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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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Foreword

[SO (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 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 accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed /patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principlesin 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 space vehicles, Subcommittee
SC 14, Space systems and operations.

This second edition cancels and replaces the first edition (ISO 19683:2017), which has been technically
revised.

The main changes are as follows:

— Updated terms and definitions,

— Added sub-clause 5.10 on testing of constellation satellite program,
— Added a clause 8 on constellation tests,

— Updated clause 9 on test requirements,

— Updated Annex C.

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

There is an increasing demand for small/micro/nano/pico satellite development and utilization worldwide;
yet, there is no clear and globally accepted definition of what is considered “small”, “micro”, “nano” or “pico”
satellites. These satellites are often built with emphasis on low cost and fast delivery. They are characterized
by extensive use of non-space-qualified commercial-off-the-shelf (COTS) units. For the sake of convenience,

the term “small spacecraft” is used throughout this document as a generic term to refer to these satellites.

A small spacecraft is a satellite that utilizes non-traditional risk-taking development and management
approaches to achieve low cost and fast delivery with a small number of team. To achieve these two points,
low cost and fast delivery, satellite design relies on the use of non-space-qualified commercial-off-the-shelf
(COTS) units, making satellite size inherently smaller. The design accepts a certain level of risk associated
with the use of COTS.

A certain set of tests is necessary to ensure the mission success of small spacecraft. Applying the same test
requirements and methods as those applied to traditional large/medium satellites, however, will nullify the
low-cost and fast-delivery advantages possessed by small spacecraft.

This document is meant to improve the reliability of small spacecraft, especially those with commercial
purpose, while maintaining the low-cost and fast-delivery nature of small spacecraft. This document intends
to promote worldwide trade of small spacecraft products by providing a minimum level of assurance that
a product made of non-space-qualified commercial-off-the-shelf parts and units can work in space. This
document also aims to serve as a testing guideline for those who intend to enter satellite manufacturing
through development of small spacecraft products.

Documents
© IS0 2025 - All rights reserved Document Sharing Hub
viii
Full document details: 25/30489601DC


http://www.avadocuments.com/doc/25-30489601-dc
http://www.avadocuments.com/doc/25-30489601-dc

DRAFT International Standard ISO/DIS 19683:2025(en)

Space systems — Design qualification and acceptance tests of
small spacecraft and units

1 Scope

This document provides test methods and test requirements for design qualification and/or acceptance of
small spacecraft or units. It provides the minimum test requirements and test methods to qualify the design
and manufacturing methods of commercial small spacecraft and their units and to accept the final products.

This document places emphasis on achieving reliability against infant mortality after satellite launch to
orbit while maintaining low cost and fast delivery.

This document is applied to satellites whose development methods are different from the ones used for
traditional satellites that have little room for risk tolerance, as shown in Figure 1. The scope of this document
encompasses different categories of small spacecraft, so-called mini-, micro, nano-, pico- and femto-, as well
as CubeSat, spacecraft. Therefore, for the sake of convenience, the term “small spacecraft” is used throughout
this document as a generic term.

This document includes CubeSat, as long as it is developed with the untraditional processes.

Large ize Pico

Traditional system
development cycle

processes

Untraditional system
development cycle processes
for low-cost and fast-delivery

spacecraft

Figure 1 — Applicability of this document

This document does not cover satellite deployment mechanisms, such as POD, as the verification
requirements are defined in the Interface Control Document (ICD) with the launcher, such as [SO 26869.

This document does not cover software testing, although some tests such as functional test, mission test and end-
to-end test are inherently used to test the software installed in the hardware being tested. General requirements
and processes of satellite software testing can be found in various references, such as ECSS-E-ST40.

This document does not cover requirements regarding safety nor debris mitigation. Appropriate documents
such as [[SO 14620-1 or ISO 24113 can be referred to. Other common requirements for small spacecraft can
be found in Reference [14].
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2 Normative references

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

[SO 11221:2011, Space systems — Space solar panels — Spacecraft charging induced electrostatic discharge
test methods

ISO 14302:2022, Space systems — Electromagnetic compatibility requirements

[SO 15864:2021, Space systems — General test methods for spacecraft, subsystems and units
[SO 17566:2011, Space systems — General test documentation

[SO 17770:2017, Space systems — Cube satellites (CubeSats)

ISO/TS 20991:2018, Space systems — Requirements for small spacecraft

ISO 24411:2022, Space systems — Micro-vibration testing

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1

1U CubeSat

single Cubesat

satellite measuring 100 mm x 100 mm x 113,5 mm and weighing 1,33 kg or less

Note 1 to entry: For the exact external dimension, see ISO 17770

3.2

3U CubeSat

triple Cubesat

satellite measuring 100 mm x 100 mm x 340,5 mm and weighing 4,00 kg or less

Note 1 to entry: For the exact external dimension, see ISO 17770

3.3
CubeSat
picosatellite measuring 100 mm cubic and weighting 1,33 kg or less

[SOURCE: I1SO 17770:2017, 3.1, modified — Note 1 to entry has been removed.]

3.4

CubeSat form factor

volume unit measuring 100 mm x 100 mm x 100 mm expressed by “U” to describe the volume of each
CubeSat. Many form factors exist such as 1U, 2U, 3U, 6U, 8U, 12U, 16U, 27U and so on.

3.5

flat-sat

table-sat

configuration where only units (3.4), sometimes bare circuit boards only, are laid out in atmosphere on a
table while not being mounted to the satellite structure
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3.6

flight model

spacecraft, subsystem or unit (3.4) model dedicated to being launched and operated in orbit and subjected to
acceptance testing

3.7

formation flight

Multiple satellites flying in close proximity and operated under precise coordination and control to achieve a
specific mission by maintaining relative positions. Typically, all the satellites are deployed at the same time.

