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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO 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.
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Introduction

Vibration testing is one of the most important test items of space systems. The primary goals of

vibration testing are to verify the design and to detect manufacturing issues of spacecraft,

subsystems

and units that could result in in-flight failures. In design, material selection, manufacture, assembly and

integration phase, the test aims on exposing defects and non-conformances existing and
potential quality problems. With regard to the launch phase, it also serves to prevent struc

eliminating
tural failure

of a space system, loosening of fasteners and connectors, failure of electronic components, leakage of

sealing elements or malfunction of mechanical system.

the 1990s, at the Jet Propulsion Laboratory, Mr. Terry Scharton elaborated the methpedol
notching for qualification of satellites and spacecraft to mitigate unnecessary over-t€sting
several attempts have been made to establish this methodology for a broader range of appl
docujment includes the methodology of force-based testing.

pecimen. In
ogy of force
. Since then,
cation. This
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Space systems — Vibration testing

IMPORTANT — The electronic file of this document contains colours which are considered to be
useful for the correct understanding of the document. Users should therefore consider printing
this document using a colour printer.

1 Scope

This|document provides guidance and requirements for test providers and interestetll parties to
impleément vibration testing.

This|document specifies methods, including the force limiting approach, to mitigate unnecpssary over-
testipg of spacecraft, subsystems and units for space application.

The technical requirements in this document can be tailored to meet the @ctual test objectiyves.

2 Normative references

The following documents are referred to in the text in such/a”way that some or all of their content
consfitute requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 15864:2021, Space systems — General test methods for space craft, subsystems and units

[SO 19924:2017, Space systems — Acoustic testing

3 Terms and definitions
For the purposes of this document, the’following terms and definitions apply.
[SO dnd IEC maintain terminological databases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropediazavailable at https://www.electropedia.org/

3.1
notching
reduftion of'the input level or spectrum in a vibration testing to limit structural responseq at resonant
frequienciés-according to qualification or acceptance loads to avoid over-testing.

3.2
response limited vibration testing

reduction of input acceleration in a vibration testing to maintain the measured response at or below a
specified value

3.3

force limited vibration testing

reduction of reaction force in a vibration testing to specified values, which are usually the interface
forces predicted for flight, plus a desired margin.

34
statistical DOF
number of independent variables in a statistical estimate of a probability

Note 1 to entry: The number of degrees of freedom determines the statistical accuracy of an estimate.

© IS0 2021 - All rights reserved 1
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[SOURCE: ISO 2041:2018, 3.5.16, modified — The term has been changed from "statistical degrees of

freedom" to

"statistical DOF".]

4 Abbreviated terms

For the purposes of this document, the abbreviated terms described in Table 1 apply.

Table 1 — Abbreviated terms

5 Gener
Vibration te

Sinusoidal ¥
combustion
equipment.
resonant res

Random vi
of the laun
band vibrat
acoustic tes
testing is pe
does not pr
test. To takd

vibratio

whethe

whethe

oh

DOF degree of freedom

FEA finite element analysis

FLV force limited vibration

FLVT force limited vibration test

FMD force measurement device

FRF frequency response function
POGO propulsion generated oscillations
PSD power spectral density

RMS root mean square

TDFS two-degree of freedom system

al

sting is distinguished between sinusoidal vibration testing and random vibration testij

ibration testing is intended to simulate thé vibration environment produce by uns

by coupling of structural resonant frequencies (POGO), by imbalances in rot
Sinusoidal vibration testing is also to simulate ground transportation and handling, d
ponses of tires and suspension systenis of the transporters.

ations are generated by the launcher engines and by acoustic and aerodynamic excit
vehicle and spacecraft faizing. During flight or ground transportation and handling, b
on environment is imposed on the spacecraft. ISO 15864 recommends either vibrati
fing, whichever is more\appropriate, with the other one left optional. Generally, if aco
rformed, random vibration may be skipped. For a small compact spacecraft, acoustic te
pvide adequate environmental simulation, and random vibration may replace the aco
this decision jtis-important to consider:

n testing do-ntot reach high frequency contents;
- the structure is sensitive to acoustic loads;

- the structure is sensitive to acoustic loads where the units are mounted.

ng.

table
ating
ue to

htion
road
bn or
ustic
sting
ustic

Information

for random vibration and acoustic test tailoring is provided in Annex A.

Conventional acceleration control during vibration testing may lead to the so-called over-testing
problem due to the difference of the interface impedance of the mounting structure and the shaker.
In order to overcome this problem, the force limited vibration (FLV) testing technique was developed.
In the FLV testing, in addition to the acceleration specification, the specification of the reaction force
between fixture and test specimen shall be defined. Using the FLV technique, both the acceleration
and force at the interface of test specimen and fixture are limited so that the vibration environment
characterizes the real situation more precisely.
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6 Test technical requirements

6.1

Test specification

0:2021(E)

The test specification shall meet the requirements of the respective launch vehicle user manual.

