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Foreword

79:2023(E)

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 procedures used to develop this document and those intended for i irther ma
descrjbed in the ISO/IEC Directives, Part 1. In particular, the different approval criterian

intenance are

beded for the

ISO draws attention to the possibility that the implementation of this docunient may inyolve the use
of (a)|patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

datab
such |

Any t
const

ipned that this may not represent the latest information, which-inay be obtained fro

ase available at www.iso.org/patents. ISO shall not be held<responsible for identify
patent rights.

Fade name used in this document is information givenfor the convenience of users
tute an endorsement.

not received
bmenters are
m the patent
ng any or all

and does not

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and

expre
the V
WWW,

iso.org/iso/foreword.html.

This
Subca

Any fi
comp

ssions related to conformity assessment,zas well as information about ISO's gdherence to
Vorld Trade Organization (WTO) principles in the Technical Barriers to Tradg (TBT), see

document was prepared by Technical Committee ISO/TC 20, Aircraft and spgace vehicles,

mmittee SC 14, Space systems and‘operations.

ete listing of these bodi€scan be found at www.iso.org/members.html.

pedback or questions on thissdocument should be directed to the user’s national standards body. A
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Introduction

The separation between the launch vehicle and the spacecraft on orbit is a critical activity for a
successful orbit injection. Any failure during the separation can cause serious consequences. A
separation test on ground between the spacecraft and the launch vehicle is an effective way to
simulate and test the characteristics of the separation, to reveal the risk of failure of the separation
system between the launch vehicle and the spacecraft, and to improve the separation function during
the separation on orbit. This document provides three typical separation test methods, which are the
combined separation test, the horizontal separation test and the individual falling separation test, for
different application scenarios.

The overvierj:r and interdependencies of test methods are illustrated in Annex A. For the test|ng of
separation movements and separation dynamics between launch vehicle and spacecraftwith|zero-
gravity effedt or no acceleration conditions at the time of separation, the separation tést may take
the form of |combined separation test or horizontal separation test as illustrated in-Annex B and
Annex D respectively. For the testing of separation with purposes of fit-check and shé¢k:responsg-level
confirmatior], the test may take the form of individual falling separation test as illustrated in Anngx C.

Apart from these three separation test methods, there are many other methods-ef verifying sepafation
systems and|processes, such as modelling the systems or processes, comparing similarity with exiisting
systems or grocesses, which may apply to different scenarios with corsistency. This document does
not deny thd use of these useful methods in the simulating and testing of the characteristics pf the
separation.

The technicdl requirements in this document may be tailored,t0 meet the objectives of tests s the
separation opjectives can be different for different projects ot for different development stages.
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Space systems — Ground test for the separation between

a launch vehicle and a spacecraft — Requirements for
combined separation tests, horizontal separation tests and
individual falling separation tests

1 Siope

This

the c
the s¢
LV m

Hocument provides the test requirements of three typical separation test method
mbined separation test, the horizontal separation test, the individual falling separ
paration between the launch vehicle (LV) and the spacecraft (or between stages of
bdel). It also provides the requirements for the separation test unit,¢est data, tes

seque
docu

and dpta acquisition.

This dlocument is applicable to test providers and interested parties to implement the se

betws

2 N

The f
const|
undat

[SO 11
[SO1
[SO 2

3 1
For th

[SOa

q

et

]

$0 Online browsing platform: available at https://www.iso.org/obp

nce, pre-test simulation, test environment, exception handling, test Tesults assg
entation, test facilities, test installation, preliminary adjustment®fythe test setup, 1

pen the launch vehicle and the spacecraft.

ormative references

bllowing documents are referred to in the text in such a way that some or all of
tutes requirements of this document. Fordated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

1620-1:2018, Space systems — Safety requirements — Part 1: System safety
h864:2021, Space systems — General test methods for spacecraft, subsystems and units

137, Space systems — Progrdm management — Test reviews

erms and definitions

e purposes ofthis’document, the following terms and definitions apply.

CElectropedia: available at https://www.electropedia.org/

s, which are
tion test, for
a prototype
t timing and
ssment, test
neasurement

paration test

their content
applies. For
ents) applies.

1d IEC maintain terminology databases for use in standardization at the following addresses:

3.1

combined separation test
test in which a combination of spacecraft parts and launch vehicle parts drops simultaneously from the

hangi

ng point

Note 1 to entry: The test articles finish the separation movements before being captured during the separation

test.
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3.2
fit check

check to verity the matching consistencies of the electrical interface and the mechanical interface

between the

spacecraft and the launch vehicle to some degree

Note 1 to entry: This check usually consists of an electrical interface check and a mechanical interface check

between the s

3.3

pacecraft and the launch vehicle before the separation test.

horizontal separation test
test in which a combination of spacecraft parts and launch vehicle parts is separated horizontally

3.4

individual falling separation test

test in whic
either spaceq

3.5

launch vehi
assembly of
stages

3.6

mating and
device that ¢
the linkage b

!

a combination of spacecraft parts and launch vehicle parts is separated verticall
raft parts or launch vehicle parts fall down from the combination

‘le stages separation system
functionally related subsystems and/or units for the separation between launch v

unlocking device
pnnects the spacecraft and the launch vehicle togethetbefore separation and discon
etween the spacecraft and the launch vehicle at the time of separation

3.7
separation i
device that

3.8

separation §
assembly of
and spacecra

3.9
test article
spacecraft, s

Note 1 to entr
unit.

