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FLEXURE TESTING OF HYDRAULIC TUBING JOINTS AND FITTINGS

SCOPE :

to determing

‘Thisg_ ! Py i establishes flexure test procedures
and classify the fatigue strengths of reconnectable oY permanent

hydraulic tybe joints.

The proceduye is intended for conducting flexure tests of fittings

for hydrauli
or AMS 4944

A mean streis is applied by holding system pressure\in the specimeps and

flexing in

c tubing»materials such as AM 350, AMS 5561 (21Cr-6Ni-9PMn) steel,
(3A1-2.5V) titanium.

rotary or planar bending test machineS

Flexure testing of metric tubing joints and fittings is covered by

APPLICABLE DHOCUMENTS:

MA 2003
AMS 5561

MIL~-H-5606
MIL-T-6845

MIL-F~-18280
ARP 1258

AM 350

AMS 4944

Rotary Flexure Testing of Hydraulic Tubing Joints an

Steel Tubing, Seamlessvor Welded, Corrosion Resistan
21Cr-6Ni-9Mn, High,Pressure Hydraulic

Hydraulic Fluid, (Petroleum Base, Aircraft and Ordnan

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

Fittings, Flareless Tube, Fluid Connection

Qualification of Hydraulic Tube Joints to Specified

Fatigue ‘Requirements

Corrdsion Resistant Steel Tubing-Company specificati
available

Titanium Alloy Tubing Seamless, Hydraulic 3Al-2.5V,
Worked, Stress Relieved

and joints

MA 2003.

i Fittings

I
0]

' lexure

DS

Cold

REQUIREMENTS :

Flexure Test Device:

tees.
Figure 1.

The test device should be capable of testing in-~line or
bulkhead union test specimens and other configurations such as elbows and

The rotary flexure test device should be similar to that shown in
Each rotary flexure test device should be capable of testing one
specimen, but several specimens may be tested in parallel at one time.

SAE Technical Board rules provide that: *'All technical reports, including standards approved and practices recom-
mended, are advisory only. Their use by anyone engaged in industry or trade or their use by governmental agencies
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com-
mitment to conform to or be guided by any technical report. In formulating and approving technical reports, the
Board and its Committees will not investigate or consider patents which may apply to the subject matter. Prospec-
tive users of the report are responsible for protecting themselves against liability for infringement of patents.”

Copyright 1981 Society of Automotive Engineers, Inc.
Ali rights reserved

Printed in U.S.A.
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3.1

(Continued)

The device should be capable of maintaining constant pressures of up to
5000 psi (34.47 MPa) in the test specimen. The hydraulic fluid may be a
system fluid such as MIL-~H~5606 or the phosphate ester fluids used in
commercial jet airplanes. A typical pressurization and automatic shutdown
system is shown in Figure 2. The shutdown should be automatic in the event
of failure or pressure drop. The device should be capable of testing at
controlled constant temperature, if specified by the procuring agency. The
tailstock of the test device should be designed to permit alignment during
initlal installation and specimen mounting, and to serve as|a pressure
manifold. The rotating headstock should have a low-friction, self-aligning
bearing and should be designed to permit total deflections ¢f up to one inch
(25.4 mm), and a constant rotational frequency within ‘the range of 1500 to
3600 |rpm (i.e 1500 to 8400 cycles per minute for planar flegxure). The base
should be of rigid construction. Design suggestions are shpwn in Section 6.

