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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.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sugly patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This| document was prepared by Technical ‘\Committee ISO/TC 20, Aircraft and spqce vehicles,
Subcpmmittee SC 14, Space systems and operations.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

Spacecraft on-orbit experience a micro-vibration environment which can induce severe disturbances to
sensitive payload with high pointing stability and/or position stability. It can affect mission success of
payload equipment, e.g. earth observation, space telescopes, optical experiments, telecommunication.

For such applications, it is necessary to verify their resistance to the micro-vibration environment on-
orbit. This verification may be supported by spacecraft level micro-vibration tests on ground. In that
case:

— the vibration transmissibility from the disturhance sources to the sensitive payloads should be
investigated;

— the performance of these payloads under the influence of the relevant disturbance soutices should
be identified by response measurements;

— the modal parameters of the spacecraft should be extracted to update the analysis'model.

This document specifies contents to meet test requirements. It includes test\purpose, general test
information] test equipment, test requirements and recommendations, test'\floew and procedure} test
interruption and handling, test data and result evaluation, and test reportsyfor spacecraft level micro-
vibration tests.
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Space systems — Micro-vibration testing

1 Scope

This document specifies requirements for the implementation of spacecraft level micro-vibration tests
on space systems to be considered by test providers, including test designers and test engineers. It also
gives guidance for spacecraft designers and interested parties.

The

equij
sour
telec

2 Normative references

The
cons
undg

ISO 1
ISO 1
ISO 1

For t

ISO dnd IEC maintain terminology.databases for use in standardization at the following add
— SO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: atajlable at https://www.electropedia.org/

3.1

micro-vibration‘énvironment
dyngmic environment on-orbit which is characterized by very low acceleration level compa

usua

Note
equi

Terms and definitions

spacecraft level micro-vibration test is applicable to space systems which cont
bment sensitive to the micro-vibration environment which only induced by the internal
Ces on-orbit, e.g. for the purpose of earth observation, space telescopes, leptical ¢
pbmmunication.

following documents are referred to in the text in such a way that some or all of t
[itutes requirements of this document. For dated referencés, only the edition cited
ted references, the latest edition of the referenced documént (including any amendme

4620-1, Space systems — Safety requirements — Part 1:System safety
5864:2021, Space systems — General test methods-for spacecraft, subsystems and units

7566:2011, Space systems — General test docuiientation

he purposes of this document, tlie following terms and definitions apply.

[ dynamic’environment during launch

1¢to entry: Micro-vibration environment affects the normal performance or function of seng

hin payload
disturbance
Xperiments,

heir content
applies. For
hts) applies.

Iresses:

red with the

itive payload

menhtofthe cparnr‘rnﬂ' on-orbit

Note 2 to entry: Generally, the micro-vibration environment of the sensitive payload equipment on-orbit is in the
range of micro-g's to milli-g’s, and the frequency range is from a few hertz up to a few hundred hertz[ll.

3.2

background noise
noise coming from sources other than the test signal

[SOURCE: ISO 13472-1:2022, 3.8]
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3.3

signal-to-noise ratio

S/N

difference between the level of the nominal useful signal and the level of the background noise (3.2) at
the moment of detection of the useful event

Note 1 to entry: The signal-to-noise ratio is given in decibels.
[SOURCE: ISO 13472-1:2022, 3.9]

3.4

design safety factor
factor by which limit loads are multiplied in order to account for uncertainties and variations| that
cannot be apalysed or accounted for explicitly in a rational manner

Note 1 to enffry: Design safety factor is sometimes referred to as design factor of safety, factor of.safety o just
safety factor.

[SOURCE: IS0 10786:2011, 3.15]

4 Symbagls and abbreviated terms

FFT fdst Fourier transform

FM flight model

LoS lihe-of-sight

RMS rgot mean square

S/N signal-to-noise ratio

SADA s]ﬂar array drive assembly
SM structural model

STM sfructural/thermal model

5 Testpurpose

The main pyrpose of thelspdcecraft level micro-vibration test is to verify the dynamic characteristjcs in
micro-vibrafion envirenment. This is achieved by:

— obtainipg transfer characteristics from disturbance source to the sensitive payload to verify the
transfer path design through transfer function measurements;

— obtaining modal parameters of the spacecraft through a modal survey test, in order to update the
analysis model;

— obtaining the micro-vibration response of sensitive payload equipment through response
measurements.