3.8

pathfinder

Satellites launched before the full deployment of constellation satellites to validate the satellite missions and
verify the satellite design in orbit.

39
POD
box housing CubeSats (3.7, 3.8) during launch

3.10

satellite constellation

A group of satellites with mostly the same design working together in coordination to achieve specific
missions. After pathfinder missions, the satellites may be deployed in several stages with incremental
improvements of the satellite design.

3.11

satellite fleet

A group of satellites operated together to achieve specific missions. The satellite designs are not necessarily
the same.

3.12

satellite production batch

A group of satellites with the same design produced with the same process at the same time. The units
contained in the satellites share the same design. Referred as “batch” in this document.

3.13

satellite swarm

A group of satellites deployed simultaneously or in close succession to achieve a specific mission through
dynamic interaction among the satellites taking advantage of having a large number of satellites.

3.14
test article
spacecraft, subsystem or or unit (3.4) on which a test is conducted

3.15

unit

lowest level of hardware assembly that works with specified complex electrical, thermal and/or mechanical
functions

4 Abbreviated terms

AT Acceptance test

COTS Commercial-off-the-self

CVCM Collected volatile condensable materials
EMC Electromagnetic compatibility

EMI Electromagnetic interference
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ESD
ESS
EED
EM
EMC
FM
FMEA
FMECA
IC

ICD
LEO
MEMS
MMA
PFT
PFM
QM
QT
QCM
RF
PSD
SAA
SE
SEE
SRS
SSO
STM
TID
TML

ISO/DIS 19683:2025(en)

Electrostatic discharge
Environment stress screening
Electroexplosive devices
Engineering model
Electromagnetic compatibility
Flight model

Failure Mode and Effects Analysis
Failure Mode, Effects, and Criticality Analysis
Integrated circuit

Interface control document

Low Earth Orbit

Micro Electro Mechanical Systems
Moving mechanical assembly
Proto-flight test

Proto-flight model

Qualification model

Qualification test

Quartz Crystal Microbalance
Radio frequency

Power spectral density

South Atlantic Anomaly

Single event

Single event effect

Shock response spectrum

Sun synchronous orbit

Structural thermal model

Total ionization dose

Total mass loss
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5 General requirements

5.1 Tailoring

Specifications described in this document are tailorable upon agreement between the customer, the
manufacturer and the launch provider. Annex A provides tailoring and waiver guides of test requirements.

5.2 Qualification test

For satellite system level qualification tests, there is little difference between small spacecraft and traditional
satellite qualification tests in terms of objectives and requirements. Qualification tests demonstrate that
items meet design requirements and include proper margin. Qualification tests can serve as good practice
for personnel who are inexperienced in testing toward acceptance tests to be carried out later. If the same
design is used for many satellites, such as satellites of a constellation program, the qualification tests are
not necessary except for the first satellite. ISO 15864:2021, 4.4 provides additional requirements for system
qualification test.

Unit level qualification tests dealt in this document is different from those done for traditional satellites.
The unit QT in this document provides a minimum guarantee that a given unit sold as “a satellite unit” has
a certain level of tolerance against the space environment. Therefore, the unit QT in this document does not
include proper margin against the maximum predicted environment stress, which depends on each satellite.
This document provides numeric values for the test level and duration of unit QTs as much as possible with
their rationale given in Annex B. The satellite developers who purchase the COTS-unit tested according to
this document shall make consistent decisions about how to obtain the margin. The satellite developers may
purchase a dedicated test model in addition to the flight model and carry out another QT with the margin.
They may carry out PFT using a flight model or only AT taking the risk of little margin. The satellite developer
shall provide the test levels and duration of the additional QT, AT or PFT. See C.1 for additional note.

5.3 Acceptance test

There is little difference in terms of objectives and requirements of acceptance tests between small
spacecraft and traditional satellites. ISO 15864:2021, 4.5 provides requirements for acceptance test.

5.4 Proto-flight test

There is little difference in terms of objectives and requirements of proto-flight tests between small
spacecraft and traditional satellites. ISO 15864:2021, 4.6 provides requirements for proto-flight test.

5.5 Retest

Situations that may require retest are described in ISO 15864:2021, 4.8.

5.6 Testdocumentation

In order to minimize program cost, the amount of paper work should be reduced as much as possible. The
documents used inside the developing organization can only be simplified considering the small size of the
team. At the same time, however, the test documentation shall be detailed enough to ensure traceability
from the later stages of satellite development or operation. The importance of the test procedure document
should not be underestimated, as well-prepared tests will eventually save both time and money.

For the unit QT, the test documentation shall provide the important information necessary to prove that the

COTS-based units have adequate durability against the space environment. See C.1 for additional notes.

5.6.1 Test plan, specification and procedure

The simplicity of a small spacecraft allows the combination of the test plan, specification and procedure
documents for the system test or unit test into one document as recommended by ISO 17566. In the following
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cases, it is recommended to separate the test plan/specification and the test procedure into two separate
documents.

a) The testis fairly complex and requires many discussions and iterations within the development team to
define the test specification.

b) The testis carried out at a location outside the developing organization and requires consultation with
the test institution well before the test.

c¢) The testshall be approved by the customer. The test plan/specification may be used as the document for
approval.

d) Others.

The contents of the test plan, specification and procedure shall be based on ISO 17566:2011, Table 2 or
Table 3. Some of the content in the specification, such as test facility requirements and procedural test
requirements, may be moved to the test procedure document. The documents may be revised as test
preparation progresses. It is important to keep track of the version number, the revision points and the
revision dates.

