending stress. Bending stress deflection data shall be obtained and
recorded as shown in Figure 5. The resultant plot is always linear and an appropriate straight line
may be faired in from a few plotted points. If the stress-deflection plot is not approximately linear,
improper mounting or reading of strain gages must be suspected. Each different configuration of
test specimen, size, material or type of connector, requires its own initial stress-deflection
calibration. Thereafter, all succeeding similar test specimens may use deflection target data for
adjusting maximum bending stress levels. The stress-deflection calibration is always determined
without internal pressure.

NOTE: Exercise caution to not overshoot desired stress level during startup as it is easy to do and
will seriously affect validity of the results.

4.1.5 Failure of Test Specimen: If a test specimen detunes and thereafter cannot be made to resonate
at its original natural frequency, even though leakage due to internal pressure may not be
immediately apparent, a change in elastic continuity has occurred, indicating a fracture. The nature
and location of the failure may be determined by a convenient method such as air pressure test
under water, in the case of honpressurized tubing. It may be helpful to establish a new resonant
frequency and continue cycling for a short time to open the fractures still further.

NOTE.: A slight shift in resonant frequency is normal, therefore failure is defined as a 10%
reduction in resonant frequency.

4.1.6 Optional Automatic Control: A piezoelectric accelerometer may be utilized in conjunction with a
control circuit in order to provide automatic resonant frequency tracking, amplitude control, and
autornatic shut-down when a failure has occurred. The addition of this equipment will not basically
alter the equipment and procedure described above. The schematic of this system is shown in
Figure 3.
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