The test specification generally includes testing level, frequency range, test direction and test duration.
The duration of sinusoidal vibration testing is determined by the sweep rate and frequency range. The
duration of random vibration testing is expressed in seconds or minutes. The test directions usually
correspond with the three orthogonal axes, one of which is in accordance with the launch direction.

If FLYT will be applied, the test specifications shall be extended with the FLVT requirements.

Wheh needed to re-check workmanship by dynamic mechanical environmental test for)flight units that
havelundergone rework and that required random vibration testing at acceptange tést, the minimum
reteqting shall be random vibration testing at workmanship screening level.to be agreed with the

cust

rewdrked areas is determined, re-test excitation can be based just on that axis.

6.2
The

a)

b)

6.3

mer. However, if the most effective single axis of workmanship screening re-tesf

Tolerances

$inusoidal vibration

Frequency: -2 % to +2 % (or -1 Hz to +1 Hz, whichever is greater)
Acceleration amplitude: =10 % to +10 %

Random vibration

Acceleration spectral density (frequency resolution better than 10 Hz)
10 Hz to 100 Hz (analysis bandwidth 10 Hz or narrower): -3 dB to +3 dB
100 Hz to 1 000 Hz (analysis bandwidth is 10 % or narrower of the central frequency): -3
1 000 Hz to 2 000 Hz(analysis bandwidth 100 Hz or narrower): -3 dB to +3 dB
$tatistical DOF: detless than 100

Dverall grms:=10 % to +10 %

Test duration: -0 % to +10 %

Test control

for all the

tolerances shall be determined based on the design standard. If not specified otherwise, the
following test level tolerances can be used.

dBto+3 dB

6.3.1 Control strategy

6.3.1.1 General

The control strategy shall provide the required vibration at the required locations in or on the test
specimen. This depends on the kind of vibration to be generated and on the test specimen/shaker
interaction. Generally, a single strategy is appropriate (e.g. only acceleration input control strategy
is used). There are cases where multiple strategies are used simultaneously (e.g. acceleration input
control strategy and force limited vibration testing strategy are used simultaneously).

© IS0 2021 - All rights reserved
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6.3.1.2 Acceleration input control

Acceleration input control is the basic method of vibration testing. The control accelerometers shall
be mounted on the fixture at the test specimen mounting points. Shaker motion shall be controlled
with feedback from the control accelerometer(s) to provide defined vibration levels at the fixture/ test
specimen interface.

6.3.1.3 Notching

Notching is a general accepted practice in full-level vibration testing to avoid over-testing.
Implementation of notching shall be subject to customer approval and relevant to Launcher authority
approval. Refer to Annex B for an example of the notching calculate method. The following requirenhents

apply.

a) The for
desired

'e on the main structure shall not be higher than the design value of quasi-static'foad glus a

margin.

b) The vibration level shall not be less than the level of coupling analysis restilt-for the intefface

between spacecraft and launcher, unless agreed by the launcher authority.

ponse of key equipment fixed position shall not be higher than the equipment vibration

evel.

The res
testing

c)

6.3.1.4 Fdrce limited vibration testing

, the
uges
, the

mited vibration testing, the vibration level is defihed by acceleration. In addition
Ce between fixture and test specimen shall be measured and limited. Dynamic force g
l between the fixture and the test specimen.\If the force achieves the limited valug
on shall be controlled with feedback from thié force gages.

For force li
reaction for
are mounte
exciter motij

n the
ance
hting

Force limitil
shaker. The
of the test s
situation.

g is most useful for test specimens that.exhibit distinct, lightly damped resonances o
amount of relief available from force-limiting is greatest when the structural imped
becimen is equal to, or greater thahthat of the mounting structure in the actual mou

inch,
and
hrent
odis

The force lignit value shall be slightlydarger than the real reaction force of the interface during laf
plus the degired margin. Force limits Vvalue can be determined in several ways including simplg
complex TIDFS Method, semi-empirical method, FEA method, quasi-static-load method, app
masses env¢lope method and design/flight loads method. A non-exhaustive list of force limit meth
specified in|Annex C.

6.3.1.5 R¢

For respon;
vibration r¢

tsponse limited vibration testing

e limited vibration testing, the vibration level is defined by acceleration. In add
psponse limits at specific points on the test specimen shall be defined. Monit

acceleromet]

tion,
bring

ers’shall be located at these points. The test specimen shall be excited using control

boint

accelerometer signals to control the exciters. The control inputs shall be automatically modified as
needed to limit responses at the monitoring accelerometers to the predefined limits. This strategy is
used to avoid damage to the specific equipment or lower level assembly.