5.6.2 Testreport

The test report content shall be based on ISO 17566:2011, Annex D. Any anomaly during the test and
its disposition shall be reported in the test report. The test report shall clearly describe the following
information or refer to the test documents that contain the information.

a) Temperature measurement points and the measured temperature profile in the case of thermal tests,
e.g. thermal cycle, thermal vacuum, thermal balance, etc.

b) Acceleration measurement points in the case of mechanical tests, e.g. vibration, shock, etc.

¢) The points of reference (thermo-couples or accelerometers) used to control the test levels,
e.g. temperature, vibration, acoustic, etc.

d) The measured pressure profile during the test in the case of tests conducted in a vacuum, e.g. thermal
vacuum, vacuum functioning, multipaction, etc.

e) The power spectrum density waveform of the acceleration measured at the reference points in the case
of random vibration test or modal survey.

f) The shock response spectrum calculated from the acceleration measured at the reference points in the
case of shock test.

g) The source of radiation particles, their energy and the total fluence in the case of SEE test.

h) The radiation source and energy, total dose and shielding effects considered to derive the total dose,
dose rate and temperature during testing in the case of TID test.

i) The result of functional performance measurements before, during and after the environment test.

If the test results in failure, the test report shall be precise enough to assist with the root cause analysis or
other investigation. See Reference [22] for root cause analysis.

5.6.3 Datasheet for unit test results
The following information shall be included in the datasheet for unit test results.

a) Random vibration spectrum in power spectral density, root-mean-square value of acceleration and
duration for each axis if random vibration test was carried out.

b) Vibration level, sweep rate and frequency range for each axis if sinusoidal vibration test was carried out.

¢) Radiation and conduction emission spectrum if EMC test was carried out.
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d) Temperature profile, number of cycles, hot and cold soak temperatures and their duration, temperature
ramp rate (up/down) and gas environment if thermal cycle test in atmospheric pressure was carried out.

e) Temperature profile, number of cycles, hot and cold soak temperatures and their duration, temperature
ramp rate (up/down) and pressure profile if thermal vacuum cycle test was carried out.

f)  Shock response spectrum for each axis and the method of applying the shock acceleration if shock test
was carried out.

i) The source of radiation particles, their energy and the total fluence if SEE test was carried out.

k) The radiation source and energy, total dose, shielding effects considered to derive the total dose, dose
rate and temperature during testing if TID test was carried out.

1) The power spectral density of the measured force for various rotational speeds if microvibration
acceptance test was carried out.

5.7 Test conditions, tolerances and accuracies

The requirements in ISO 15864:2021, 4.10 shall apply.

5.8 Functional test

Complete functional tests shall be performed at the beginning and end of the test sequence. Partial functional
tests shall be conducted before and after each environmental exposure.

5.9 Design, verification and testing philosophy

Annex C describes the difference of small spacecrafts from traditional satellites in terms of design,
verification and testing philosophy. Tables C.1 and C.2 summarize the characteristics inherently associated
with the satellite program/design and the corresponding verification strategy when low cost and fast
delivery are the primary drivers.

5.10 Testing of constellation satellite program

Typically, a constellation satellite program launches pathfinder satellites to validate the satellite missions
and verify the satellite design in the flight environment before initiating full constellation deployment.
During full deployment, multiple satellites are often produced simultaneously, forming a satellite production
batch (referred to as a “batch” in this document).

Within the same batch, all satellites share an identical design, and differences between them mainly arise
from variations in hardware assembly quality, including workmanship, electronic and mechanical parts,
and production lot inconsistencies. Full deployment usually involves multiple launches to populate different
orbital planes. Between these launches, minor modifications to the satellite design are often made based on
lessons learned from the operation of earlier generations.

The satellite used for pathfinder missions undergoes extensive testing before launch. The mission itself can
be considered an extension of the satellite system test, although it may not account for all environmental
variations in orbit, such as the 11-year solar cycle. During the full deployment phase, qualification testing of
the satellite is not required, as the design is already flight-proven.

If minor modifications are made to the satellite design—such as changes due to discontinued parts or
units—qualification tests may be conducted to verify only the modified elements. This is commonly referred
to as delta-qualification. If the launcher differs from that used in the pathfinder mission or previous batches,
and the new launch environment exceeds the previously tested limits, delta-qualification for the new launch
environment shall be done.

When the production lot of electronic parts changes, additional screening tests may be required, depending
on whether the satellite system integrator adopts a conservative approach to managing lot differences. The
levels and duration of acceptance testing may be relaxed compared to single-satellite programs. Some test
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items may be skipped or conducted only on a limited number of satellites within the same batch. However,
tests that verify workmanship or individual satellite variations may need to be performed on all satellites,
depending on their criticality to safety and mission success.

After the first batch of satellites is built and operated in space, operational results provide valuable insights.
These insights may be used to further reduce the number of test items when building and testing the
second batch. This iterative process continues for subsequent batches. Figures of merit can be introduced to
compare the in-orbit performance of each batch, helping to evaluate how much testing can be relaxed.

The applicability of the constellation satellite program testing strategy to a specific satellite program
depends on two criteria: whether the satellite design is identical and whether the design is flight-proven.

Formation flight missions launch multiple satellites with the same design but typically do not include
a pathfinder mission before the main launch. In such cases, the single-satellite program testing strategy
should be applied. To improve efficiency, methods for testing multiple satellites simultaneously should be
considered.