3.10
separation {
assembly of

mpulse device
ovides the energy to separate the spacecraft from the launch vehicle

ystem between launch vehicle and spacecraft
functionally related subsystem§ ahd/or units for the separation between launch v
ft

1ibsystem or unit omwhich a test is conducted

y: For this document the definition is extended to address also launch vehicle system, subsys

est unit
est‘articles which undergoes separation test

y and

chicle

nects

chicle

[em or

4 Symbols and abbreviated terms

CoG
LV
SC
SDOF
SRS

centre of gravity

launch vehicle

spacecraft

single degree of freedom
shock response spectrum

damping ratio
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General requirements

5.1 Purposes of separation testing

5.1.1 General

79:2023(E)

The separation testing is conducted for two types of purposes, which are verification purposes and
diagnostic purposes. A verification purpose is to verify conformity of characteristics of a separation
system between the LV and the SC (or between stages of a prototype LV model) with the specified
requirements. A diagnostic purpose is testing for physical system or operational design analysis.

5.1.2| Verification purposes

Verification purposes typically include:

a)

b)

c)
d)

—

terfaces, including mechanical and electrical interfaces (e.g. fit check), between the L
ap specified in ISO 14303:2002, Clauses 4 and 5;

tp measure the parameters of separation relative movement, such as separat
Cceleration, angular motion, separation displacement;

o8]

tp measure the separation clearances between the separating hardware;

td measure the separation characteristic action timingduring the separation process,
tp commence, time to clear.

5.1.3| Diagnostic purposes

Diagrlostic purposes typically include:

a)

b)

c)

d)
e)

top check and revise the separation.analysis computational model and basic assump
the separation analysis;

tp measure the shock levelsion the points that are relevant to the launch vehicle s

%)

tp test the separation-function of the device (e.g. mating and unlocking device)
pparation of structural elements;

(%)

tI test the distancing function provided by the separation impulse device;

(=g

test purposes demanded by the test requirements, such as flexible-body distortion
e relevant to the launch vehicle side or to the spacecraft side during the separation j

o8]

to verify the functionality and characteristics of the separation system design and compatibility of

V and the SC,

ion velocity,

such as time

[ions used in

ide or to the

bacecraft side, and to chéck’if the spacecraft is able to withstand the shock environmgent;

designed for

loads, which
rocess.

5.1.4 —Taileringguide

The purposes of separation testing in 5.1.2 and 5.1.3 may be tailored as the separation purposes can be
different for different projects or for different development stages.

5.2 General separation test process

5.2.1 General

The general separation test process flow is shown in Figure 1. The test process typically includes:

a)
b)

test documentation preparation and pre-test simulation;

test implementation;

© IS0 2023 - All rights reserved
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<)

test result data collection;

d) development and issuing of a test results assessment report.

5.2.2 Test

documentation preparation and pre-test simulation

The test documents, which include documents of test plan, test specification, test procedure as defined

in ISO 15864

:2021, 4.9, shall be prepared.

The test requirements for test articles, test facilities, test installation, preliminary adjustment of test
setup, measurement and data acquisition, as required in a separation test, shall be defined in the test

specificatio

documents

The docume
make sure th
process flow

Pre-test sim

documents ajnd support the making of the test procedure documentation.

5.2.3 Test

Test implem
follow-up act

5.2.4 Test

The test resy
and the meaf

5.2.5 Test

The test res

specified in $.9

If the test 1
documentati

If the testre

e documents conform to the test requirements. The test documentation review in th
shall be in line with the requirements of ISO 22137.

1lation, which is specified in 5.6, shall meet the requirements of the-test specifi

implementation

entation typically includes the following procedures: tést preparation, test exec
ivities after test, as illustrated in Annex E for a separation test.

results data collection

[1ts data collection shall meet both the test data requirements, which are specified
urement and data acquisition requirements;which are specified in Clause 9.

results evaluation

ults shall be evaluated to asséss whether the test results meet the test objectiy
9.

esults meet the test objectives, the test process may step into "Issue the test 1
pon" and end of the test process as shown in Figure 1.

If the failure is duete systems or interfaces design problems, the test should move to the s
“redesigh of the.relevant systems or interfaces between the LV and SC”, then move to the s

If the faijure is due to test procedure problems, the test should move to the step of “test proc

bults do not meet.the’'test objectives, a selection can be made between three ways to
g to the failures as shown in Figure 1.

)i

", and.proceed with the whole test process.

hts of test specification and test procedure should be reviewed by the relevaiit si(Iies to

e test

ration

ution,

n 5.4,

es as

eport

react

tep of
tep of

edure

documentation review” to figure out whether the test procedure documentation meet the test
requirements given in the test specification documentation, then move to next step as shown in

If the failure is due to test specification problems, the test should move to the step of “test

specification review” to figure out whether the test specification documentation meet the test
requirements given in the test plan documentation, then move to next step as shown in Figure 1.

correspondi
a)

“test pla
b)

Figure 1.
c)
4
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Test plan

!

Test specification
documentation

Failure due to
test specification
problems

Test specification
documentation review?

Pre-testsimutation

!

Test procedure
documentation

Failure due to
test procedure
problems

Test procedure
documentation review?

Redesign of the relevant
systems or interfaces

Test implementation

between LV and SC ¥
Fallur? due Test resultsdata collection
to design
problems ‘

Teést results evaluation

no no

Meet test objectives?
\‘yes/

Issue the test report
documentation

End

Figure 1 — General separation test process

5.3 |Testarticles under separation test

5.3.1 Specification of separation test unit

5.3.1.1 Acceptance test

The separation test unit for an acceptance test comprises the following test articles: a flight model or
proto-flight model of a separation system between launch vehicle and spacecraft, a flight model or
proto-flight model of a certain part of a spacecraft and a flight model or proto-flight model of a certain
part of a launch vehicle.