Flexyiral Test Specimen: The test specimen should consist of an adapter
fitting (headstock end), a section of straight tubing, and test fitting at
the tailstock end. Typical test specimens'are shown in Fig@ire 3. The
tubing shall be of a size and wall thickness as specified by the user or
prociiring agency.
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ADJUSTMENT FOR TAIL STOCK
DEFLECTION TEST LENGTH, L —e=f ’
SELF-ALIGNING
. BEARING ’
1/4 MAX 3/16 +1/32
s B et e —
S.cm&LMABJV_SIBALN GAGES
— ___L‘ ] -
| I 18 S O I AP Sl {[d= =1 _HypRAuLic
i " C 1 T PRESSURE
_ X LDEFLECTION, D Vs
N\ ADAPTER TEST JOINT (SPECIMEN
- FITTING i SEPARABLE JOINT)
b e
7N . TAILSTOCK ALIGNMENT=} .
=l soLT —
; DIAL INDICATOR, M [
ALTERNATE FOR STRAIN'GAGE I
HEADSTOCK | (HORIZONTAL AND VERTICAL m
| ADJUSTMENT) il
1 i i i
v y e % /
FIGURE 1 - ROTARY FLEXURESTEST SCHEMATIC
ASHCROFT LAB TEST GAGE, 0-5001 PSI (0~34,48MPa)
Nsr () ASHCROFT LAB TEST GAGE, 0-200 PSI (0~13.79¥Pa)
TAILSTOCK AILSTOCK HOKE NEEDLE VALVE, 1/4
: O MICROSWITCH, 110-120 V, 60 CYCLE
(TO STOP MOTOR AND CYCLE COUNTER)
g EQUIVALENTS FOR THE LISTED
R (039} o COMPONENTS MAY BE USED
. 1/4 X 0.020,
= MH-T-6045 -
P S AN RN b d PRl T e ok 0, IS oo il X

°°°°°

ACTUATOR 2:1 RATIO 3 /PARKER 10C1 ACCUMULATOR
NITROGEN — A2A0010A 3000 PSI (20.68 MPa)
PRESSURE

FIGURE 2 - ROTARY FLEXURE TEST HYDRAULIC SCHEMATIC
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CYCLES TO FAILURE,N ——rr-B>

FIGURE 4 - S/N CURVES FOR CHARACTERIZING VARIOUS
TYPES OF TUBING OR FITFING JOINTS

DEFLECTION,
D

103

104 108 106

7
10
CYCLES TO FAILURE,N ——i

FIGURE 5 - D/N CURVE, DEFLECTION/FATIGUE DETERMINATION

Note:

The correlation between the strain gage reading and deflection may vary for different
fitting designs. For example, a flareless fitting will sh ow some movement in the fitting,
whereas a weld joint will be rigid. Also, a significant difference is noted if the S/N and
D/N curves are compared for different tubing such as titanium and CRES. Figures 4
and 5 will be revised to reflect actual data when such data become available.
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3.3

Specimen Length and Deflection Requirements:

3.3.1 Specimen Length:

The length "L" of the specimens for rotary flexure

testing shall be per Table I and measured as shown in Figures 1 or 3,
depending on the fitting design.

TABLE I - TEST SPECIMEN LENGTH

~ind

Methog

sho
equ
dia
of
is
Def]
ind
def

det
con

example, to compare-steel and titanium tubing.

uld always be used unless continual useglof the same sps
ipment makes settings by dial indicato¥ acceptable. 8y
1 indicator, however, must be established in prior test
strain gages. Strain gages should be used whenever ney
used or new tubing materials or tubing walls tested.

lection: The specimen deflegtions required to induce 4
icated in 4.2, or as specified in ARP 1258, are measureg
icator at the length "L"\&s shown in Figure 1 or 3. Eg
lection settings per.Table I and ARP 1258 may be used i
ermination by straim ,gage whenever qualification tests
ducted, or when deflection plotting is of particular iy

d of Classification of Fittings According to S/N Flexuf

TUBE SIZE -4 -5 -6 -8 ~10 -12 -16 -20 -24
LENGTH "L" (INCHES) 6 7 "7.5 9 10 11.5 12.5 14 15
LENGTH "L"| (MM) 152.4 177.8 190.5 228.6 254 292.1 317.3 355.6 381
3.3.2 Stress Determination: The desired strain or bending’stregs level for each

setl of specimens is induced by deflection of the specimen [in the
hegdstock. The bending stress lévels for the various deflection settings
and combined stresses due to bending and pressukre should he determined
usilng strain gages and procedures as outlined in Section 4. Strain gages

cimens and

ch settings by
ing by the use
 test equipment

he stress levels
d by dial
tablished

n lieu of stress
are being
terest, for

e Performance:

Fitti

ng/tubing)combinations should be classified by .the chay
s as shown in Figqure 4, above which all S/N failure daf

acteristic
a points lie.
| cycles to

Note:
interest

Plotting of deflection in lieu of stress over cycles

o failure should

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

may be of

to evaluate rigidity of fittings or compare the flexibility of
different tubing materials such as corrosion-resistant steel and

titanium.

~~
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4.