The constellation testing strategy applies to swarm satellite programs if the satellites share a flight-proven
design validated by pathfinder missions. However, if swarm satellites are launched without pathfinder
missions, the single-satellite testing strategy must be applied, at least for the first generation. For subsequent
generations, if design changes are minimal, the constellation testing strategy may be used.

For satellite fleets that build and launch only one satellite at a time, the single-satellite testing strategy can be
applied, skipping qualification testing (QT) from the second satellite onward, provided the design remains
the same or changes are minor. Additionally, acceptance test (AT) levels and durations may be relaxed, and
some test items skipped, if sufficient confidence has been established based on flight results from earlier
satellites.

6 Satellite system tests

6.1 Testitems

The satellite system test items are listed in Table 1. Annex D provides test selection logic flows.
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Table 1 — System test items

Test items QT AT PFT
Electrical interface R R R
Functional test R R R
Mission test R R R
Total Ionization Dose (TID) test 02 — 0ab
Single Event Effects (SEE) test 0a — 0ab
fg)sicecraft Charging Induced Electrostatic Discharge (ESD) To be done in the unit level.
Electromagnetic Compatibility (EMC) test 0s ocs 0s
Deployment test R R R
Magnetic field test od od od
Antenna pattern test To be done in the unit level.
Alignment measurement 0e 0e 0e
Physical property measurement R R R
Launcher/Spacecraft interface test R R R
Quasi-static load test of of of
Modal survey 08 — 0s
Sinusoidal vibration test Oh Oh oh
Random vibration test Ri Ri Ri
Acoustic test 0Oi 0i Oi
Shock test 0) 0] 0)
Thermal balance test Ok Ok

R Required; O Optional

a2 Tobe done in the flat-sat configuration without satellite structure. See Figure D.1.

b Use of dedicated test model.

¢ Tobe done in anechoic chamber if radio licence is not obtained yet. See Figure D.2.

d  Required when characterization of residual or internally generated magnetic moment is critical for the mission success.
¢ Required for an observation (earth or astronomy) satellite.

f Required if launcher ICD requires or if structural analysis cannot replace testing. See Figure D.3.

g  Required if very high accuracy of the structural analysis is necessary. See 9.15.

h Required if Launcher ICD requires. See Figure D.4.

I When acoustic test is also required by launcher ICD, either random vibration or acoustic test is recommended, whichever is
more appropriate, with the other discretionary. See Figure D.5 for the selection logic of acoustic test.

] Required if launcher ICD requires. See Figure D.6.

k  Required if design is new and thermal accuracy does not have enough accuracy. See Figure D.7.

I Either thermal vacuum or a combination of thermal cycle function and functional test in vacuum is required. See Figure D.7.
m  Required if temperature distribution is large. See Figure D.7.

n Required if thermal vacuum test is not done. See Figure D.7.

°  Required if separation temperature after cold launch is much higher or lower than the max/min temperature. See Figure D.8.
P Required if pressure vessel is on-board the satellite.

4 Required if launcher ICD requires or if a payload sensitive to contamination is on-board the satellite.

r  Microvibration test is to characterize the unit-level microvibration. Regarding the necessity of spacecraft level micro-
vibration test, see Annex B of [SO-24411.

s Not required if the satellite is cold launched and the launcher ICD does not require. Even in that case, if the internal noise
may affect the mission, such as very small uplink or intersatellite link margin, radio-sensitive mission payload, intrasatellite
communication, etc., system EMC test is required.
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Table 1 (continued)
Test items QT AT PFT

Thermal vacuum test om

Thermal cycle functional test R! on R!
Functional test in vacuum —

Cold/hot start test 0o 0o 0°
Thermal cycle endurance test To be done in the unit level.
Pressure test or or or
Leakage test op op op
Microvibration test To be done in the unit level".
Burn-in and wear-in test To be done in the unit level.
End-to-end mission simulation — R R
Bake out and outgas — oan 04

a

b

C

h

i

)
k

1

q

r

S

R Required; O Optional

more appropriate, with the other discretionary. See Figure D.5 for the selection logic of acoustic test.

vibration test, see Annex B of ISO-24411.

may affect the mission, such as very small uplink or intersatellite link margin, radio-sensitive mission payload, intrasatellite
communication, etc., system EMC test is required.

To be done in the flat-sat configuration without satellite structure. See Figure D.1.

Use of dedicated test model.

To be done in anechoic chamber if radio licence is not obtained yet. See Figure D.2.

Required when characterization of residual or internally generated magnetic moment is critical for the mission success.
Required for an observation (earth or astronomy) satellite.

Required if launcher ICD requires or if structural analysis cannot replace testing. See Figure D.3.

Required if very high accuracy of the structural analysis is necessary. See 9.15.

Required if Launcher ICD requires. See Figure D.4.

When acoustic test is also required by launcher ICD, either random vibration or acoustic test is recommended, whichever is

Required if launcher ICD requires. See Figure D.6.

Required if design is new and thermal accuracy does not have enough accuracy. See Figure D.7.

Either thermal vacuum or a combination of thermal cycle function and functional test in vacuum is required. See Figure D.7.
Required if temperature distribution is large. See Figure D.7.

Required if thermal vacuum test is not done. See Figure D.7.

Required if separation temperature after cold launch is much higher or lower than the max/min temperature. See Figure D.8.
Required if pressure vessel is on-board the satellite.

Required if launcher ICD requires or if a payload sensitive to contamination is on-board the satellite.

Microvibration test is to characterize the unit-level microvibration. Regarding the necessity of spacecraft level micro-

Not required if the satellite is cold launched and the launcher ICD does not require. Even in that case, if the internal noise

6.2 Testlevel and duration

The test level and duration of system tests shall be specific to each satellite, depending on the environments
to be encountered and the mission objectives. In the mechanical and thermal tests, the test level of AT shall
cover the maximum temperature range and acceleration predicted. For the mechanical and thermal QT or
PFT, appropriate margin shall be added.
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7 Unit tests

7.1 Testitems

The unit test items are listed in Tables 2, 3 and 4. Annex D provides test selection logic flows.