© IS0 2023 - All rights reserved 5
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5.3.1.2 Development test

In a development test between the SC and the LV, the separation test unit comprises the following test
articles: a prototype model of a separation system between launch vehicle and spacecraft, a mock-up of

a certain par

t of spacecraft and a mock-up of a certain part of a launch vehicle.

In a development test between stages of a prototype LV model, the separation test unit comprises the
following test articles: the mock-ups of two connecting launch vehicle stages and a prototype model of
the corresponding launch vehicle stages separation system.

5.3.2 Requirements for test articles

5.3.2.1 Te

Technical ch

5.3.2.2

The mechanical and electrical interfaces at the separation surfaces of the testdrficles shall be ide
le prototype model or the flight model, depending on different tést purposes as defifed in

to those of tH
5.3.1.

53.23 Su

Some parts ¢
interfere wit

5.3.2.4 Mg

The mass an
of the protot]
separation nj

5.3.2.5 Sp

The SC/LV 1
simplified re

The SC/LV f
should be su

While it is n

Inferfaces

Chnical characteristics

bstitutes

f test articles may be substituted by the mock-up parts when these mock-up parts g
h the purposes of the separation test.

ss and stiffness

1 stiffness characteristics of the separation parts of test articles shall be identical to

otion parameters of the test.

pcification of difference between the SC/LV mock-up model and the flight model

hock-up model should, be the structurally and/or physically similar items presen
production of a test.ebject of SC/LV or its part intended for test.

ight model or¢proto-flight model is dedicated to be launched and operated in orb
bjected to acceptance testing.

bt always\feasible to conduct full-scale mock-up tests, a reduced mock-up may be u

the separati
designed to

¥

eidentical to those of the prototype model or the flight model.

hiracteristics of the test articles shall conform to the test specification documentation.

ntical

lo not

those

ype model or the flight model, depending on different test purposes, when measuring the

[ing a

t and

ted in

n test-where relevant technical characteristics of the reduced mock-up model shoyld be

5.3.2.6 Markings

There shall be obvious marks on the test articles for the high-speed video shooting.

5.3.3 Technical safety requirements for test articles

5.3.3.1 Confirmation

The test article’s technical safety status shall be confirmed before test.

© IS0 2023 - All rights re

served
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2 Handling

79:2023(E)

The operators shall follow the relevant technical safety rules under the consideration of the
requirements of ISO 14620-1:2018, 8.3 in planning and executing the handling of the test articles, such
as hoisting, placement, transporting, installation.

5.3.3.

3 Grounding

The test articles shall be electrically grounded. IEC 62305-3 provides information on the ground

h during and

ration shock

), separation

bck response

resistance.

5.3.3[@ Safety protection

Therd shall be safety protection measures to protect the test articles from damaging)bot
after the process of the test.

5.4 |Datarequirements

5.4.1| Testdata

Depe(];ding on the purpose of the test campaign, separation movement data and/or sepd
response data, and/or the dedicated data by test requirements;shall be acquired.

5.4.2| Separation movement data

Separjation movement data shall include translational acceleration, separation velocit]
displacement, angular velocity, attitude angle of the'L.V test articles and the SC test articleg.
Separjation movement data may be measured directly or obtained by processing the measiired data.
5.4.3| Separation shock response data

Separ|jation shock response data shall include shock acceleration time history data and sh
spectfum data.

5.4.4| The dedicated data)by test requirements

The dedicated data tolbe acquired, such as flexible-body distortion loads, shall be specifie

requi

5.5

Timirx

Fements, as the.data can be different for different types of separation test.

Test tithihg and sequence

g dnd sequence shall be synchronized for every system involved in the test. Syn

accur

d by the test

chronization

acyshall be suitable to meet the test requirements.

5.6

5.6.1

Requirements for pre-test simulation

Purposes of pre-test simulation

Pre-test simulation shall:

a) evaluate kinematics of the test articles before the separation test;

b) determine the parameters of separation movement sensors, such as the measurements ranges,
accuracy. and the placement of the separation movement sensors;

c) determine the installation positions of high-speed cameras to get the most appropriate shooting
angle of field of view;

© IS0 2023 - All rights reserved
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d)
articles;
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determine the placement of test articles capture systems to secure the safe recovery of the test

validate the analytical method and basic assumptions used in the separation by cross checking

the results between ground tests and simulation; the validated method is then used to verify that
requirements are met under worst-case flight conditions.

5.6.2 Requirements for the simulation modelling

5.6.2.1 Computational model

The comput
process undée

5.6.2.2 Co

The coordin
express the s

5.6.2.3 Slg

The sloshing
evaluated be
shall be incly

itional model shall allow effective and reasonable simulation of the whole sepa
r consideration of the test requirements.

brdinate systems

hte systems for separation pre-test simulation shall be defined to bé)advantaged
eparation motion model in the simulation.

shing/flexibility effect

effect or the flexibility effect of the test articles during;the separation process sh|
fore the modelling of the test articles to decide if the sleshing effect or the flexibility
ded in the modelling.

5.6.2.4 Timing and sequence

The separati
separation tg

5.6.2.5

The initial cd

5.6.2.6 Bo

As far as pos
separation tq

5.6.2.7 Mg

The main m{
shall be set t

5.6.2.8 Ge

bn timing and sequence shall be set to duplicdte the separation timing and sequence
st.