Usually, the verification of the dynamic characteristics in a micro-vibration environment is based on a
combination of analytical prediction and test.

2 © IS0 2022 - All rights reserved
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6 General test information

6.1

Tailoring

Requirements of this document may be tailored to fulfil the objectives of the test.

6.2

Disturbance sources

Disturbance sources can be classified as external sources and internal sources. External sources can be
found in the space environment, e.g. eclipse entry and exit. Internal sources can be found from within

nnnnnnn

thes

Annd

6.3

A pr{
test.

Annd
or n
char

In c3
analy
shall

7

x A presents typical internal disturbance sources and their characteristics.

Preliminary analysis

tliminary micro-vibration analysis shall be conducted before the spacé¢raft level mic
The objectives of the preliminary analysis are:

o identify the payloads sensitive to micro-vibration;
o identify the main disturbance sources on-orbit;
o decide whether a spacecraft level micro-vibration test for a specified spacecraft is n

x B may be considered to decide whether spacecraft level micro-vibration tests ar
t for the spacecraft with pointing stability as:the sensitive index, depending on the
hcteristics of the mission.

ses where spacecraft level micro-vibration testing is decided to be necessary, mq
rsis of spacecraft dynamics should be*done before test for test planning and the foll
be executed:

Dbtain the prediction results to be’used for test planning and specification.

Define the configuration of'the test article under the consideration that the test config
iffer from the flight configtration.

etermine the dynamic characteristics of the disturbance sources to be replaced
xciters in the testconfiguration.

ro-vibration

bcessary.
e necessary
nature and
delling and
pwing tasks

ruration can

by analogue

efine the teStfrequency range according to the sensitive frequency range of the sensitive payloads.

valuate.the influence of boundary simulation equipment.

est equipment

7.1 Test configuration for transfer function measurement and modal survey test

The test configuration for the transfer function measurement and modal survey test shall:

a) provide approximated “free-free” boundary conditions for the test article;

b) apply the excitation force to the pre-defined excitation points in the test article;

€) measure, acquire and process response signals;

d) obtain transfer functions from the response signals with the excitation signal as the reference;

©ISO
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needed

NOTE

2022(E)

or requested.

the dynamic characteristics of the test article on orbit flight conditions.

An example of test configuration is shown in Figure 1.

A

Force sensor

obtain modal parameters based on the transfer functions, so as to update the analysis model if

The “free-free” boundary conditions can be chosen and justified so that it remains representative of

Data
acquisition and
processi

systei\

Measuring system

Accelerometers Signal conditioner

s i O
i <> Boundary simulation equipment ! Q
D S | O
T AT 7777 Q
QO
Figure 1 — Test configuration for transfer function @g'surements and modal survey tes
®\$
7.2 Testg¢

The test con
a) provide
b) excite tl

Cc) measur
sensors

NOTE
the dynamic

An example d

The "free-free’%ﬁary conditions can be chosen and justified so that it remains representat

onfiguration for response measur&ﬂ}ent

figuration for response measureme&{‘shall

approximated “free-free” boun&;\%y conditions for the test article;
ne test article by disturba@ources or analogue exciters;

b, acquire and proce 1g'§ponse signals (typical sensors are accelerometers, displace
force sensors, an Sensors).

Characteristi he test article on orbit flight conditions.

ftest c@uration is shown in Figure 2.

s

(o

ment

ive of

)
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Measuring system

Sensor

Disturbance
sources

Signal
conditioner

Sensor

.| Data acquisition and
processing system

1
E
' Boundary simulation equipment
1
i
D

/S S S S S S S S S S

Figure 2 — Test configuration for response measurement of micro-vibratid

Test equipment functional requirements and recommendations

Boundary simulation

fest configuration shall simulate the on-orbit dynamic conditions as close as possiblg

1si “free-free” boundary condition and the gravity forces acting on the structure and §
fects shall be minimized.

requirements and recommendations forctthe boundary simulation equipment are as fol

|

[he boundary simulation equipmentshall provide the function of suspension and safet
for the test article.

n

in order to

pliable estimates for the expected on-orbit performances. In particular, the test article shall be in

urrounding

OWS:

y protection

b) S$uspension frequencies, whiclr are the first six rigid body frequencies of the system ¢omposed of
E"oundary simulation equipment and the test article, should be lower than 25 % of the first elastic

odal frequency of the test article under the free-free boundary condition.

c) The attached mass.moving synchronously with the test article should be sufficiently less than the
mass of the test-article (e.g. less than 5 % of the mass of the test article) to ensure that|its dynamic
¢haracteristi¢s.are unchanged as far as possible.

d) The infldence of the boundary simulation equipment on the dynamic characteristic$ of the test
drticle.shall be analysed.

e) Thedesign safety factor of boundary simulation equipment under static load induced by the gravity
force of the test article shall meet the requirements of the customers.

f) One end of the boundary simulation equipment shall match the interface of the test article, and the
other end shall match the ground base or coping of the laboratory.

