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Flexure Testing of Hydraulic Tubing Joints and Fittings

RATIONALE

ARP1185B has been reaffirmed to comply with the SAE five-year review policy.

1. SCOPE:

This SAE Aerospfce Recommended Practice (ARP) establishes flexure test procedures to determine
and classify the fatigue strengths of reconnectable or permanent hydraulic tube joints.

The procedure isintended for conducting flexure tests of fittings and joints for hydraulig tubing
materials such ag§ AMS 5561 (21Cr-6Ni-9Mn) steel or AMS 4844 (3AL-2.5V) titanium.

A mean stress is gpplied by holding system pressure in the specimens and flexing in a fotary or planar
bending test machine.

2. APPLICABLE DQCUMENTS:

The following pul]lications form a part of this specification to the extent specified hereip. The latest
issue of all SAE Technical Reports shall apply.

2.1 SAE Publications:

Available from $AE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

AMS 4944 Titanium Alloy Tubing Seamless, Hydraulic 3Al-2.5V, Cold Workied, Stress
Relieved

AMS 5561 SteelJubing, Seamless or Welded, Corrosion Resistant 21Cr-6Ni-9Mn, High
Pressure Hydraulic

ARP1258 Qualification of Hydraulic Tube Joints to Specified Flexure Fatigue

Requirements

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. To provide feedback
Tel:  +1724-776-4970 (outside USA) on this Technical Report, please visit
Fax: ~ 724-776-0790 http://www.sae.org/technical/standards/ARP1185B
Email: CustomerService@sae.org

SAE WEB ADDRESS: http://www.sae.org
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2.2 Military Publications:

3. REQUIREMENT

3.1

3.2

Available from

Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue,

Philadelphia, PA 19111-5094.

MIL-H-5606
MIL-T-6845

MIL-F-18280
MIL-H-83282

Hydraulic Fluid, Petroleum Base, Aircraft and Ordnance

Tubing, Steel, Corrosion Resistant, (304) Aerospace Hydraulic System, 1/8
Hard Condlition

Fittings, Flareless Tube, Fluid Connection

Hydraulic Fluid, Fire Resistant Synthetic Hydrocarbon Base, Aircraft
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3.3 Specimen Length and Deflection Requirements:

3.3.1

3.3.2

3.3.3

3.4 Method of Cla

Fitting/tubing ac clas
above which all S;‘N fallure data pomts I|e Charactenstlc curves should be establlshed per 4.2
showing cycles to failure for various bending stress levels.

Specimen Length: The length "L" of the specimens for rotary flexure testing shall be per Table 1
and measured as shown in Figures 1 or 3, depending on the fitling design.

TABLE 1 - Test Specimen Length

Tube Size

Length, Maximum
"A* Inches

Length, Maximum
“L" {Inches}
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FIGURE 4 - S/N Curves for Characterizing Various Types of Tubing or Fittihg Joints
3.5 Method of Determining Deflection/Fatigue Strength:

Cycles to failure should be plotted as shown in Figure 5, showing cycles to failure fpr various
deflection settings (deflection settings may correspond with bending stress levels used per 3.4).

NOTE: Plotting of deflection in lieu of stress over cycles may be of interest to evalyate rigidity of
fittingg or compare the flexibility of different tubing materials such as corrosipn-resistant steel
and titanium.

4. PROCEDURE:

4.1 Preparation fof Test:

41.1 Instrumentaﬂon, Strain Gages. Strain gages should be mounted on each test spefimen. The strain
gage type andilocation should be as follows in Table 2:

TABLE 2 - Type

Tube Size Grid Width Grid Length
3/16 .082 125
1/4 thru 5/8 .125 .125 or 250

11/16 and Targer .1a8 .250
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DEFLECTION,
1] \

\

103 108 105 108 107
CYCLES TO FAILURE, N ——————»
Note: The corrslation between the strain gage readingand defiection may vary for diff
fitting designs. For example, a flaredess fitting will sh ow some mavement in the :i:\ng,
whereas a weld joint will be rigid. Also, a significant difference is noted if the /N 4od
D/N curves are compared for different tubinvg such as titanium and CRES. Figures §
and 5 will be revised to reflect actual data when such dats become available.

FIGURE 5 - D/N Curve, Deflection/Fatigue Determination

41.1.1 Location: [For rotary flexure the gages should be mounted per Figure 1, 90° apart. For planar
flexure the|gages should be mounted in the plane of maximum strain, and, as g minimum, one
gage per specimen.

NOTE: Mounting of twa.gages, 180° apart or mounting of four gages, in pairs gn the X and Y
ax|s, for rotary; and two gages for planar flexure testing is optional.

4.1.2 Rotary Flexyre Test Setup, Centering: The exact outside diameter and wall thickhess of the test
specimen should be measured and recorded before the test. It is also recommenfed to check
straightness, and if not straight, to reject or at least to mark the specimen in the plane where the
tube end is not aligned.

The tube assembly should be installed into the tailstock and the separable fittings hand tightened
to permit subsequent adjustments. The setup procedure is detailed as follows:
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4.1.2.1 Free-State microstrain readings should be measured and recorded.

4.1.2.2 The self-aligning bearing at the headstock end should be roughly centered and the adapter
inserted. The tailstock end should then be carefully tightened so as to aveid moving the test
specimen out of line.