Initial conditions

nditions shall be set to duplicate the initial conditions of the separation test.

undary conditions

sible, the main boudary conditions modelling (e.g. constraint, contact) shall duplica
st boundary conditions.

ss characteristics

iss characteristics (e.g. mass, CoG location, moment of inertia) of the test articles nj
b duplicate the main mass characteristics of the physical test articles as far as possib

Fation

us to

all be
effect

of the

fte the

odels
e.

ometrical characteristics

The main geometry characteristics of the models shall conform to the main geometry characteristics
of the real test articles in the scenario of measuring the separation clearances between the separating

models or in

other proper scenarios.

5.6.2.9 Separation impulse

As far as possible, the modelling of separation impulses shall duplicate the separation impulses in the
separation test.
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5.6.3 Requirements for the simulation solver

The settings of optional parameters for the simulation solver, such as integrator type, simulation time
length, integral step size, integral accuracy, shall meet the simulation requirements.

5.6.4 Requirements for the simulation results
The simulation results shall include:
a) attitude angle of separation articles over time during the separation process;

b) attitude angular velocity of separation articles over time during the separation process;

c) critical clearance between separation articles over time during the separation procesy;
d) relative distance between separation articles over time during the separation,process
e) relative velocity between separation articles over time during the separation process.

The requirements for the simulation results may be tailored as the separation test purposes can be
different for different projects or for different development stages.

5.6.5| Validation of the simulation results
The vilidation of the simulation results shall include:

bmparison of the results between separation test and the simulation method;

&
(@)

b) cpmparison of the results between different simulation methods.

5.7 [Requirements for test environment

The fest environment shall be specified'in line with requirements of the test, usually including
tempe¢rature, atmosphere pressure, rélative humidity, cleanliness and other requirements

5.8 |Exception handling

5.8.1| Testinterruption

If any]| of the following Situations appears, the test shall be interrupted:
a) test equipment failure;

b) the techmical requirements are not met;

c) testarticles failure.

5.8.2 Interruption handling

The requirements for retest in ISO 15864:2021, 4.8 shall be considered for the interruption handling.

5.9 Testresults assessment

There shall be an assessment for the completeness, validity and correctness of test execution, test
results and data measured during the separation test with respect to the test objectives.

5.10 Test documentation

As defined in ISO 15864:2021, 4.9, the test documentation shall include a test plan, a test specification,
test procedures, test data, a test report and test logs
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The test documentation may be tailored to fulfil the objectives of test.

6 Test facilities

6.1 General

Test facilities typically include control instrumentation, measurement instrumentation and equipment
and testing fixture.

6.2 Calibration requirements

Control and

under consideration of ISO 15864:2021, 4.10.3.

6.3 Contr

The main fu
send release
mechanism

typically inc
devices ignit

6.3.1 Requirements for electrical power source

The output
requirement

6.3.2 Requirements for hold-down/release mechanism controller and connection cables

6.3.2.1 Fu

The hold-do
controlling.

6.3.2.2 Re

The timing re¢
and shall be

6.3.2.3 Timing set

The timing s

neasurement instrumentation as specified in 6.3 and 6.4 shall be calibrated petiod

pl instrumentation requirements

nction of control instrumentation and equipment is, in line with )the test timij
instructions (e.g. pyrotechnic devices ignition instructions) to.the hold-down/r¢

ude: electrical power source, hold-down/release mechanism controller (e.g. pyrote
jon controller) and connection cables.

power, electric current and voltage of the eléctrical source shall conform to th
5.

hction

wn/release mechanism controller shall allow hold-down/release mechanism t

solution

psolution for the-haeld-down/release mechanism controller shall meet the test requirel
ndicated.

bt-shall conform to the test requirements.

ically

hg, to
blease

controller to start the separation movement. Control instrumientation and equipment

chnic

b test

iming

nents

6.3.2.4 Self-locking

The controller shall be capable of self-locking to prevent incorrect operation.

6.3.2.5 Control channels and electrical properties

The amount of control channels and their electrical properties shall meet the test requirements.

6.3.2.6

Interfaces

The connectors and pin assignment of the connection cables and the length of the cables shall meet the
test requirements.

10
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6.4 Measurement instrumentation and equipment requirements

6.4.1 General
Measurement instrumentation and equipment typically includes:
a) accelerometer for translational motion measurement;

b) high-speed video camera, which is used for separation movement recording and kinematics
evaluation;

c) which i

d) timing measurement system, which is used to measure the separation action tithing during the
separation process, such as pyrotechnic devices ignition time, separation time to*commence;

e) optical displacement measurement system, whichis usually used for the displacement mheasurement
during the separation test;

f) shock measurement system, which is used for the shock response nieasurement.

As fatf as possible, a commonality should be found between ground tésts sensors and flightjtest sensors,
to allpw:

|
Q

bmplementary qualification of flight tests sensors withrground tests;

— lgw bias transposition between ground and flight conditions.
6.4.2| Requirements for accelerometer for translational motion measurement

6.4.2/]1 Measurement accuracy

The tyanslational acceleration measureiment error of the accelerometer shall meet the test jequirements
and shall be indicated.

6.4.2]2 Measurement range

The nmpeasurement range of the accelerometer shall conform to the test requirements.

6.4.213 Sensitivity

The snsitivity ofithe accelerometer shall conform to the test requirements.

6.4.2{4  Adaptability

The adaptability of the test environment shall conform to the test requirements.

6.4.3 Requirements for high-speed video camera

6.4.3.1 Frame rate

The frame rate of the high-speed video camera shall conform to the test requirements and shall be
indicated.