NOTE The “free-free” boundary conditions can be chosen and justified so that it remains representative of

the dynamic characteristics of the test article on orbit flight conditions.

Examples for typical boundary simulation equipment are shown in Figures 3 and 4.
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LW N

o

=
g

flexible quspension component

safety protection component

mechanifal interface component

Coping of the testing laboratory or structural frame.

Test arti

le.

Figure 3 — Suspending-fashion boundary simulation equipment
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4 LR
Key
1 flexible suspension component
2 dafety protection component
3 thechanical interface component
a oping of the testing laboratory or structural frange,
b Testarticle.

¢ (round base of the testing laboratory.

Figure 4 — Supporting-fashion boundary simulation equipment

7.3.2 Excitation

The test configuration.shall be able to excite the test article at the defined excitation points|as specified
in the test specification.

The following requirements apply for excitation:

a) The exeitation force of excitation equipment shall meet the test requirements.

b) Exeitation equipment should be as small as possible to minimize the noise.

c) Sensors and signal conditioners shall meet the requirements specified in 7.3.3.
7.3.3 Measurement, data acquisition and processing

7.3.3.1 General

The test configuration shall provide measurement and data acquisition means capable of meeting test
requirements.

©1S0 2022 - All rights reserved 7
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7.3.3.2 Measurement sensors

The following requirements apply for measurement sensors:

a) Sensor resolution shall be sufficient to distinguish between low amplitude signals and noise.

b) Sensor mass should be as small as possible to minimize the influence of additional mass.

c) Sensor frequency response range shall meet the test requirements.

d) Sensor wiring shall be fixed according to practices to reduce induced physical constraint and noise.

7.3.3.3 Si

The followi

a) Signal ¢
propert
b) Signal d
amplifig
7.3.3.4 Dj

The followif
a) The da
require
b) The S/N
c) The dat]
range a

d) The sampling rate of the data acquisitioh system shall meet the test requirements.

e) Thedat
post pr(

The measurn
period.

8 Testrequirements and recommendations

8.1 Gene

bnal conditioning
1g requirement and recommendation apply for signal conditioning:

onditioners shall cover the overall frequency range and shall have flat frequency resp
ies.

onditioners should be capable of signal filtering, power supplying(for sensors and s
ation.

ita acquisition and processing
1g requirements apply for data acquisition and processing:

fa acquisition and processing system shall haye “enough channels to meet the
ments.

of the data acquisition and processing system'shall meet the test requirements.

a acquisition and processing system shall be capable of measuring the overall frequ
nd shall have flat frequency response/properties.

n acquisition and processing-system shall be capable of recording time domain signal
cessing the data accordingto the characteristics of the signal.

ement equipment used for tests shall be calibrated and used within the valid calibr

ral tést requirements and recommendations

onse

ignal

test

ency

t and

htion

8.1.1 General

Spacecraft level micro-vibration test is typically composed of the following activities:

a) transfer function measurement (see 8.1.2);

b) modals

urvey test (see 8.1.3);

€) micro-vibration response measurement (see 8.1.4).

© IS0 2022 - All rights reserved
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8.1.2 Transfer function measurement

The following recommendations apply:

a) If not specified otherwise, the mechanical interface location of each disturbance source should be
excited one at a time.

b) The corresponding transfer functions between the disturbance sources and the sensitive payloads
should be extracted.

c) During the test, the test article should be excited with different levels of excitation force to verify
the linearity of the transfer function.

NOTH
atten|

8.1.3
The f
a) 1
b)
A
NOTH
8.1.4

Duri
shall

NOTH
sensi

8.2

The f
a)
b)
c)

d) t

The transfer functions can be used in the design, optimization and verification of the)ni
uation of the test article.