Table 2 — Unit test items (QT)

Electri- Pres-
Test items caland | s ionna | Mma | SO1ar Bat-t Valve| sure | LPrust Optical | Structur-
electron- array| tery er al
ic vessel
Electrical interface . .
test To be done at the assembly and integration to the system level.
Functional test R R | R |]R| R |R|] R | R | R | —
Mission test To be done in the system level.
Total Ionization 0a o o - - o o . . o
Dose (TID) test
Single Event Effects 0a
(SEE) test
Spacecraft Charging
Induced Electrostatic ob — — ob — — — — — —
Discharge (ESD) test
Electromagnetic
Compatibility (EMC) Oc 0c¢ 0c — — — — or — —
test
Deployment test — od od od — — — — 0d od

R Required; O Optional

a  May be done when a manufacturer wants to demonstrate radiation tolerance. See Figure D.9.

b Required if a unit is exposed to outer space and high voltage is used. See Figure D.10.

¢ Required if unit is equipped with radio sensitive electrical and electronic circuits or radio emitting devices.
d  Required for deployable units.

¢ Required when units use magnet.

f Required if very high accuracy of the structural analysis is necessary. See 8.15.

g€  Required if fundamental frequency is below 200 Hz. See Figure D.11

b Required if sensitive material or parts to high frequency acceleration are used. See Figure D.11.
I May be done at unit level if a test facility cannot house the entire system. See 8.20.2.

J Required if temperature distribution is large. See Figure D.12.

k  Required if thermal vacuum test is not done. See Figure D.12.

I Either thermal vacuum or thermal cycle plus functional test in vacuum is required (see Figure D.12) if electronics or moving
parts are involved.

m  Required if unit is turned on immediately after separation.

n Unit exposed to outer space only.

©  Required when unit is sealed or pressurized.

P Required when need is identified by analysis.

4  Required when unit is not a one-shot device.

r  Electro Magnetic Interference emission shall be characterized if unit is associated with capacitor bank discharge.
S To be done in the system level or the unit-level test is required if precision alignment is required.

t  Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

U To be done at cell level
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Table 2 (continued)

Electri- Pres-
Test items caland |\ onna | Mma | Solar Bat-t Valve| sure | IDTUSE | gppica)|StrUctur-
electron- array| tery er al
ic vessel
Magnetic field test — — 0e — — 0e 0e 0e 0e —
Antenna pattern test — R — — — — — — — —
Alignment . 0s . - - . . 0s 0s -
measurement
Physical property R R R R R R R R R R
measurement
Launcher/Spacecraft To be done in the system level.
interface test
Quasi-static load test To be done in the system level.
Modal survey of of of of of of of of of of
Sinusoidal vibration . 08 . 08 . . . . 08 08
test
Random vibration R R R R R R R R R R
test
Acoustic test — — — — — — — — — —
Shock test Oh Oh Oh Oh Oh Oh — Oh Oh Oh
Thermal balance test — Oi Oi 0i — — — — Oi Oi

R Required; O Optional

a2 May be done when a manufacturer wants to demonstrate radiation tolerance. See Figure D.9.

b Required if a unit is exposed to outer space and high voltage is used. See Figure D.10.

¢ Required if unit is equipped with radio sensitive electrical and electronic circuits or radio emitting devices.
d  Required for deployable units.

¢ Required when units use magnet.

f Required if very high accuracy of the structural analysis is necessary. See 8.15.

g  Required if fundamental frequency is below 200 Hz. See Figure D.11

h Required if sensitive material or parts to high frequency acceleration are used. See Figure D.11.
I May be done at unit level if a test facility cannot house the entire system. See 8.20.2.

] Required if temperature distribution is large. See Figure D.12.

k  Required if thermal vacuum test is not done. See Figure D.12.

I Either thermal vacuum or thermal cycle plus functional test in vacuum is required (see Figure D.12) if electronics or moving
parts are involved.

m  Required if unit is turned on immediately after separation.

n Unit exposed to outer space only.

©  Required when unit is sealed or pressurized.

P Required when need is identified by analysis.

4  Required when unit is not a one-shot device.

r  Electro Magnetic Interference emission shall be characterized if unit is associated with capacitor bank discharge.
S Tobe done in the system level or the unit-level test is required if precision alignment is required.

t  Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

U To be done at cell level
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Table 2 (continued)

Electri- Pres-
Test items caland |\ onna | Mma | Solar Bat-t Valve| sure | TDTUSE | gptica)|Structur-
electron- array| tery er al
ic vessel
Thermal vacuum test 0) 0) 0) 0) —
Thermal cycle func- K " K K L
tional test 0 o! 0 o! o! o! o! 0 0
Functional test in Ok Ok Ok Ok L
vacuum
Cold/hot start test om — om — — om — — — —
Thermal cycle R on on on - . . i on on
endurance test
Pressure test — — Qe — — R R R — —
Leakage test — — Qe Ru R R 0° — —
Microvibration test — — op — — — — — — —
Burn-in and wear-in . L 01 L . . . . . L
test
End-to-end mission To be done in the system level.
simulation
?eilée outand outgas To be done in the system level.

R Required; O Optional

a  May be done when a manufacturer wants to demonstrate radiation tolerance. See Figure D.9.

b Required if a unit is exposed to outer space and high voltage is used. See Figure D.10.