6.4.3.2 Resolution

The resolution of the high-speed video camera shall conform to the test requirements.
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6.4.3.3

Image processing

The capability of the image processing shall conform to the test requirements.

6.4.3.4 Storage space

The cache memory for the high-speed video camera shall have enough storage space to record the
whole separation test process time with suitable margin.

6.4.4 Requirements for rate gyroscope

6.4.4.1 Mse

The angular
and shall be

6.4.4.2 Msed

The measure

6.4.4.3 Re

The resonan

6.4.4.4 Adhptability

The adaptab

6.4.5 Requirements for timing measurement system

6.4.5.1 Fu

The time me

6.4.5.2 Anti-interference

The capacit
requirement

6.4.5.3 Md

The measurd

asurement accuracy

velocity measurement error of the rate gyroscope shall conform to the test nequirel
ndicated.

asurement range

ment range of the rate gyroscope shall conform to the test requirements.

sonance frequency

Ce frequency of the rate gyroscope shall conform to the\test requirements.

lity of the test environment shall conform to.the test requirements.

hctional constraints

hsurement system shall notaffect the separation movement during the separation pr

y of anti-interference of the time measurement system shall conform to the
5.

asurement accuracy

menfprecision shall conform to the test requirement.

nents

pCess.

test

6.4.6 Req

iTements for opticat displacenent measurenent systent

6.4.6.1 Measurement resolution

The optical displacement measurement system shall have sufficient measurement resolution to meet

the test requ
a)

irements, and then, based on the results, to estimate the following:

real-time drift of the control unit mounting locations;

b) final drift of the control unit mounting locations, as well as drift of optical axes of electric optical

payload

12

(star trackers, electric optical special-purpose equipment).
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6.4.6.2 Field of view

The angle of field of view of the optical displacement measurement system shall conform to the test
requirements.

6.4.6.3 Measurement frequency

The measurement frequency of the optical displacement measurement system shall conform to the test
requirements.

6.4.7 Requirements for shock measurement system

6.4.7]1 General

The dquipment for shock measurement typically includes accelerometers for shock measurement, a
signa| conditioner and a data acquisition and processing system.

The sfignal conditioner is the signal processing device between sensors @nd the data acquisition and
processing system.

The data acquisition and processing system acquires the real-time-test data, and processes the test
data in real time or after the test.

6.4.7)2 Requirements for shock accelerometer

6.4.7]2.1 Selection requirements

The shock accelerometer shall be selected in acce¥dance with the requirements of the test

6.4.7)2.2 Function

The shock accelerometer shall be capable of meeting the test requirements with sufficient mheasurement
resolyition, measurement range, frequency range and lighter weight to mitigate influence of addition
mass

6.4.7]2.3 Sensitivity
The shock accelerometej shall:
a) b capable of fme€ting the test requirements with sufficient sensitivity and lower background noise;

b) be capable/of meeting the test requirements with minute transverse sensitivity; the lateral
sensitiyity and the transverse sensitivity shall be indicated.

> A Is Ly £ - |
6.4’.7.‘-.‘1‘ LIITAIITY Ul AIIIpgIituuc

The linearity of amplitude shall conform to the test requirements.

6.4.7.2.5 Flatness of frequency response

The flatness of frequency response shall conform to the test requirements.

6.4.7.3 Requirements for signal conditioner

The measurement range and frequency range shall meet measurement requirements. The following
main technical characteristics shall be indicated:

a) frequency range;
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b) amplification gain;

<)

flatness of frequency response.

6.4.7.4 Requirements for data acquisition and processing system

6.4.7.4.1 Analogue signal processing

To avoid signals frequency aliasing, the analogue signals shall be processed by the low-pass filter before
the analogue-to-digital conversion. The low-pass cut-off frequency of the low-pass filter shall be the
upper-limit analysed frequency.

6.4.74.2 A

The attenuat
shall be indiq

6.4.7.4.3 Linear phase shift

To avoid sig
analysed fre

6.4.744 A

The phase di
shall be indigq

fference error and the band-pass flatness error shall conform to the test requirement

ttenuation

ion outside of the low-pass cut-off frequency shall conform to the test requirément
ated.

hals distortion, the low-pass filter shall have the function of\linear phase shift i
Juency band.

ccuracy

ated.

6.4.7.4.5

To ensure t
shall be indigq

6.4.7.4.6 (

To ensure the enough effective digital’bits after the analogue-to-digital conversion, the numl

coding for th
6.5 Testin

6.5.1 Geng

The testing f
includes a te

I

mpling rate

signals analysis accuracy, the sampling rate shall conform to the test requirement
ated.

oding

e analogue-to-digitalconversion shall meet the test requirements and shall be indicq
g fixture requirements

bral

ixtureris used to lift, hang, release and recover test articles. The testing fixture tyql
st-scaffolding, an angular rotation mechanism, a release mechanism between test fj

and test arti

tlae and tact articlac cantiva cuctamec
e S

CIC S, O tC ot TOTr CrieIC o T ptrv C O y O tT oY

6.5.2 Requirements for the test scaffolding

6.5.2.1 Dimensions

s and

n the

s and

s and

ber of
ted.

ically
xture

The size of the test scaffolding shall conform to the requirements of the test article assembly, lifting and
hanging, and the separation movement space.

6.5.2.2 Strength and stiffness

The test scaffolding shall have sufficient strength and stiffness to support test articles and to withstand
the static and dynamic load triggered by the separation of test articles.