Modal survey test
ollowing requirements apply:
n the modal survey test, the test article shall be excited on specific and well-defined p

[he test article’s transfer functions shall be extracted from the excitation and respons

The modal parameters of the test article shall be identified according to the transfer fu

The modal parameters can be used to update the artalysis model.

Micro-vibration response measurement

hg the micro-vibration response measurement, the micro-vibration response of the K
be measured when different disturbanée sources work separately or work together.

Typical key locations for micrd-wibration response measurement are disturbance sou
Live payload locations and the transfer path.

Pre-conditions
ollowing items shall pe specified before the test:
he frequency range for measurement;
he target modes;
he meastirement point plan;

he‘applicable exciter positions and allowable force levels;

cro-vibration

pints.
b data.

nctions.

ey locations

rce locations,

e) thetestcases.

8.3

Test article configuration

The test article can be the SM, STM and/or FM. Layout and state of the units on-board should be
consistent with the flight state. If the real state of a unit is difficult to achieve, it may be simplified or
represented by an equivalent mass.

Payloads sensitive to disturbance and their interface state should be present in their actual flight
configuration. The main disturbance sources should participate in the micro-vibration test. Disturbance
sources may be replaced by analogue exciters if it is difficult to include the real disturbance source into
the test configuration.

©ISO
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8.4 Test environment

8.4.1 Lab

oratory environment requirements

The laboratory environment shall comply with the customer’s requirements including temperature,
relative humidity, atmospheric pressure, cleanliness and other requirements.

8.4.2 Background noise requirements

Background noise shall be minimized. The S/N should be higher than 10 dB. The calculation formula of

S/N is show

n by Formula (1):

S/N=101

where

P

S

P

n

8.5 Meas

P

a

n

ng[

is the signal power;

is the noise power.

urement

The recomnmendations are as follows:

a) Respon
and/or
b) Ifrequi

c) Differey

8.6 Safet
The followiy

e measurement should be performed with acceleration and/or displacement and/or
hingular displacement sensors.

‘ed, measurement for LoS distortion of optical instruments may be performed.

t operational modes of disturbance sources should be applied for measurement.

y
lg requirements apply for(safety:

brators shall be technieally trained and qualified.

pl and safety statusof the test article shall be confirmed before the test.

erators shall’follow the test article handling requirements as well as the facility
br safety requirements.

eratorsishall manipulate test equipment according to the relevant operating ruleg
Wl safety rules.

(0

force

and

and

a) Test opd

b) Technic

c) Test op
custom

d) Test op
technic

e)

f)

g)

The load introduced by the excitation signal shall not damage the test article.

The test article shall be electrically grounded.

Test article placement, transporting and installation shall comply with customer requirements.

The safety requirements of [ISO 14620-1 shall be considered in planning and executing the test activities.

10
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9 Test flow and procedure

9.1 Testflow

The micro-vibration test includes three stages, as shown in Figure 5:

— before the test (see 9.2.2);

— test implementation (see 9.2.3);

— after the test (see 9.2.4).

ISO 24411:2022(E)

Issue report

Test task
Bef the test Preliminary
efore the tes Al
|
) Preparation . @1 "
Preparation of of test Safety check Test environment | [~ sors
afety chec : .
documents equipment setup g g stallation
[ [ [ [ I
A
Test article installa@
55
Measure@nt system
* etup
Test implementation \\\ l
[~ Suspension frequency
measurement
v y v
N
Tra nctions Modal R i
adirements odal survey test esponse measurements
N .
I
Sensors removal
After the test l

Figure 5 — Test flow

9.2 Test procedure

9.2.1 General

If not specified otherwise, the following procedures should be applied.

© IS0 2022 - All rights reserved
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9.2.2 Before the test

9.2.2.1 Preliminary analysis

A preliminary analysis as specified in 6.3 shall be performed.

9.2.2.2 Preparation of test documents

The test documents shall be prepared in accordance with ISO 15864:2021, 4.9. The test documents
should be reviewed by the customer.

9.2.2.3 Py

The followi
a) The tes{
b) The perj
c) Allthei
9.2.24 S4
The followiy
a) Functio
b) Safetyd
9.2.2.5 T¢

The test eny
noise and e
noise can bd
reduce hum

9.2.2.6

Sensors sha

9.2.3 Tesf

9.2.3.1 G¢g

nstruments shall be calibrated before the test and used in the valid-period.