¢ Required if unit is equipped with radio sensitive electrical and electronic circuits or radio emitting devices.
d  Required for deployable units.

¢ Required when units use magnet.

f Required if very high accuracy of the structural analysis is necessary. See 8.15.

g€ Required if fundamental frequency is below 200 Hz. See Figure D.11

h Required if sensitive material or parts to high frequency acceleration are used. See Figure D.11.
I May be done at unit level if a test facility cannot house the entire system. See 8.20.2.

J Required if temperature distribution is large. See Figure D.12.

k  Required if thermal vacuum test is not done. See Figure D.12.

I Either thermal vacuum or thermal cycle plus functional test in vacuum is required (see Figure D.12) if electronics or moving
parts are involved.

m  Required if unit is turned on immediately after separation.

n Unit exposed to outer space only.

©  Required when unit is sealed or pressurized.

P Required when need is identified by analysis.

4  Required when unit is not a one-shot device.

I Electro Magnetic Interference emission shall be characterized if unit is associated with capacitor bank discharge.
S To be done in the system level or the unit-level test is required if precision alignment is required.

t  Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

U To be done at cell level
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Table 3 — Unit test items (AT)

Electrical Pres- .
Test items and elec- | AMEeN Iyivia Solar|  Bat- Valve| sure ThZ:St' O&tll-

na array| terym Structural
tronic y y vessel

Electrical interface test To be done at the assembly and integration to the system level.

Functional test R | R [R|R]|] R | R]| R R | R | —

Mission test To be done in the system level.

Total Ionization
Dose (TID) test

Single Event Effects
(SEE) test

Spacecraft Charging
Induced Electrostatic — — — — — — — — — —
Discharge (ESD) test

Electromagnetic Com-
patibility (EMC) test

Deployment test — 02 02 | 02 — — — — 02 02

Magnetic field test — — — — — — — — — —

Antenna pattern test — R — — — — — — — —

Alignment measure-
ment

Physical property

R R R R R R R R R R
measurement

Launcher/Spacecraft

interface test To be done in the system level.

Quasi-static load test To be done in the system level.

Modal survey ob ob ob | ob ob ob ob ob ob ob

Sinusoidal vibration
test

Random vibration test R R R Re R R R R R R

Acoustic test — — — Oc¢ — — — — — _

R Required; O Optional
a  Required for deployable units.
b Required if very high accuracy of the structural analysis is necessary. See 8.15.

¢ When acoustic test is also required by satellite system ICD specifying the subsystem/unit verification requirements, either
random vibration or acoustic test is recommended, whichever is more appropriate, with the other discretionary. See Figure D.5
for the selection logic of acoustic test.

d  Required when large temperature distribution exists inside the unit.
¢ Either thermal vacuum or thermal cycle is required if electronics or moving parts are involved.

f Required if unit is turned on immediately after separation and separation temperature after cold launch is much higher or
lower than the max/min temperature. See Figure D.8. Can be combined with thermal vacuum test or thermal cycle functional
test.

g Required when thermal vacuum test is not done.

h  Required when unit is sealed or pressurized.

I Required when need is identified by analysis.

J Required when the total duration of the acceptance test sequence is insufficient.

k  The Unit-level bake out may be required for optical satellites.

I Tobe done in the system level or the unit-level test is required if precision alignment is required.

m - Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

n To be done at cell level
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Table 3 (continued)

Electrical Anten- Solar| Bat- Pres-
Test items and elec- MMA Valve| sure

. na arra terym
tronic y y vessel

Shock test — — — — — — — — _ _

Thrust- | Opti-

Structural
er cal

Thermal balance test — — — — — — — - — _
Thermal vacuum test od od od 0d —

e e e e e
T.hermal cycle func- 0g 0 08 0 0 0 0 o8 o8 B
tional test

Functional test in
vacuum

Cold/hot start test of — of | — — of — — — _

Thermal cycle endur-
ance test

Pressure test — — Oh — — R R R — —
Leakage test — — oh Rn R R 0g — _

Microvibration test — — (o) — — — — — _ _

Burn-in and wear-in

— j — — — — —
test R 0 R R

End-to-end mission

. : To be done in the system level.
simulation

Bake out and outgas To be done in the

test system levelk R To be done in the system levelk.

R Required; O Optional
a  Required for deployable units.
b Required if very high accuracy of the structural analysis is necessary. See 8.15.

¢ When acoustic test is also required by satellite system ICD specifying the subsystem/unit verification requirements, either
random vibration or acoustic test is recommended, whichever is more appropriate, with the other discretionary. See Figure D.5
for the selection logic of acoustic test.

d  Required when large temperature distribution exists inside the unit.
¢ Either thermal vacuum or thermal cycle is required if electronics or moving parts are involved.

f Required if unit is turned on immediately after separation and separation temperature after cold launch is much higher or
lower than the max/min temperature. See Figure D.8. Can be combined with thermal vacuum test or thermal cycle functional
test.

g Required when thermal vacuum test is not done.

h Required when unit is sealed or pressurized.

i Required when need is identified by analysis.

i Required when the total duration of the acceptance test sequence is insufficient.

k  The Unit-level bake out may be required for optical satellites.