4.1.2.3 The symmetry of the specimen should be maintained during the tightening procedure with the
assistance of one, preferably two, dial indicators positioned on the driven end of the tube. After
tightening the adjustment bolts in the centered position, the symmetry must be checked in the
horizontal and vertical positions. While turning the headstock by hand, each dial indicator should
indicate less than +0.003 in nonsymmetrical deflection.

For strain J;aged specimens, the microstrain reading should deviate no moté th
microstrain from the free state microstrain reading referred to above.

4.1.2.4 Foreach checking, the headstock shaft may be moved back and fofth in its beg
will move freely for properly aligned specimens.

4.1.3 Flexure Stre

at full test re

test specified value. Some readjustment is usually.hecessary.

4.1.4 Flexure Defl
Figure 1.

415 Operating P
completed b

4.2 S/N Testing:
4.21 Four sets of

and the test
Figure 4.

yolutions per minute) recorded. This readifg should be within £10 mi

bction Measurement: The deflection setting is measured by dial indig

essure: The static operating pressure is introduced after the deflect
y the strain gage or dial-indicator methods described.

fwo specimens (specimen pairs) in each size should be subjected to
Fesults_plotted on a semi-log plot, over a grid of S/N characteristic cur

hn +20

ring. The shaft

5s Measurement: After the specimen is zeroed 45 described, the headstock should be
initially adjudted to produce a strain gage reading about 5% below the required b
value. The mpachine should be briefly turned on and the dyhamic reading (i.e., str

ending stress
hin gage reading
crostrain of the

ator as shown in

on settings are

flexure testing
ves, as shown in

4.2.2 For high-str
bending stre
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ss of 35 000 psi should be applied to the first set of specimens.

100 000 psi), a

For low-strength tubing (aluminum) a bending stress of 20 000 psi should be applied to the first set
of test specimens.
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4.2.3 If the failure point for the first set lies between 5000 and 50 000 cycles, the bending stress should
be reduced by approximately 10 000 psi for the second test set.

4.2.4 If the failure point for the second set lies between 200 000 and 1 million cycles, the bending stress
should be lowered by approximately 2000 psi for the third set.

4.25 After two sets of data points are plotted, an examination of the data will indicate the probable stress
level for test sets number three and four. These levels should be selected to complete the S/N
curve form, with one test set completing or exceeding 10 million flexure cycles. At least three sets
should fail at less than 10 million cycles. In some cases, additional test sets may be required to
obtain the required data points, i.e., one set exceeding 10 million and three sets to fail under 10
million cycles.

NOTE: Afterl a failure, deflection and B-nut torque should be checked and'tecorded.
4.3 Deflection/Fatigue Testing:

The same basjc procedure should be followed as outlined in 4.2-except that the dgflection settings
are plotted over cycles to failure, as shown in Figure 5.

4.4 Minimum Enddirance Stress Level Method:
When specifief, fittings may be qualified per ARP1258 by the minimum stress method. In this
procedure, six[test specimens of the straight configuration in each size are tested gt the required
endurance st:Iss. All samples must complete 107X 10° cycles without failure. Failunes attributable to
tube defects may be replaced with new samples.

5. FORMULA:

See Figure 1.

5.1 Total Combined Stress (see Equation 1):

Pd?
S emax) B} +——— (Eg. 1)
do’dj
where:

S = Maximum apparent total axial stress
emax = Maximum measured axial unit bending strain
E = Modulus of elasticity for the tube material
P = Internal pressure
d, = Tube outside diameter

d; = Tube inside diameter
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5.2

6. EQUIPMENT:

6.1

Deflection (see Equation 2):

The deflection of the flexure test specimen is predictable by the cantilever beam formula.

5 Po)?
SEI (Eq.2)
where:
Do = Deflection of load point, single amplitude
P =load,Ib
E = Modulus of elasticity of tube
I = Moment of inertia of tube
Lo = Distance from load peint to seal face of test fitting - see Figure 1

For plotting deflections, the double amplitude value is used. Per AIR1418, the deflgction at length L
is required. Thiis deflection can be measured directly by using a dial indicator positibned within 0.25
in maximum of the adaptor fitting (location L, in Figure 1) or can bg calculated using Equation 3.

2
D_ D0L2
Lo (Eq.3)
where:

D = Double ampltiude deflection at L
L = Length per Figure 1
Lo = Assembly length to point of measurement
Do = Measured double amplitude"deflection at Lo

Suggested Tes$t Fixtures:

Photographs gf suggested fixtures are shown in Figures 6 through 10.

NOTE: The testfixture described by the detail drawings is suitable for high-pressure line sizes up to
0.625 rrrandmdn—ta i i i # i i eved adjustability

as shown in Figure 7.

PREPARED BY SAE SUBCOMMITTEE G-3B, AEROSPACE FITTINGS
OF COMMITTEE G-3, AEROSPACE COUPLINGS, FITTINGS, HOSE AND TUBING ASSEMBLIES
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FIGURE 6 - Example of Possible Flexure Stand for Tube Sizes to 0.625 in
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FIGURE 7 - Example of Possible Heavy Duty Machine for Tube Sizes 0.750 in and Larger
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