6.3.2 Control point

The control accelerometer(s) shall be mounted on the test fixture near the specimen attachment points.
For multiple-point control, an even distribution should be adopted. In case specific requirements
exist, the positions of the control points shall be determined accordingly. If more than one control
accelerometer is used, the test levels may be controlled by a control scheme either based on the
average response or on the response extremes. The control scheme shall be consistent with the test
requirement.
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Specimen configuration requirements

The specimen configuration shall be as described in ISO 15864:2021, 7.13.3 and 7.14.3.

6.5

Response measurement point

The test requirements shall specify the number, installation position and orientation, type and
measurement range of test sensors, as well as the processing modes and requirements for data
measurement. See more detailed requirements in 7.2.5.

6.6

Test success criteria

It is presupposed that an accomplished test is formally compliant with the contract requirements.

For t

— 4

For t

1
[(

7.1

A vi
meas

Figu
For H

force
resp

he test provider, if not specified otherwise, the following requirements shall apply.

A1l vibration testing shall be applied at the right test level.

The acquisition of test specimen vibration response data shall be cormiplete and valid.

he specimen provider, if not specified otherwise, the following réquirements shall app

The intended test purposes shall be achieved.
There shall be no visual damage to the test specimen.

The characteristic response curve (which includes the resonance frequencies and the a

atio) shall be the same before and after each full level vibration testing (see 8.2
onsideration of the specified tolerance bands:

The test specimen performance after the test shall be specified by the customer.

Test system

Test facility requirements

bration testing facility“includes a vibration excitation system, a vibration contrd
uring system andgauxiliary equipment. An example of a vibration testing facility
e 1.

LVT, dynamie-force gauges are mounted between the shaker/fixture and the test sp
at the interface is measured by the force gauges and is fed back to the control system t
bnse limiting.

y.

mplification
3 a)) under

1 system, a
is shown in

ecimen. The
b implement
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JANRVANANRVAN

7
4
5
Key
1  accelerance signal conditioner 7  shaker
2 testspedimen 8 data storageiand processing system
3 force sighal conditioner 9 data acguisition system
4 vibration} controller 10 meaSurement system
5 power amplifier 11, accelerometer
6  force mepsurement device (for FLV) 12~ force gauge

Figure 1 — Illustration.of a force limited testing system

The test facility, including all auxiliary equipment,

— shall prpvide the specified vibration environments,
— shall implement the required control strategies, and
— shall me¢et the specified tolerances.

Measurement transdugers, data recording and data reduction equipment capable of measyring,
recording, gnalysing,»and displaying data shall be sufficient to document the test and to acquir¢ any
additional dpta réguired.

The facility khall he maintained in regular intervals and shall be checked before test campaign
7.2 Equipment requirements

7.2.1 Shaker
The requirements of the shaker are as follows.

a) The shaker test facility shall fulfil the requirements of the test concerning power, dimension,
applicable forces and moments with a margin. The test requirements shall not be limited by the
shaker performance.

b) The static load capacity shall be greater than the sum of mass of the test specimen, moving part of
the shaker and the fixture. Flexible supports are necessary if this requirement cannot be met. The

6 © IS0 2021 - All rights reserved
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natural frequency of this supporting system shall be less than the lowest test frequency, and the
allowed displacement shall be no less than the required displacement.

c¢) The maximum displacement of shaker shall be greater than that required by the test conditions.

d) The shaker frequency range shall allow reaching the upper and lower limit frequencies specified in
the test conditions.

7.2.2 Fixture

The requirements for the test fixture are as follows.

a)
b)

c)

d)

e)

f)

7.2.3

7.2.3
In c3
utiliz
meaq

7.2.3

A for
lowe

The fixture stiffness-and-mass ratio shall be as large as possible.

he test frequency range.

f times “N” of the first natural frequency of the test specithén. The number of times

The fixture shall mate with the test specimen in the same way as the flight intérface dloes, so that
the interface load distribution is similar to that in flight.

The acceleration response of the interface between fixture and test specimen shall b¢ uniform in

The first natural frequency of the fixture shall be higher than the higher frequency of the vibration
esting. When this requirement cannot be met, the first natural frequency of the fixture is a number

“N” shall be

reater than 3 and agreed with the customer. Any additional notching or input levgl reduction

ause by the fixture shall comply with requirements of6.3.

force measurement device is used as test fixture in FLVT, requirements for a force measurement

evice are specified in 7.2.3.

Force measurement device((EMD)

.1 General

urement of the force at the interface between the test specimen and the shaker.