I Tobe done in the system level or the unit-level test is required if precision alignment is required.

m  Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

n To be done at cell level
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Table 4 — Unit test items (PFT)

Electrical Pres-
Test items and elec- | Anten- | yya |Solar Bat:” Valve| sure |TPrust Optical Structur-
) na array| tery er al

tronic vessel
Electrical interface test To be done at the assembly and integration to the system level.
Functional test R | R |R|R|] R |R| R | R | R | —
Mission test to be done in the system level
Total Ionization 0ab . o . o o . o o .
Dose (TID) test
Single Event Effects 0ab
(SEE) test
Spacecraft Charging
Induced Electrostatic 0ac — — | Oac — — — — — —
Discharge (ESD) test
Electromagnetic Compati- d d d . . . . ¢ . .
bility (EMC) test 0 0 0 0
Deployment test — oe 0e 0e — — — — 0e oe
Magnetic field test — — of | — — of of of of —

R Required; O Optional

a  Use dedicated test model.

b May be done when a manufacturer wants to demonstrate radiation tolerance. See Figure D.9.

¢ Required if a unit is exposed to outer space and high voltage is used. See Figure D.10.

d  Required if unit is equipped with radio sensitive electrical and electronic circuits or radio emitting devices.
¢ Required for deployable units.

f Required when units use magnet.

& Required if very high accuracy of the structural analysis is necessary. See 8.15.

b Required if fundamental frequency is below 200 Hz. See Figure D.11.

I When acoustic testis also required by satellite system ICD specifying the subsystem/unit verification requirements,
either random vibration or acoustic test is recommended, whichever is more appropriate, with the other discretionary.
See Figure D.5 for the selection logic of acoustic test.

] Required if sensitive material or parts to high frequency acceleration are used. See Figure D.11.
k  May be done at unit level if a test facility cannot house the entire system. See 8.20.2.

I Required if temperature distribution is large. See Figure D.12.

m  Required if thermal vacuum test is not done. See Figure D.12.

n Either thermal vacuum or thermal cycle plus functional test in vacuum is required (see Figure D.12) if electronics
or moving parts are involved.

© Required if separation temperature after cold launch is much higher or lower than the max/min temperature. See
Figure D.8. Can be combined with thermal vacuum test or thermal cycle functional test.

P Required when units are exposed to outer space. Determined after consultation with the satellite developer.
4 Required when unit is sealed or pressurized.

I Required when need is identified by analysis.

S Required when unit is not a one-shot device.

t  Electro Magnetic Interference emission shall be characterized if the unit is associated with capacitor bank
discharge

U4 The unit-level bake out may be required for optical satellites.
V. To be done in the system level or the unit-level test is required if precision alignment is required.

W Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

X To be done at cell level
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Table 4 (continued)
Test items Ellr(:;t;ll.:(?-l Anlfaen- MMA :1(')11‘:; tgr?;” Valve l;fl(:‘se Thg:st- Optical Struacltur-
tronic vessel

Antenna pattern test — R — — — — — — — —
Alignment measurement — ov — — — — — ov ov —
Pyl roperts HEEREEEDEEEEE
il‘r?tlgrlglceer{‘sess cecraft To be done in the system level.

Quasi-static load test To be done in the system level.

Modal survey 0s 08 08 08 0s 08 08 08 0s 08
Sinusoidal vibration test — Oh — Oh — — — — Oh Oh
Random vibration test R R R Ri R R R R R R
Acoustic test — — — oi — — — — — —
Shock test 0) 0j 0), 0), 0) 0), — 0), 0) 0),
Thermal balance test — Ok Ok | Ok — — — — Ok Ok

a
b

C

h

i

j
k
1
m

n

o

R Required; O Optional

either random vibration or acoustic test is recommended, whichever is more appropriate, with the other discretionary.
See Figure D.5 for the selection logic of acoustic test.

or moving parts are involved.

Figure D.8. Can be combined with thermal vacuum test or thermal cycle functional test.

P Required when units are exposed to outer space. Determined after consultation with the satellite developer.

4  Required when unit is sealed or pressurized.

I Required when need is identified by analysis.

s Required when unit is not a one-shot device.

t  Electro Magnetic Interference emission shall be characterized if the unit is associated with capacitor bank
discharge

U The unit-level bake out may be required for optical satellites.

V. To be done in the system level or the unit-level test is required if precision alignment is required.

w

Use dedicated test model.

May be done when a manufacturer wants to demonstrate radiation tolerance. See Figure D.9.

Required if a unit is exposed to outer space and high voltage is used. See Figure D.10.

Required if unit is equipped with radio sensitive electrical and electronic circuits or radio emitting devices.
Required for deployable units.

Required when units use magnet.

Required if very high accuracy of the structural analysis is necessary. See 8.15.

Required if fundamental frequency is below 200 Hz. See Figure D.11.

When acoustic testis also required by satellite system ICD specifying the subsystem/unit verification requirements,

Required if sensitive material or parts to high frequency acceleration are used. See Figure D.11.
May be done at unit level if a test facility cannot house the entire system. See 8.20.2.

Required if temperature distribution is large. See Figure D.12.

Required if thermal vacuum test is not done. See Figure D.12.

Either thermal vacuum or thermal cycle plus functional test in vacuum is required (see Figure D.12) if electronics

Required if separation temperature after cold launch is much higher or lower than the max/min temperature. See

Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

To be done at cell level
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Table 4 (continued)
Electrical Pres-
Test items and elec- | AN | yya (Solar - Bat- iy 01 cure | Thrust Optical Structur-
. na array| tery%w er al
tronic vessel
Thermal vacuum test o! o! o! o! —
Thermal cycle functional om on om | on on on on om om .
test
Functional test in vacuum Oom Oom Oom om —
Cold/hot start test Qo — Qo — — Qo — — — —
Thermal cycle endurance o op op op o . . . op op
test
Pressure test — — 04 — — R R R — —
Leakage test — — 04 Rx R R op — —
Microvibration test — — or — — — — — — —
Burn-in and wear-in test R — Os — — R — R — —
E.nd-to-(.end mission To be done in the system level.
simulation

R Required; O Optional

a  Use dedicated test model.

b May be done when a manufacturer wants to demonstrate radiation tolerance. See Figure D.9.