Installation of sensors

eparation of test equipment
1g requirements apply:
equipment shall be set up according to the test requirements.

formance capability of the test equipment shall be ensured to meet the test requireme

fety check
1g requirements apply:
hal check of the emergency power supply system of;the laboratory shall be performed.

heck of the test equipment shall be performed,

st environment setup

ironment shall be set up according to‘the test requirements. The ground vibration, aco
ectromagnetic noise shall be considered comprehensively. Some measures to reduc
considered, such as perform thetest at night to avoid road traffic, turn off air-conditio
hn activity, apply ground vibration isolation system, remove light source.

| be installed andehecked according to the test procedures.
L implementation

tneral

nts.

ustic
e the
ning,

The followi

1g-procedures should be applied.

9.2.3.2 Test article installation

The test article shall be installed on the boundary simulation equipment according to test procedures.

9.2.3.3 Measurement system setup

The parameters of the measurement system shall be set and the readiness of all systems for the test
shall be confirmed.

12
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9.2.3.4 Suspension frequencies measurement

The suspension frequencies should be measured. Suspension frequencies measurement method refers
to Annex C.

9.2.3.5 Transfer functions measurements

The following requirements and recommendations apply:

a)
b)
‘)
d)

e)

The excitation point shall be chosen according to the test requirements.

n

The test parameters setting shall be checked.

The excitation and response data shall be acquired after applying excitation. The excit
Ibe performed at different levels.

The data shall be processed and the transfer functions shall be estimated:

9.2.3.6 Modal survey test

The following requirements and recommendations apply:

a)
b)
c)
d)
e)
f)
g)

The geometry model of the test article shall be established.

The excitation point shall be chosen to make sure the desired modes can be excited.
The excitation system shall be installed.

The test parameters setting shall be checked.

The excitation and response data shall be acquired after applying excitation.

The data shall be processed and the modal parameters shall be extracted.

The modal parameters should be verified.

9.2.3.7 Micro-vibration.response measurements

The following requirerhents and recommendations apply:

a)

b)

requirements:

The micro-vibration response shall be measured according to the test cases require
octiments. When the actual disturbance source is difficult to work (e.g. antenna
echanism, SADA), analogue exciters can be used to simulate the disturbance signal.

htion should

The background/noise of the test environment shall be measured and confirmed to meet the test

1l in the test
fixed point

c) Test data should be processed according to the test requirements. The test data processing should

conform to ISO 18431-1.

In order to ensure high data quality for post-processing, the following important aspects shall be
considered for micro-vibration response measurements:

— Thelowlevel of the signals requires a careful data check to avoid errors in the measured data caused

by limited measurement time and limited amplitude resolution.

— The measured data contains expected and unexpected signals (noise) that shall be separated.

— The S/N of each channel shall be acquired.

© IS0 2022 - All rights reserved
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9.2.4 After the test

The following requirements and recommendations apply:

a) The measurement cables, measurement system and other equipment shall be removed.

b) The test article shall be removed from the boundary simulation equipment.

c) The data shall be processed, and the test reports should be issued.

10 Test interruption and handling

10.1 Test interruption

If either of t
a) The tecl
b) Testart
c) Safetyn
10.2 Inter
Interruptioy
a) If a tes

perforni
b) If the tq

continu
c) Ifthet

reasonsg
11 Testd

he following situations appears, the test shall be interrupted:
(nical requirements cannot be met.
icles or test equipment failure.

equirements are not met.

ruption handling
1s should be handled as follows:

[ is interrupted because the technical requiremients cannot be met, the test shou
led again after finding out the reasons and implementing corrective measures.

bd after the interference or failure has*been eliminated.
st is interrupted because of safety) the test should be performed after finding ou

and implementing corrective measures.

hta and result evaluation

11.1 Test data

Typically, te

a)
b)
‘)
d)
e)

f)

status d

status d

5t data includes.the following items:
ata of thé test article;

atacofthe equipment;

transfet

Fun ction curves;

d be

st is interrupted because of test articles or test equipment failure, the test should onlly be

t the

response curves of the micro-vibration measurements;

modal characteristics of the test article such as the natural frequency, mode shapes and modal
damping ratio;

environ

ment data of the laboratory.

Test data shall conform to ISO 15864:2021, 4.9.5.

14
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11.2 Result evaluation
After the test, the results should be evaluated according to the following criteria:
a) Conformance of the measurement results with the test requirements.

b) Conformance of the overall results with the test objectives.