.2 Forcemmeasurement device design

ce measurement device consists of three parts: an upper-adapter, tri-axial force g
r-adapter. A sketch of a typical FMD is illustrated in Figure 2.

The vibration fixture configuration, and itsZinterfaces to the test specimen / vibratjon source /
ither ground support equipment, shall be‘defined, inspected, fit checked and proof| tested well
efore the vibration testing is carried out!

se a force limited vibration testing is performed, a force measurement device (FMID) shall be
ed instead of the dixture specified in 7.2.2 for both the support of the test specimen and the

huges and a
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| | 1
| | 2
| | 3
C /4
I 1T _TF — .
[ -
| |
Key
1 testspedimen 4  lower-adapter
2 upper-adapter 5 shaker
3 tri-axial force gauges

The mass o
specimen. T

For tri-axial

a) Piezo-e

to the sf
b) Multipld
c) The for

vibratid
d)

of 6.3.
7.2.3.3 Fd
7.2.3.3.1

Multiple tri

force measu

on the distr
resultant m

Figure 2 — An illustration of a typical FMD

f the upper-adapter should be as small as possible, normtally less than 10 % of thd

force gauges, the following requirements and recominéndations apply.

ectric force gauges should be used. The dimensions and dynamics shall be chosen accot
ructure of the test specimen and the test level

 force gauges should be normally evenly.distributed to obtain a better test result.

ce gauges shall be pre-loaded (normatly by the manufacturer) before used in force lin
n testing.

rce measurementdevice verification

General

axial foree\gauges are often used to implement force limited vibration testing. A ty
rement-device is illustrated in Figure 3. The resultant force and resultant moment de|
ibution-of force gauges. A typical FMD is described and corresponding resultant forcg
bmernts are formulated in Annex C.

test

he resonance frequency of an FMD shall be no less than the upper limit of the test frequgency.

rding

hited

The influence of dynamic behaviour ¢atused by FMD shall be assessed to comply with requirements

pical
pend
e and
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L

flest specimen 3 tri-axial force gauges

ypper-adapter 4 lower-adapter

dentre of gravity of the test specimen X, Y, Z directions of the refergnce system of {
height of the upper-adapter H distance from the/centre of gravit)

Figure 3 — Illustration of a typical force measurement device

.3.2 FMD verification of vertical direction

out loss of generality, assume that a test specimen vibrates along the Z axis during
cal direction. The forces measured by eachforce gauge in each direction as well as t
and resultant moment shall be verified by,a rigid body mass properties of the test ite
r adapter. The verification test frequenty shall be lower than the first resonant frequ
ynamic amplification is negligible. Nermally the beginning frequency of the test is pi
ication.

i

y, the verification criterionsis that all the resultant forces and moments shall be e
t in the Z direction. The measured forces in the Z direction for all force gauges shoulgd
her similar to each othér:

.3.3 FMD verification of horizontal direction

out loss of generality, assume that a test specimen vibrates along the Y axis during

ontal direction. The verification test frequency shall be lower than the first resonant f
the dyndmic amplification is negligible. Normally the beginning frequency of the test

erification.

7

he test item
y of the test

specimen to thetop of the upper-adapter

h test in the
he resultant
m including
ncy so that
ked for the

qual to zero
be equal to

h test in the
requency so
s picked for

Pérification criterion of the horizontal direction is as follows: Ideally, all the resultaqt forces and

moments shall be equal to zero except the resultant force 1n the Y direction and the bending moment
in the X direction. The transverse forces for all force gauges should be similar to each other. The phase
is the same for the Z direction forces for the transducers with -Y coordinate and are opposite of those

tran

sducers with +Y coordinate.

7.2.4 Vibration control system

A vibration control system typically includes: vibration controller, acceleration sensor, signal
conditioning system. The acceleration sensor and the signal conditioner shall meet the relevant
requirements of 7.2.5.2 and 7.2.5.4. The vibration control system shall meet the following requirements.

a) The vibration control system shall at least have the functions of sinusoidal vibration and random

vibration testing control.

© IS0 2021 - All rights reserved
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b) The vibration controller shall have the functions of multi-point averaging, maximum or minimum

control.

c) The vibration controller shall have a response limit function.

d) For force limit vibration testing, dual controlled vibration testing shall be used. This means
controlling the test by acceleration control channels and additional notching channels for the

defined

force limits.