14
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The angular rotation mechanism, which typically includes a spin mechanism and a swing mechanism,
is used to produce the angular rotation movement of the test articles at the beginning of the separation

test.

The angular rotation mechanism shall conform to the test requirements for establishing the specified
initial conditions of the separation.

6.5.4 Requirements for the release mechanism between test fixture and test articles

6.5.4

Ther

6.5.4

1 General

blease mechanism is intended to hold and release the test articles.

2 Load capability

The miaximum load capability shall conform to the test requirements and Shall be indicate

6.5.4

The f
separ

6.5.5

6.5.5

The t¢
the sqg

3 Function

inction of lifting and releasing shall be reliable and haveiasless interference as po
ation movement.

Test article capture system requirements

1 General

st article capture system is intended to emsure the safe recovery of test articles in ord
parated parts from collision duringtheseparation test and to protect the test articlg

damaged if unexpected detriments occurduring the test.

The t
syste

6.5.5
The y

est article capture system typically includes an upper recovery system and a loy
m.

2 Upper recovery/system

pper recovery system is intended to safely recover the upper separation part of th

test upnit. The upper‘reécovery system shall:

a) h
4
b) k

ave enoughybuffer capability for the safe recovery of the upper separation part of th
pst unit;

pep the whole separation movement undisturbed and unconstrained.

ssible on the

er to prevent
s from being

Ver recovery

e separation

e separation

6.5.5.

3 Lower recovery system

The lower recovery system is intended to safely recover the lower separation part of the separation test
unit. The lower recovery system shall:

a) have enough buffer capability for the safe recovery of the lower separation part of the separation
test unit;

b) keep the whole separation movement undisturbed and unconstrained.

© IS0 2023 - All rights reserved
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6.6 Technical safety requirements for test facilities

6.6.1 Consolidation and support of test scaffolding

The test scaffolding shall be fixed up securely and reliably to prevent waggling or collapsing.

6.6.2 Confirmation of safety status of test facilities

a) The testing fixture’s technical safety status, such as load capability, grounding connection, status
of fastening between units of the testing fixture, shall be confirmed before the test.

b) The techmical safety status of control and MeasuTrement mstrumentation as speciffed iTm 63 and
6.4, such as electrical power load, cable, grounding connection, shall be confirmed beforesthe|test.

6.6.3 Test|area

The test arep shall be equipped with related safety devices, such as caution sigi;ysafety fence and
electrostatic|discharger.

7 Test inktallation

7.1 Genernal

The test instpllation usually includes the test articles installation, the sensors installation and the/high-
speed video famera installation.

7.2 Test articles installation requirements

7.2.1 Installation process

The test arti¢les installation shall be in line with the related test documents.

7.2.2 Fungtional constraints

The cables gnd any other attachments connecting to the test articles shall not generate additional
restriction of noise and shall ngtaffect the separation movement of the test article.

7.3 Sensors installation requirements

7.3.1 Accelerometers for translational motion measurement installation requirements

7.3.1.1 Installation location

The accelerometers for translational motion measurement shall be installed in places where the
movement of the mass centre of the test article can be best represented.

7.3.1.2 Installation orientation

The sensitive axes of the accelerometers shall be placed according to the directions in line with the test
requirements.

7.3.1.3 Electrical insulation

In the case accelerometers are used that are not electrically insulated, electrical insulation measures
shall be taken to provide adequate insulation between the accelerometers and the test structure when
mounting the accelerometers to the test structure.
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7.3.1.4 Functional constrains

The installation of the sensors and attached cables routing of the sensors shall neither impose additional
restrictions on the separation test unit, nor modify the response characteristics of the test articles.

7.3.2 Rate gyroscopes installation requirements

7.3.2.1 Installation orientation

Sensitive axes of the rate gyroscope shall be placed according to the directions in line with the test
requirements.

7.3.212 Electrical insulation

In thq case rate gyroscopes are used that are not electrically insulated, electricabinsulation measures
shall pe taken to provide adequate insulation between the rate gyroscopes and.the test stijucture when
mounting the rate gyroscopes to the test structure.

7.3.213 Functional constraints

The installation of the sensors and attached cables routing of the sénsors shall neither impdse additional
restrictions on the separation test unit, nor modify the response.characteristics of the tesf articles.

7.3.3| shock accelerometers installation requirements

7.3.3]1 Installation orientation

The shock accelerometers shall be placed in ling ' with the test requirements; and the senfitive axes of
the shock accelerometers shall be placed acedrding to the directions in line with the test r¢quirements.

7.3.3]2 Installation location

The nmpinimum distance between the shock source and the shock accelerometers shall be infline with the
test requirements.

7.3.3{3 Mounting type

The nmpounting type of.the shock accelerometers shall meet the frequency range requiremepts.

7.3.3/4 Electrical insulation

In th¢ case~shock accelerometers are used that are not electrically insulated, electricpl insulation
measpires'shall be taken to provide adequate insulation between the shock accelerometers and the test

Struc Hurée when mountina the accolorameterc to the tect structurae
o e e Ot e 5t e e e O e e 50—+t tE> Ot ta e

7.3.3.5 Functional constraints

The installation of the sensors and attached cables routing of the sensors shall neither impose additional
restrictions on the separation test unit, nor modify the response characteristics of the test articles.

7.4 High-speed video camera installation requirements

7.4.1 Camera arrangement

The number and placement of the high-speed video cameras shall meet the test requirements of test
articles movement measurement.
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Installation location

The high-speed video cameras shall be installed in a safe place and put into places where the details of
the separation movements can be shot.

