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Foreword

ISO (the Inte
bodies (ISO
through ISO

rnational Organization for Standardization) is a worldwide federation of national standards
member bodies). The work of preparing International Standards is normally carried out
technical committees. Each member body interested in a subject for which a technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedy

described i
different ty
editorial ru

Attention is

- tHS€6 O—6GEYVE1OP b GO CHTEH a11o hose—trtended v, i v e "3‘ efratreée are
the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor the

bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may'bé the subjéct of

patent rightss. ISO shall not be held responsible for identifying any or all such patént-rights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or

on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not

constitute ah endorsement.

For an exp
assessment,

Barriers to Trade (TBT) see the following URL: Foreword - Supplementary information.

The commit

SC 4, Aerosppce fastener systems.

anation on the meaning of ISO specific terms and\expressions related to conformity
as well as information about ISO’s adherence to*the WTO principles in the Technical

tee responsible for this document is ISO/TC-20, Aircraft and space vehicles, Subcomnittee
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INTERNATIONAL STANDARD

ISO 16130:2015(E)

Aerospace series — Dynamic testing of the locking
behaviour of bolted connections under transverse loading
conditions (vibration test)

1 Scope

This
conn
and i

As t
Inten

International Standard applies to the dynamic testing of the locking behavioy
ections in order to investigate the self-loosening behaviour of fasteners for aerospace
s mainly intended for development work.

est apparatuses are different (e.g. stiffness distribution), testing innaécordanc
national Standard, therefore, does not allow an absolute statement to(be made on

behaviour of bolted assemblies under service loads.

Thus

, the objective of this test is a comparative evaluation of locking elements under

condjitions.

2 Normative references

The
indig

following documents, in whole or in part, are nopmatively referenced in this docunj
pensable for its application. For dated referen¢es, only the edition cited applies. |

r of bolted
applications

b with this
the locking

defined test

ent and are
For undated

referfences, the latest edition of the referenced document (including any amendments) applies.
ISO 16047, Fasteners — Torque/clamp force testing
3 Terms and definitions
For the purposes of this document; the terms and definitions given in ISO 16047 and the follpwing apply.
3.1
clanip force
F
axialltension acting on-the bolt shank or compression acting on the clamped member
[SOURCE: ISO 16047:2005, 3.1; modified — without restriction “during tightening”]
3.2
ultimate clamp force
Fu
theotetical maximum r‘]nmp force under combined stress condition pnfpnfin”y indiiced before
bolt/nut failure
[SOURCE: ISO 16047:2005, 3.3, modified]
3.3
initial clamp force
Fum
clamp force after tightening of test specimen before test
3.4
relative clamp force loss
Y
F
Y=1-— [*100%
Fy
© IS0 2015 - All rights reserved 1
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number of load cycles

N

number of transverse movements of the glider plate of the apparatus

3.6

pitch diameter

D>
d2
diameter of

the pitch cylinder or pitch cone

[SOURCE: I§
3.7

daf: ol akla 4 £ atla 4 ey |
y IIITUUITICTU VVILIITUUL T CTITTICIILT, VWiltlluut llULCJ

minor diameter

diameter of
and/or to th

[SOURCE: IS

3.8
tightening
T

overall torq

[SOURCE: I§

3.9

self-locking
prevailing {
torque to be
part, the asg
the bolt (tw

[SOURCE: IS

3.10
transverse
ts

an imaginary cylindrical or conical surface tangent to the roots(of an external th
e crests of an internal thread

0 5408:2009, 5.3, modified — without references, without netes]

forque

1e applied on nut or bolt head in tightening

0 16047:2005, 3.4, modified — without substitutes]

 torque

forque

applied to the nut or bolt to maintain its movement of rotation in relation to the assoc
embly being under no axial load, and the nut-locking system being completely engaged
h pitches minimum protrusion; including the end chamfer)

0 5858:1999, 3.15]

displacement

transverse movement gfthe glider plate in both directions from fastener centre line

Note 1 to ent

Fy: It is eXpressed in millimetres.

read

jated
with

4 Testp

imcipte

The fasteners under test are tightened in a vibration testing machine to achieve a defined clamp force,
F\, and then subjected to dynamic transverse loading. No additional axial operating force is applied to

the fastener

The change

S.

in clamp force during the vibration test is measured.

The test terminates after a specified number of load cycles or upon fracture of the bolt, stabilization of
residual clamp force, or upon complete loss of clamp force.

© ISO 2015 - All rights reserved
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5 Apparatus

5.1 Schematic overview of components

See Figure 1.

ISO 16130:2015(E)

—

Clamp force sensor

Vibration

—>| Transverse force sensor

Evaluation unit
and data

NOTH

. 1
CCSTITE TITACIITe

—>| Displacement sensor

Input drive

|

Load cycle sensor

[ O

Transverse force sensor is optional.

1. N
TCCOTUIIG UCVICT

(e.g. PC)

Figure 1 — Schematic overyiew of components

5.2 | Test machine description

The machine (see Figure 2 for an example of-a vibration testing machine) essentially cons
motdr drive or a hydraulic drive generatjnga transverse displacement in the test fixture.

The test fixture consists of a stationary base and a floating glider plate which acts as clamp
in the bolted joint in which the fastener to be tested is installed. The glider plate contains a
immpbilized washer (test washer). The stationary base accommodates a clamp forcg
meaguring the clamp force BetWeen the glider plate and the stationary base. In the force-s
insentis used thatitislockedto prevent it from rotating. The relative movement between th

baseland the glider plateids measured with a displacement sensor.

ists of e.g. a

ed members
rotationally
b-sensor for
ensor, a test
e stationary

© ISO 2015 - All rights reserved
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Key

1
2
3
4

5.3

infinitelyf adjustable eccentric 5/6 fastener test assembly

connecti
transver
connecti

Appa

hg rod 7  displacement sensor
be force sensor (optional) 8 clamp force sensor (axial)
hg plate

Figure 2 — Example of a vibration testing machine

ratus requirements

The apparatjus shall meet the following requirements.

a)

b)

f)

g)

h)

6

The rel

shall bd

In the t

htive movement (transverse displacement) between the stationary base and glider

moveménts of up to +1,5 mm between the stationary base and the glider plate.