1) The vibration controller shall be capable of “extremal control,” (also called maximum or peak
control). In extremal control, the largest of a set of signals is limited to a single reference

frum

spe
2) The
resj

e) The vil
specimg
7.2.5 Meg
7.2.5.1 Gg

Typically, th
conditioner

7.2.5.2 S

7.2.5.2.1 |

a) The sen
compon

b) Acceler
measur

c) The latg
spindle

d) The dey

experinpental range,

7.2.5.2.2

To measure

vibration controller shall accommodate different reference spectra for limiting indiv|
ponse (and force) measurement channels.

ration controller shall have an automatic abort function to avoid overloads on 4
n due to control disturbance.

surement system

tneral

e measurement system is composed of sensors (e.g. accelerometer, strain gauge), s
b, a data acquisition system, data storage and a processing system.

nsor requirements

\ccelerometers

sitivity and range of the accelerometers shall consider the response size of the meag
ent and background noise.

bmeters in different weight shall be chosen according to the local stiffness and weight ¢
ed part to reduce the influence of additional mass.

ral sensitivity of the accélerometer shall not be greater than 5 % of the sensitivity i
direction.

iations from andplitude linearity of the accelerometer shall not be greater than 1 % i

btrain gauge

thesstrain, the gauge’s form, size, range and accuracy shall be selected according ta

idual

test

ignal

ured

f the

h the

n the

test

e cables used shall be low noise cables.

purpose. Thi

7.2.5.3 1In

stallation of sensors

The installation and routing of the sensor shall neither impose additional restrictions on the test
specimen, nor modify the response characteristics of the product.

7.2.5.4 Signal conditioners

a) The filter of the signal conditioners shall have linear phase-shifting characteristics. The error in
the experimental frequency range shall be within 1 dB;

b) The amplitude linearity shall not be greater than 1 %.

10
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a)

b)

c)

d)

8

8.1

8.1.
The

IS0 23670:2021(E)

The signal conditioners shall have the function of signal calculation for force signal regulators,
including calculation function of resultant force, splitting moment and resultant moment, and gain
attenuation setting of output signals.

5.5 Data acquisition and processing system

The data acquisition system shall be able to acquire signals of accelerometers, strain gauges and
other required sensors.

The data acquisition system shall have sinusoidal vibration and random vibration data acquisition
modules, with functions of real-time data acquisition, recording, processing and analysis.

.

[he data acquisition system shall have enough measurement channels to meet the reqlllirements of
the customer.

Measurement uncertainties shall meet the requirements of the customer.

Test procedure
Test preparation

1 Preparation of the test documents

fest documents shall be prepared according to ISO 45864:2021, 4.9. The test documents shall be

revigwed by the customer. Before starting a test, thetest plan shall be reviewed to defermine test
specimen configuration(s), levels, durations, vibration exciter control strategy, item [operational

requfrements, instrumentation requirements, facility capability and fixture.

a) Appropriate vibration exciters and fixtures'shall be selected.

b) An appropriate data acquisition /system composition (e.g. instrumentation, cables, signal
¢onditioning, recording and analysis equipment) shall be selected.

c) The vibration equipment shall be operated without the test specimen installed to confirm proper
¢peration.

d) The data acquisition system functions shall be ensured as required.

e) [IfFLVT is applied;the structure analysis results (resonance frequencies, modal effective mass, etc),
interface conditions (materials, masses, parts, etc.), quasi-static loads, flight limit loads and design

ads shall bedspecified.

8.1. Chéck of test equipment and test specimen

Check(shall be performed before test conduction. If not specified otherwise, the following requirements

apply-

a) The test setup shall be as specified in the test requirements.

b) It shall be ensured that the performance capability of the test equipment meets the test
requirements.

c) All the test equipment shall be calibrated and used in the valid period.

d) The test specimens shall be examined for physical defects.

e) Thetestspecimen shall be configured for test, in its operating configuration if required, as specified

in the test plan.

© IS0 2021 - All rights reserved 11
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f) The test specimen/fixture/exciter combination shall be examined for compliance with test
specimen and test plan requirements.

g) An operational checkout shall be conducted in accordance with the test plan and the results shall
be conducted for comparison with data taken during or after the test.

8.1.3 Safety check

The safety check shall be in accordance with [SO 19924:2017, 9.2.1.3.

8.2 Testi

mplementation

8.2.1 General

Vibration te
directions. |

8.2.2 Bef

a) The tes
static lg
be insta

sting on spacecraft system level is generally conducted in each of the three ‘orthog
for each test, the test implementation shall consider the following sequence:

hre test

F specimen shall be mounted to the fixture according to the required test direction.
ad of the vibration system cannot meet the requirements, an‘auxiliary flexible support
lled after customer approval.

b) The control transducers shall be installed on fixture as required.

c) Avisua

d) The paj
systems
e) A pre-tg
measur
8.2.3 Duy
a) Ifnots

shall be
the test
perforn]
analyse
and res

b) A full-l4
require
betwee

inspection and a functional test of the specimen shall be performed.

ameters of the control and measurement systems shall be set, and the readiness
for the test shall be verified.