12 Test report
Test documentation shall conform to ISO 17566:2011, 3.4.

ISO 24411:2022(E)
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Typical internal disturbance sources and characteristics

Annex A
(informative)

Typical internal disturbance sources and characteristics are shown in Table A.1.

16

Table A.1 — Typical internal disturbance sources and characteristics

Source Characteristics
Reaction wheel Harmonic
Control momentum gyros Harmonic
Gyroscopes Harmonic

Solar array drive mechanisms

Harmonic or transient

Antenna pointing mechanisms Transient
Mirror scan mechanisms Transient
Cryogenic coolers Harmonic
Micro-thrusters Transient
Latch valve Transient
Heat pipe Harmonic
Relay TFransient
Sudden stress release Transient
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Annex B
(informative)

1:2022(E)

Guideline of the necessity of spacecraft level micro-vibration test

Micro-vibration can be described by micro linear vibration and micro angular vibration.
Correspondingly, the requirements of position stability or pointing stability for the spacecraft can be

desc

Once

nece

This
alac

in Taple B.1 can be considered at the present stagelll.

"ibed as the sensitive index.

the sensitive index is required by the mission, whether spacecraft level microsvibrat
5sary or not shall be decided.

decision can be made according to the experiences of identical or similarspacecraft. W
k of such experience, for the spacecraft with pointing stability as the sensitive index, t

Table B.1 — Guideline for micro-vibration tests

on tests are

hen there is

he guideline

Stability level (RMS per axis, 1-sigma values) Spacecraft level micro-vibrat

on test

> 100 arc-second Not required @

10 to 100 arc-second Optional be

0,1 to 10 arc-second Optional ¢

< 0,1 arc-second Required 4

a

b
mod

C

d

e

T

neceg

is ne
vibral

proce

— V]
level

— When thereis'a lack of a reliable analysing method for some complex parts such as joints with multip]
spacgcraft lezehiicro-vibration test should be carried out.

— Whenthe economic or time cost of analysis is far overweighting the cost of the test, a spacecraft level m|
test ghould be carried out.

If is not a micro-vibration challenge. A spacecraft level micro-vibration test is not really necessary.

he payload equipment can be affected by micro-vibration, and subsystem/unit-level test should be
;Ly the analysis model. A spacecraft level mictio-vibration test is optional.

icro-vibration is a difficult problem/toxthe mission requirement. A subsystem/unit-level micro-vij
sary. A spacecraft level micro-vibration-test should be carried out if possible.

licro-vibration is very difficult problem to the mission requirement. A subsystem/unit-level micro-
Cessary. A spacecraft level mi€ro-vibration test shall be carried out to verify the mission performan
tion environment.

N

or these categories, further analysis is needed to decide the necessity of spacecraft level micro-vibrati
ss of analysis:

H

Vhen it is unable £o'gbtain or accurately obtain the disturbance characteristic of some equipment by an
Lest, a spacecrdftlével micro vibration test should be carried out.

rarried out to

ration test is

vibration test
e in a micro-

on test. In the

alysis or unit-

P interfaces, a

icro-vibration

©IS
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Annex C
(informative)

Suspension frequencies measurement

C.1 Principle

To simulate the free-free boundary configuration of the spacecraft on orbit, the test article is suspended

by boundary simulation equipment. The first six rigid body frequencies of the system compos
ulation equipment and test article are called “suspension frequencies”.

bd of

Suspension frequencies measurement is performed by application of external forcesand torque along
the X/Y and Z direction of the test article coordinate system to make the test article deviate from the

static balange position. Then the applied force is removed to make the system-freely oscillate, an

d the

free oscillatjon response of the system is measured. The oscillation period is éxtracted by analysinjg the

measured r sponse curves.

Examples affe shown in Figures C.1 to C.4. Figure C.1 and C.3 show thé.applied X-direction (horizontal)
force to obfain suspension frequencies of the bending and rocking modes of the system in the
X-direction [similarly, Y-direction force is applied to obtain suspension frequencies of the bending and

rocking modle of the system in the Y-direction). Figure C.2 and-C.4 show the applied torque aroun

d the

Z-direction to obtain suspension frequency of the torsional imode of the system around the Z-diredtion.

Key

1  spacecra 4 acceleration sensor
2 bottom supps i
3  external force

Figure C.1 — Applied X-direction (horizontal) force to get suspension frequencies of the system

in X-direction

18 © IS0 2022 - All rights res
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