PROCEDURE:

ARP1

185A

4.1 Preparation for Test:

4.1.1

Instrume

test spe

Types -

ntation, Strain Gageé: Strain gages should be mounted on each
cimen. The strain gage type and location should be as follows:
For tube sizes through -10: 1/8 inch (3.175 mm) gage

For tube sizes ~12 and above:

1/4 inch (6.35 mm) gage

Location

‘Note:

Suitable

Rotary ¥

- In rotary flexure the gages should be mounted per, Fi
90° apart. In planar flexure the gages should bg.-mg
in the plane of maximum strain, and, as a minimum, ©
per specimen.

Mounting of four gages, in pairs on the X and Y axis,
and of two gages for planar flexure testings is option

gages are suggested in Section 6.

lexure Test Setup, Centering: The,exact outside diamef

thicknedgs of the test specimen should be\measured and recorded

test. 1
to rejed
is not a

The tubd
fittingsg
procedun

Free-sta
The self

and the
tightene

t is also recommended to checkistraightness, and if nof
t or at least to mark the speéc¢imen in the plane where 4t
ligned.

assembly should be installed into the tailstock and th
hand tightened to (permit subsequent adjustments. The
e is detailed as follows:

te microstrain-readings should be measured and recorded
~aligning)bearing at the headstock end should be roughl

adapte¥ inserted. The tailstock end should then be caj
d so gs to avoid moving the test specimen out of line.

The symno

etry of the specimen should be maintained during the tij

gure 1,
unted
ne gage

for rotary,
al.

er and wall

before the
straight,

he tube end

e separable

setup

y centered

efully

ghtening

procedure with the assistance of one, preferably two, dial ind)
positioned on the driven end of the tube.

Llcators
After tightening the adjustmeéent

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 ip.003 inch (0.076 mm)

nonsymmetrical deflection.

For strain gaged specimens the microstrain

reading should deviate no more than +20 microstrain from the free state
microstrain reading referred to above.

For easy checking the headstock shaft may be moved back and forth in its
The shaft will move freely for properly aligned specimens.

bearing.



https://saenorm.com/api/?name=530ac87f6ab0706ca97e9e70b9333b14

ARP11

85A |

4.1.3 Fle

xure Deflection Measurement:

dia

4.1.4 Ope

1 indicator as shown in Figure 1 and Table I.

rating Pressure:

The deflection setting is measured by

The static operating pressure is introduced after the

deflection settings are completed by the strain gage or dial indicator

met

4.2 g/N T

pl

For]

strength over 100,000 psi (689.50 MPa), a bending, stress

(24

For
(13

If
cyd
(68

if
cyo
(13

AfY
ind
Thd
ted
thi
add
ieg
cyd

,suﬁEected to flexure testing and the test results plotted
, over a grid of S/N characteristic curves, as showmn 4]

hods described above.

esting:

Four sets of two specimens (specimen pairs) in each size should be

1.32 MPa) should be applied to the first setiof specim

.95 MPa) for the second test seét.

.79 MPa) for the third set.

er two sets of data points are plotted, an examination
icate the probable stress level for test sets number th
se levels should be selected to complete the S/N curve
ce sets should fail at less than 10 million cycles. I

., one\fet exceeding 10 million and three sets to fail
les.

low-strength tubing (aluminum) a bending)'stress of 20,
7.90 M Pa) should be applied to the fixst set of test gpecimens.

the failure point for the first set“lies between 5000 g
les, the bending stress should bé reduced by approximat

the failure point for the second set lies between 200,0
les, the bending stress ‘should be lowered by approximaf

t set completing or exceeding 10 million flexure cyclesg.

on a semi-log
n Figure 4.

35,000 psi
S'

high~strength tubing (défined here as having an ultima;e tensile
£

000 psi

nd 50,000
ely 10,000 psi

00 and 1 million
ely 2000 psi

of the data will

ree and four.

form, with one
At least

some cases,

itionak test sets may be required to obtain the requirgd data points,

under 10 million

Notle s After a failure,—deflection and B=nut torgue should

4.3 Defle

and recorded.

ction/Fatigue Testing:‘

be checked

The same basic procedure should be followed as

outlined under 4.2 above, except that the deflectiog settings are plotted

ovexr

cycles to failure, as shown in Figure 5.

VN

TN
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