st shall be performed to measure the-structure response and to check the contro
Pment systems.

ing test

becified otherwise, the following test sequence shall be performed. A low-level pre

ronal

f the
may

bf all

and

-test

specification. The structural response shall be recorded and, if required, the test spec
jance shall be monitored during the test. After completing the test, all data sh
d to determing the conditions of full level vibration testing, such as notching require
ponse limit.profile.

vel vibration testing shall be performed. Structural responses shall be recorded a
, the\test specimen performance shall be monitored. After the test, the connecting sc

performed. The testshall be carried out according to the test level conditions specifaiFd in
|

imen
1 be
ment

nd, if
rews
S are

 the'test specimen and the fixture shall be checked to ensure that connecting screw|

not loo

C.

c) Alow-level vibration testing shall be performed again. After the test, both low-level testing results
shall be evaluated to evaluate the test specimen integrity by comparing its resonance frequencies
and amplification factors.

If the test plan calls for additional intermediate or full-level testing, steps a) through c) shall be repeated

as required

by the test plan before proceeding.

A low-level sweep down sine test should be performed in case of suspicion of nonlinear behaviour, or

unexpected

12

behaviour during sweep up test.
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8.2.4 After test

a) After the completion of testing in one direction, a visual inspection of the test specimen shall be
performed. Functional and electrical performance tests shall be conducted if necessary.

b) In case failures, structural degradation or other anomalies are found during the test, the test
interruption and handling requirements shall be considered.

9 Testinterruption and handling

9.1 Testimterruption

If either of the following situations appears, the test shall be interrupted:

a) laboratory equipment malfunctions;

b) the technical requirements cannot be met due to exceeding test tolerances;

c) {estspecimen operation failure.

9.2 | Interruption handling
Test [nterruption should be handled as follows.

a) Ifatestisinterrupted because of test equipment malfunction, the test shall only be continued after
the failure had been eliminated and it is made sure®here is no effect on the specimen.

b) If a test is interrupted because the technicalirequirements cannot be met due to exfeeding test
lolerances, after eliminating the reason thé parameters shall be reset and the test shall be
erformed again. In case of under-testing, test results acquired before the interruption shall be
onsidered invalid. In case of over-testing, it shall be ensured there was no effect on the specimen
nd the test may be restarted from.the interruption point (in that case, of the total durjation before
nd after the interruption shall be considered as test duration).

c) Ifatestis interrupted because of test specimen operation failure, the test shall only he continued
fter the interference or failure had been eliminated.

10 Test data and result evaluation

10.1 Test data
Typic¢ally, vibration testing data includes the following items:

a) ¢ontrol results of the test;

b) structure response of the test specimen in the frequency domain, and, if specified in the contract
requirement, in the time domain;

c) environment data of laboratory;
d) status data of the equipment;
e) status data of the test specimen.

Test data requirements shall conform to [SO 15864:2021, 4.9.5.
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10.2 Result evaluation

After test, the results shall be evaluated according to the following criteria:

a) conformance of the control results with the test requirements;
b) conformance of the measurement results with the test requirements;

c) conformance of the overall results with the test objectives.

11 Test reports

Test documé¢ntation shall conform to ISO 15864:2021, 4.9.

14
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Annex A
(Informative)

A method for random vibration and acoustic test tailoring

Because of the differences between random vibration and acoustic test, if it is possible, combined
random vibration and acoustic testing should be performed. Otherwise, either vibration or acoustic

testipg should be selected to conduct, whichever is more appropriate, with the other ong left optional.
In thie selection of a random vibration testing method or acoustic test method, the “break|even” area/
masq ratiol20.21] of a test object is important.
One method of “break even” area/mass ratio will be calculated by X-Y-F formula:
)
— _ (A1)
{m b P2 10 A(f)
ref 10
wherte
i} is the “break even” area/mass ratio;
b
R(f) is the PSD of random vibration testifig reference spectrum at f;
Ji is the frequency where test speeimen has maximum response in testing;
A(f) is the sound pressure levelat f;
is reference sound pressure, P,.r= 2 x 10°Pa;
Af is bandwidth, fox 1/1 octave bandwidth Af=0.707 f, 1/3 octave bandwidth|Af= 0.232 f ;
X is correctipn-eoefficient:
Ba
W(Fin
B, = % (A.3)
2
#5)
W ( f)R-llldA (A 4)
"\ QR ()
A(Sf)
P,=P2.-10 10 /Af (A.5)
where
W (f)pmax is the average response in acoustic test or analysis;
W(f);max is the average response in random vibration testing or analysis;
P is the sound pressure;
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is the quality factor;

is the sound pressure excitation surface area, e.g. the top and sides su
area of a specimen;

is the mass of test specimen.

rface

W (f)pmax 304 W(f),,.x Should be used the test data of similar structure test specimen or sim-

ulation analysis results.