Testing
shall be

Measur
measur

frequency between 10 Hz and 15:Hz shall be possible; the frequency during the te
at an accuracy of 3 %.

ng chain consisting of{sensor, cable, charge amplifier, and data acquisition device

entire measuring chain shallbe-calibrated accordingly.

Measur

bment uncertaingy.for the transverse displacement shall be within +3 % as measured o

plate

infinitely variable, preferably during operation and adjusted through electronic conptrol.
hread diameter range up to 25,4 mm, the~¢lamped-up testing facility shall permit relative

sting

bment uncertainty for the~clamp force shall be within *2 % as measured on the entire

The

in the

entire rheasuring chain)consisting of sensor, cable, charge amplifier, and data acquisition dgvice.

The ent

The sta
transve

The foll

re measuring chain shall be calibrated accordingly.

fionary-base and the glider plate shall be concentric within #0,1 mm at the mid-positi
rse displacement.

hwing variablesareto be measured and recorded- initial r]zmp force r‘lnmp force in rel

on of

htion

to number of load cycles, test frequency, transverse displacement plus the applied installation
torque values.

The glider plate shall be precisely guided in the transverse direction within a tolerance of £0,10 mm
of lateral movement.

The stationary base and the glider plate shall be designed such that the clamp force cannot
bend them. The gap between the stationary base and glider plate at fastener position shall be

1 mm+

0,05 mm under load.

Test procedure

The test procedure consists of two elements; the reference test and the verification test.

4

© ISO 2015 - All rights reserved
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The reference tests are to be carried out on an unsecured bolted joint, assembled in the same way, and
with the same parameters as specified for the verification tests that will determine the securing effect
of the securing element under test.

During the reference tests, the effective transverse displacement is varied through corresponding
adjustments to the drive for the test equipment (the stroke). For reasons of reproducibility, the
transverse displacement at which the pre-stressing force is fully lost after 300 + 100 load cycles shall
be ascertained three times, using new parts each time. This transverse displacement provides the basis

fort

he verification tests.

For reasons of reproducibility, a valid reference test shall be carried out three times, using new parts

h 3 TL. 1 £3 3 4 + L o Lo a | H +lo datas < . +lo £
eaC LIIIIC,. TTIT VUTITICAUIUIT LUOo L IIdo LU UU UUTIUT 11T UIIT 54d111IC CUITIUILIVUIT dITU OCLLIIISD do LIIT 1I'CT

The
isin
cont
(see

If lo

plider plate is positioned to zero transverse displacement. The fasteners to be tested

jnuously during the vibration test. The clamp force is recorded versus thenumber o
Figure 3). The test is carried out at room temperature.

¢king element is not damaged after test, it can be tested multiple times to validate

behaviour at multiple installation cycles, if required by test requester.

7

Self-
tran
ts =

L

[est settings

ocking elements (e.g. nut, washer, split pin, lock wire; etc.) shall be tested typic
verse displacement ts = +0,5 mm for fastener dimensions up to and including M12
0,8 mm for fastener dimensions above M12/0,500” and at a frequency of 12,5 Hz 4

clamp force specified in Table 1 and Table 2 (represehting 75 % of calculated F). Clamp fo}

adju
The

sted to the weakest element of the assembly either bolt or nut strength class.

length to diameter ratio shall be as short-aspossible and preferably around 2,0 to 2,5.

Diffefrent test settings could be defined by test requester.

To adhieve reproducible results, the folowing factors need to be defined unambiguously:

a)
b)
‘)
d)

initial clamp force (see examples Table 1 and Table 2);

tlesting frequency;
¢ffective transverse-displacement;

ddjustment of the test fixture to the fastener length.

prence test.

(bolt or nut)

gerted and tightened to the defined clamp force. The effective transverse displacement is verified

F load cycles

self-locking

ally with a
0.500” and
nd with the
ce has to be

© ISO 2015 - All rights reserved
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For other diameter and/or strength classes, use Formula 2 for tensile stress area:

2
d
Fu=£d32 2-| =2 xStrength level (2)
4 d,

where

dy isthe mean pitch diameter, in mm;

d3 istliemean root (minor) diameter, In mm;
Fy is tIe ultimate clamp force, in N.

NOTE1 Rgsulting values to be rounded off.

NOTE 2  Stirength level (in MPa) = strength class.

NOTE 3  V3lues in Table 1 and Table 2 were calculated with mean values for d; and dz;

8 Evaluation

The locking|behaviour during the vibration test is characterized by the clamp force versus number of
load cycles profile.

The way th¢ test is evaluated shall be specified on a casesby-case basis. For evaluation examplg, see
Table 3.

In practice, ainy of the following three options are used:
a) determination of the number of load cycles at-time of complete loss of clamp force;

NOTE The loss of clamp force is often _generated during only a few load cycles. So it is statistjically
difficultito determine the exact reproducible residual clamp force for a certain number of load cycles.

b) determination of the residual clamp force following a defined number of load cycles;
c) determjnation of the numbet of load cycles completed until fatigue fracture of the bolt.

Figure 3 shqws the visualization of different test results.

8 © IS0 2015 - All rights reserved
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