¢ Required if a unit is exposed to outer space and high voltage is used. See Figure D.10.

d  Required if unit is equipped with radio sensitive electrical and electronic circuits or radio emitting devices.
¢ Required for deployable units.

f Required when units use magnet.

g Required if very high accuracy of the structural analysis is necessary. See 8.15.

h Required if fundamental frequency is below 200 Hz. See Figure D.11.

I When acoustic testis also required by satellite system ICD specifying the subsystem/unit verification requirements,
either random vibration or acoustic test is recommended, whichever is more appropriate, with the other discretionary.
See Figure D.5 for the selection logic of acoustic test.

J Required if sensitive material or parts to high frequency acceleration are used. See Figure D.11.
k  May be done at unit level if a test facility cannot house the entire system. See 8.20.2.

I Required if temperature distribution is large. See Figure D.12.

m  Required if thermal vacuum test is not done. See Figure D.12.

n Either thermal vacuum or thermal cycle plus functional test in vacuum is required (see Figure D.12) if electronics
or moving parts are involved.

© Required if separation temperature after cold launch is much higher or lower than the max/min temperature. See
Figure D.8. Can be combined with thermal vacuum test or thermal cycle functional test.

P Required when units are exposed to outer space. Determined after consultation with the satellite developer.
4 Required when unit is sealed or pressurized.

I Required when need is identified by analysis.

s Required when unit is not a one-shot device.

t  Electro Magnetic Interference emission shall be characterized if the unit is associated with capacitor bank
discharge

U The unit-level bake out may be required for optical satellites.
V. To be done in the system level or the unit-level test is required if precision alignment is required.
W Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

X To be done at cell level
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Table 4 (continued)
Electrical Pres-
Test items and elec- | AMeN | vivia Solar|  Bat- Valve| sure Thrust- Optical Structur-
. na array| tery%w er al
tronic vessel

Bake out and outgas test To be done in the R To be done in the system levelY.
system levelY.

R Required; O Optional

a  Use dedicated test model.

b May be done when a manufacturer wants to demonstrate radiation tolerance. See Figure D.9.

¢ Required if a unit is exposed to outer space and high voltage is used. See Figure D.10.

d  Required if unit is equipped with radio sensitive electrical and electronic circuits or radio emitting devices.
¢ Required for deployable units.

f Required when units use magnet.

g Required if very high accuracy of the structural analysis is necessary. See 8.15.

h Required if fundamental frequency is below 200 Hz. See Figure D.11.

I When acoustic testis also required by satellite system ICD specifying the subsystem/unit verification requirements,
either random vibration or acoustic test is recommended, whichever is more appropriate, with the other discretionary.
See Figure D.5 for the selection logic of acoustic test.

I Required if sensitive material or parts to high frequency acceleration are used. See Figure D.11.
k  May be done at unit level if a test facility cannot house the entire system. See 8.20.2.

I Required if temperature distribution is large. See Figure D.12.

m  Required if thermal vacuum test is not done. See Figure D.12.

n Either thermal vacuum or thermal cycle plus functional test in vacuum is required (see Figure D.12) if electronics
or moving parts are involved.

© Required if separation temperature after cold launch is much higher or lower than the max/min temperature. See
Figure D.8. Can be combined with thermal vacuum test or thermal cycle functional test.

P Required when units are exposed to outer space. Determined after consultation with the satellite developer.
4 Required when unit is sealed or pressurized.

I Required when need is identified by analysis.

S Required when unit is not a one-shot device.

t  Electro Magnetic Interference emission shall be characterized if the unit is associated with capacitor bank
discharge

W The unit-level bake out may be required for optical satellites.
V. To be done in the system level or the unit-level test is required if precision alignment is required.
W Battery in this case means battery unit unless noted otherwise. See ISO-17546 for lithium ion battery testing.

X To be done at cell level

7.2 Testlevels and duration

Table 5 lists the test level and duration for unit QT. The test level and duration for unit AT or PFT shall be
determined after consultation between the satellite developer and the unit manufacturer. See Annex E for
AT or PFT of electrical and electronic units.
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Table 5 — Test level and duration of Unit QT

ISO/DIS 19683:2025(en)

Test item Test leV(?l Requirement Note
and duration
The shielding effect
. 10 kRad(= 100 Gy) due to the unit hous-
Radiation Total dose or higher ing shall be taken
(Total dose) into account.
Dose rate 0,01 Gy/s or lower
Power bus conducted
interference, load Equivalent to MIL-
induced, frequency 10kHz to 10 MHz STD.461 CE102[23],
EMC domain
Radiated electric field . Equivalent to MIL-
emissions 10kHzto 1 GHz or higher STD.461 RE102123],
Vibration amplitude 8,4 G_, or higher
i i Frequency approximately 5 Hz to 100 Hz
Sinusoidal -
vibration Sweep rate 4 Oct/min up and down
Number of . .
.. Once in each axis
applications
Root mean square 13,3 Grms or higher
. ; This PSD may be
- i tailored according to
& ox e = i
PSD 3 -~ the'satelllte mass for
= which the manufac-
Bt — G o0 turer expects to use
Random freaene () the unit under test.
vibration Lower tolerance limit 0 dB
on PSD
Duration 1 min for each orthogonal axis
Frequency 20Hzto 2 000 Hz
Number of . .
.. Once in each axis
applications
= —
-y //‘r ______
SRS % 1000 /_Tﬁ" s
Shock . oo :
Number of shocks Once in each axis
Q factor 10
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