7.4.3

Purpose

The cameras installed on the test articles shall shoot the special separation movements of the test

articles.

7.4.4 Luminance

The luminan
7.5 Techn

7.5.1 Trai

The personn
consideratio

7.5.2 Wor
When worki
and safety bg
8 Requir

The purpose
involved in t

ce for the high-speed video cameras shall meet the test requirements.
ical safety requirements for test installation

hing and qualification

el responsible for the test installation shall be technically trained\and qualified und
h of ISO 14620-1:2018, 4.8 before the test installation.

king high above the ground

hg high above the ground, the related safety equiprient such as ladder, working pla
1t, shall be used.

ements for the preliminary adjustment of the test setup

of the preliminary adjustment of the*test setup is to coordinate and check the sy
he test setup to work properly to meetthe test requirements prior to the actual sepa

test. Mass dyimmy units which feature the same mass and inertia characteristics as those of th

articles may

The prelimin

be used in the preliminary adjustment of the test setup.

ary adjustment should be performed in order to:

er the

tform

stems
Fation
e test

e are

pf the

a) identify [any inconsistencies (in) the systems involved in the test setup, for example, if the
problems in the lifting, rotating and separation of the test articles;

b) testand|coordinate thé.separation timing;

c) adjust the bufferscapability of the test articles captive systems to secure the safe recovery
test artigles;

d) testand|check the safe measures of the separation test to meet the test requirements.

9 Measurement and data acquisition requirements

9.1 General

The purpose of test measurement and test data acquisition is to measure, record and process the test
data produced during the separation test.

18
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Acquisition and processing requirements for the dedicated data by test

requirements

The following aspects shall be specified:

a) measurementand/or processing methods;

b) measurement quality or measurement uncertainty range;
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c) dataformat.

9.3 Arqnicitinn and prnrpccing rpn_nirpmpnfc for cppnrafinn maovement data
9.3.1| Noise reduction

All measurement data shall be processed through noise reduction processing) typically
pass processing.

9.3.2| Data format

Separjation movement data should be provided both in tabular form and in plots.

9.4 |Acquisition and processing requirements for shock response data

9.4.1| Shock response data

The data sampled and processed by the data acquisition and processing systems shall incly
shocK process.

9.4.2| Detection of anomalies

The shock signal shall be evaluated (€.g) visual inspection for errors in the data sampled
from [sampled acceleration signal, to. velocity signal for further check) to detect and i
anomplous data.

9.4.3| Processing requirements

As fart as possible, the Shock data shall be forced to yield a net velocity change of zero from t
to thq end of the trangient before the SRS calculation is performed. The trend term in the
eliminated.

9.4.4| SRS yvalues

As thg ‘@bsolute acceleration is the most commonly used response parameter for calcula

through low

de the whole

I integration
validate the

he beginning
data shall be

ting the SRS,

the SRS values shall be the maximum acceleration responses of the oscillators at any time in either
direction (maximum SRS) with a specific value of damping, usually defined in terms of a damping ratio,
¢, or a quality factor, Q = 1/(2{), typically ¢ = 0,05 or Q = 10. The damping ratio, ¢, is the same damping
ratio assumed in a series of single-degree-of-freedom (SDOF) systems, each of which has a different

reson

9.4.5

ance frequency, for the SRS calculation.

Time data format

As a minimum, shock acceleration time data shall be provided in tabular form indicating the maximum

levels
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9.4.6 Shockresponse spectrum

9.4.6.1 Data format

The shock response spectrum shall be processed in plots and in tabular form if requested.

9.4.6.2 Plot format
The plot should be displayed in logarithmic scale with:

a) the abscissa showing frequency in hertz;

b) the ordiIate showing SRS in g or meter per second squared for different scenarios;
c) the frequiency interval no greater than 1/6 octave.

There should be no need to apply window function for the shock signal processing.
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Annex A
(informative)

Overview and interdependencies of test methods

A.1 Overview of test methods

For different separation test objectives, there exist different separation test methods. Ustally there are
three[common separation test methods:

a) cpmbined separation test;
b) imdividual-falling separation test;
c) hprizontal separation test.

The t¢st methods are described in Annex B, Annex C and Annex D respectively; the test implementation
is described in Annex E.

A.2 |Scenarios for the application of combined separation test

The dombined separation test method can be performed for development testing primarily for the
prototype SC model and/or the prototype LV model'Separation verification and/or diagnogtic.

The test approximates the boundary condition of interfaces to be the unconstraingd ‘free-free’
bounglary condition with zero-gravity effect-or no acceleration conditions at the time of separation.
The cpmbined separation test method is @ble to simulate the separation situation on orbitf A combined
separption test can be performed for allythe purposesin 5.1.

A.3 [Scenarios for the application of individual falling separation test

The individual falling separation test method can be performed for development testing, or for
accepftance testing of thie prototype model or the flight model.

The tpst method features that test articles are hanged vertically at the beginning of the est and that
effectls of the grayity on the movement of separation exist during the test.

The individtal falling separation test method can be performed for the separation verifidation and/or
diagnjostic With main purposes of fit-check and shock-response-level confirmation.

Oitabie theore cparation anaty OIMpULa

By using

s 2 T2 2VF ng separation
tests can also be performed for the kinematics evaluation.

A.4 Scenarios for the application of horizontal separation test

The horizontal separation test method can be performed for development testing primarily for the
purpose of separation verification and/or diagnostic for the prototype SC model and/or the prototype
LV model, and is a basic way of doing separation test, which requires relatively less sophisticated
facilities than those for the combined separation test.