EXAMPLE

The acoustic and random vibration testing reference spectrums of SAT-1 are show in Table A.1

and Table A.Z
PSD is 0,031

a) Calculat

For poiy

[ The sound pressure level at 250 Hz with 1/1 octave band is 134 dB, the random vibration tq
b2 /Hz from 150 Hz to 800 Hz, which is 2,98 (m/s2)2/Hz.

e S, selecting the key response point of the SAT-1 in acoustic testing, as shown-in/Tabl¢

it 1:

1,0187 _ 2.337

ﬁ_1=

B, is thg
b) Calculaf

For poiy

'Br—l :\/

B, is the
c) The “br

4,52 x 0,0182 x 28,42
average value which equals to 2,658.
e 3,, as shown in Table A.4.

it 1:

0,101

- =0,401
4,52 % 0,031

average value which equals to 0,402.

pak even” area/mass ratio:

B

m

d) The suj
recomn

0,402 ><\/0,707 x 250 x 2,98 0.0346

D658 4 x 1034

face-mass ratio is 0;018, which is less than 0,034, so the random vibration shou
ended.

Table A.1 — Random vibration testing level

Frequency (Hz) | 20 to 150 | 150 to 800 | 800 to 2 000
reference PSD | +3 dB/Oct | 0,031 g2/Hz| -6 dB/Oct

sting

p A.3.

(A.6)

(A.7)

(A.8)

d be

hla A Acounstictectin
D1e

1IN0
TX s TXCOUOTICTOO TG VT

1/1 octave centre
frequency f. (Hz)

31,5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

Test level (dB) 116 | 122 | 130 | 134 | 136 | 133 125 121 114

16

Table A.3 — Key points response of SAT-1 in acoustic testing

Point| Q | [ [ £ | AP | P | Wamn | AM | B
1 4,5 272 250 134 28,42 1,018 7 0,018 2,337
2 4,5 272 250 134 28,42 0,489 3 0,018 1,620
3 4,5 204 250 134 28,42 0,26 0,018 1,375
4 4,5 212 250 134 28,42 0,436 4 0,018 1,538
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Point | Q f fe A(f) Py Wha_max A/M Ba-i
5 4,5 632 500 136 22,52 4,279 8 0,018 5,381
B 2,658
Table A.4 — Key points response of SAT-1 in random vibration testing
Point Q R(f) Wi mas Bri
4,5 0,031 0,101 0,401
Z 75 0,03T U,0337 U,232
3 4,5 0,031 0,097 9 0,395
4 4,5 0,031 0,159 6 0,504
5 4,5 0,031 0,144 7 0,480
B, 0,402

© IS0 2021 - All rights reserved
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Annex B
(Informative)

An example of notching principles and calculation method for

notching control

B.1 This dnnex applies only to spacecraft as it requires the results of the coupling analysis betjveen

spacecraft a

given in B.2

to B.4.

B.2 The fdrce of the main structure is required to be not higher than the design value ‘of quasi-

load[22].

a) Forspa
structu
FmaxO =

where

recraft, in the case of an interface ring, the maximum force per unit-of length F ., of
re under static load is calculated as shown in Formula (B.1):

MH
" Apot— 4
DR nR?

M id the mass of spacecraft;

R id the radius of the interface of the spacecraft'and the rocket;

. igthe height of centroid;

A,y i9the acceleration of axial direction}

Ao igthe acceleration of transyerse direction

b) The makimum counterforce E

shown in Formula (B.2) and Fermula (B.3):

For axidl direction vibration:

hd rocket. An example of notching principles and calculation method for notching contol is

static

main

(B.1)

axa» Fmaxr, of main structure during vibration testing is calculatpd as

Fraxa =/Ba %AA (B.2)
For trarnsverse direction vibration:
FmaxL:ﬁLM L (B.3)
TR?
where

18
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c)

B.3

spacgcraft and rocketl23l,

B.4

fixed|position is required not to be higher thanthe equipment vibration testing level.

where

If th¢reis'multiple key equipment, the requirement is

ISO 2367

0:2021(E)

Pa  isthe factor of counterforce at the interface between spacecraft and fixture in axial direction

vibration, it is calculated as shown in Formula (B.4);

P s the factor of counterforce at the interface between spacecraft and fixture in transverse

direction vibration, it is calculated as shown in Formula (B.4);
A,  isthevibration acceleration level of axial direction vibration;

A, isthevibration acceleration level of transverse direction vibration.