The test method features that test articles are held horizontally at the beginning of the test and that
minute effects of the gravity on the movement of separation exist during the test. On condition of tiny
effects on the test articles separation movement with the constraints of suspension slings, the test can
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be performed to measure the parameters of the separation movement between test articles, such as the
separation velocity, acceleration, and angular motion, as well as for the other purposesin 5.1.

A.5 Kinematics evaluation by individual falling separation test

When combined separation tests and horizontal separation tests are not possible to be performed
(e.g. if they need a too large test facility), individual falling separation tests can be performed with the
secondary objective of kinematics evaluation.

In that case, individual falling ground tests can be performed using instrumentation associated to
kinematics, such as tachometers.

To cross chgck theoretical kinematics model with ground test results, the following twa ty];|>es of
parameters ¢an be compared:

a) pseudo-measurements (e.g. falling body angular rates) coming from the theoretical’'model funed
with 1 glacceleration communicated to the falling body;

b) measurdments coming from ground test sensors (e.g. angular rates coming from tachonpeters
positiongd on the falling body); measurements are limited by their measurement range.
A.6 Respective effect of unlocking device and separatien-impulse device

To evaluate the respective effect of unlocking device and separation impulse device, individual flalling
separation tgsts can be undertaken in the following two configurations:

a) with unlEcking device and without separation impulse device;

b) with unlpcking device and with separation impulseidevice.
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Annex B
(informative)

Combined separation test

Test purposes

The test purposes are defined in 5.1.

The test procedures may be tailored to conform to the test purposes, as the tést purj
differjent for different projects or for different development stages.

B.2

The test set-up typically consists of a spin mechanism for spin mevement (optional),
mechpnism for the dropping of the test articles, the upper recovety system for the safe re
test aticles, the separation test unit, a test scaffold, the lowersecovery system for the saf

the tg

Figurg B.1 and Figure B.2.

Test set-up

st articles and a swing mechanism for the angular rotation movement (optional), as

Key
S
I

pin mechanism for spin movement

boses can be

he releasing
covery of the
e recovery of
llustrated in

pleasing device for the dropping of the test articles

N O U1 W

upper recovery system for the safe recovery of the test articles
separation test unit

separation plane

test scaffold
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Figure B.1 — Test configuration (with rotation mechanism)
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Figure B.2 — Test configuration (with swing mechanism)

nethod

be used to check.the separation process between the spacecraft and the launch ve
pn test unit subject to separation can be coupled before it is hung. Before the test a1
fo the separation test unit, each test article, subject to separation, must be weighe
 and its actwal moments of inertia can be defined.

yement;(optional) and swing angular rotation movement (optional) of the separatio

unit can be produced by the spin mechanism and swing mechanism respectively.
l Hoptiomat-amd-for : ] : : Hoptiomat-bf the

When the spi

hicle.
ticles
d and

n test

separation test unit meet the test requirements, the separation test unit is released from a proper
height. Then the combination is in the state of zero gravity. During the state of zero gravity, the
separation system acts in timing and test articles are separated from each other by the action of the
separation impulse device.

The measurement system can acquire the test data meeting the requirements of 5.4 and Clause 9.
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Individual falling separation test
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g) t
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(%)

By us
also b

The
diffen
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The t
used

st purposes typically include:

verify the functionality and characteristics of the separation system design.ahd compatibility of

terfaces, including mechanical and electrical interfaces;

measure the explosive-ordnance shock levels on the points that are‘televant to 1z
spacecraft side, and to check if the spacecraft can withstand the’ explosive-ord
vironment;

test the separation function of the device designed for sepatation of structural elen
test the distancing function provided by the separatioiiximpulse device;

measure the separation characteristic action timing'during the separation process,
commence, time to clear;

check and revise the separation analysis cemputational model and basic assump

measure the other dedicated data‘demanded by the test requirements, such
pdy distortion loads, which are relévant to launch vehicle side or to spacecraft sid
pparation process.

ing theoretical separation analysis computational model, individual falling separat
e used for the kinematics\evaluation.

est procedures may(be tailored to conform to the test purposes, as the test purj
ent for different projects or for different development stages.
Test set-up

est set*up typically includes a crane which is used to hang the test articles, a lifting s
o lift the test articles, the separation test unit, and the lower recovery system for the {

unch side or
nance shock

ents;

such as time

[ions used in

as flexible-
e during the

jon tests can

boses can be

ling which is
aferecovery

of the

falling test article, as illustrated in Figure C.1.
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Figure C.1 — Test configuration

nethod

st in line with the test requirements using the flight/prototype model interfaces bef
eLV.

pn test unit subject to separation can be coupled before it is lifted. Before the test a1
fo the separation-feSt unit, each test article, subject to separation, must be weighe
and its actualimoments of inertia can be defined.

st begins, the separation system acts in timing and the falling test article is sep3
hbination either by the combined action of the separation impulse device and the g
test afticle or by the only action of the gravity of the falling test article, depending
5 ofthe test.

be used to check that either SC'parts or LV parts drop from the combination during the

ween

ticles
d and

rated
ravity
n the

t, the

mating and unlocking device, such as a clamp- band typlcally, is used to comblne the spacecraft and
the adapter together. The combination of the spacecraft and the adapter is lifted up to a proper height
and right place. When the test commences, the hold-down/release mechanism releases the mating and
unlocking device (e.g. the separation pyrotechnic devices are fired), the adapter then is separated from
the spacecraft.

The measurement system can acquire the test data meeting the requirements of 5.4 and Clause 9.
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