B B

B (£ (£) (B.4)
AT/ PL <7 7
FAc FLc
f is the frequency where test specimen has maximum respagnse in testing;
F, (f),F, (f) arecounterforce between spacecraft and fixture at f;
Fae Fle are counterforce between spacecraft and fixture atlower frequency (ormally the

beginning frequency of the test).
<F

Itisrequested that F_ , <F__ o, and F max0

max axL

The vibration level is required to be more than the level of coupling analysis res

In case of linear behaviour of the test specimen during vibration tests, response of ke)

dy i (f)<

a
M0, 5

a; (f)

1l (f) is the response’of key equipment fixed position at signature test level;

n (f) is the gigmature test level;

11,5 (f) isthe’key equipment’s vibration testing level;

Iy (f9xMs the response of key equipment fixed position at full test level.

ult between

y equipment

(B.5)

dg (f)gizl,nii,ri,n (aH_i (f))

where

n is the number of key equipment.

© IS0 2021 - All rights reserved
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Annex C
(informative)
Force limit determination
C.1 General

To impleme|
replicate thd
in different

nt force limited vibration testing, force limits must be determined properly which
 force response of the test specimen in flight configuration. Force limits can be/detern;
ways depending on the available information on the test specimen. Five~méthod|

can
lined
s for

designing fdrce limits are introduced briefly in this annex.

C.2 Analytical methods using two-degree of freedom system maodel

C.2.1 General

The force li h the

following st

mits design strategy using two-degree of freedom systein,model can be described i
EpS:

a) establishment of a two-degree of freedom system (TDFS) model containing a source (the mounting
structure or the launch vehicle) and a load (the test specithen);

b) determijnation of the mechanical parameters of the/IDFS model; the apparent masses [defing¢d by
Formul4 (C.1)] of the source and the load can be estimated by FEA or measured experimentally;

c) solution] of the coupled system to obtain the accelerance (complex frequency response fungtion
which i§ ratio of acceleration to force) of the-interface;

d) derivation of force limits according to the acceleration specification and the accelerance obtgined
in step ().

The TDFS mlethod can be classified into two categories, the simple TDFS method and the complex TDFS

method, accprding to the adopted-coupled models.

C.2.2 Simple TDFS method

D

=

The source dand the load(are simplified as two masses in the simple TDFS method as shown in Figur
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X, 1
|
|
| k

1 | 2

N

(o I ¢,
Key
1 interface m, the mass of the load
X e displacement of the base k, the stiffness of the source
X, e displacement of the source ¢ the damping of the source
X, e displacement of the load k, the stiffness of the lpad
m, e mass of the source ¢ the damping of the'load

Figure C.1 — The simple TDFS model

The apparent mass M (w) at the interface is given by:

1+ 528, =
()= @) ) 2 €1
A(w) ® 1)
NESjes
w ()
where

F'(w) is the force at the-interface;

U(w) is the accelerdtion at the interface;

® is the’gxeitation frequency;
Q- is\the natural frequency of the load;
§, is the modal damping of the load.

The load actsas a ctassicat dynmamic absorber at the naturat frequency of the couplied system illustrated
in Figure C.1. When the natural frequency of the load coincides with the natural frequency of the source
(denoted as w,), the acceleration responses of the source and the load both reach their maximum values

© IS0 2021 - All rights reserved 21


https://standardsiso.com/api/?name=4425140a3d070398c354348b0be8ae61

IS0 23670:2021(E)

and the force at the interface also reaches its peak value. For this case, the characteristic formula is
given by:

m m m
(@] a, ) :1+1 2 4 _2+l(_2)2 (C.2)
0
2my m 4 m

The ratio of the interface force to acceleration spectral densities normalized by the magnitude squared
of the load mass is then obtained.

Sep 1+(w/wy ) / Q3 3
2 _p. 4 2> 39 ;.9 (C.3)
Saam; [T toroy T +toray )7 70;
where
Ser is the interface force spectral density;
San is the interface acceleration spectral density;

Q, :1/( e, ) is the quality factor of the load, with {, is the damping rati¢-of the load;

C.2.3 Complex TDFS method

In the complex TDFS model shown in Figure C.2, the source and load &ach have two masses to represent
both the resiidual and modal masses of a continuous system.

1
Xy X X,
k k
1 I 'w) 2
_F i
ml Ml 6 MZ mZ
A (w)
Sl SR B I SIS
5 | ‘,
|
|
2 3
Key
1 interfage M, the residual mass of the source
2 the soufrce M, the residual mass of the load
3 the loa k, the model stiffness of the source
X the displacement of the interface c. the model damping of the source
X, the displacement of the source k, the model stiffness of the load
X, the displacement of the load ¢, the model damping of the load
m, the model mass of the source F(o) the force at the interface
m, the model mass of the load Aw) the acceleration at the interface

Figure C.2 — The complex TDFS model
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