PD CEN/CLC/TR 17603-20-02:2021

BSI Standards Publication

Space engineering — Li-ion battery testing handbook

bsi.



PD CEN/CLC/TR 17603-20-02:2021 PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of CEN/CLC/
TR 17603-20-02:2021.

The UK participation in its preparation was entrusted to Technical
Committee ACE/68, Space systems and operations.

A list of organizations represented on this committee can be obtained on
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however no
representation, warranty, assurance or undertaking (express or
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any such responsibility and
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are
responsible for its correct application.

This publication is not to be regarded as a British Standard.

© The British Standards Institution 2021
Published by BSI Standards Limited 2021

ISBN 978 0 539 16239 4
ICS 49.140

Compliance with a Published Document cannot confer immunity
from legal obligations.

This Published Document was published under the authority of the
Standards Policy and Strategy Committee on 31 October 2021.

Amendments/corrigenda issued since publication

Date Text affected




PD CEN/CLC/TR 17603-20-02:2021

TECHNICAL REPORT CEN/CLC/TR 17603-20-
RAPPORT TECHNIQUE 02

TECHNISCHER BERICHT

September 2021
ICS 49.140
English version
Space engineering - Li-ion battery testing handbook
Ingénierie spatiale - Manuel de tests des batteries Li- Raumfahrttechnik - Handbuch zum Testen von Li-

ion Ionen-Akkus

This Technical Report was approved by CEN on 19 March 2021. It has been drawn up by the Technical Committee CEN/CLC/]JTC
5.

CEN and CENELEC members are the national standards bodies and national electrotechnical committees of Austria, Belgium,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North Macedonia, Romania, Serbia,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and United Kingdom.

CENELEC

CEN-CENELEC Management Centre:
Rue de la Science 23, B-1040 Brussels

© 2021 CEN/CENELEC All rights of exploitation in any form and by any means Ref. No. CEN/CLC/TR 17603-20-02:2021 E
reserved worldwide for CEN national Members and for
CENELEC Members.



PD CEN/CLC/TR 17603-20-02:2021
CEN/CLC/TR 17603-20-02:2021 (E)

Table of contents

European FOreWoOrd.............o i rese s s s s s s s s s s s s s smn s s enn s s nmn s s nnsssnnns 4
INErOdUCHION........ s rn s ennn 5
IS T o o o - P 6
78 5= =T =] 0 o= 7
3 Terms, definitions and abbreviated terms..........ccoiieiiiiiiiiici e, 8
3.1 Terms from other doCUMENES ... 8
3.2 Terms specific to the present document ...............cooo i 8
3.3 Abbreviated termS. ... ..o 14

4 Cell or battery testing.........coooriiiiiiiiii i ——————— 15
S T |11 'o T U T3 1T o 15
4.2 Test dOCUMENTALION .......ueiiiiii e e e e e e e 16
421 Testplan and test procedures.........cccccoeeeiiiiiiiiiiiiii e, 16

I I 1= =Y o Yo o RSP 16

R T I = (T 17
4.3.1 Initial electrical characterisation tests .............cooviiiiiiiiiiiiiiiiiiii, 17

4.3.2 Standard capacity and energy measurements ............cccccvvveeiieeeeieenninnnnnn. 17

4.3.3 Internal resistance measurement .............ooveiiiiiiiii i 17

4.3.4 AC impedance MeasuremMeNt..........cccceiiieiiiiiiiiiieiieeee e 18

4.3.5 Self-discharge test .........ouuoiiiiiiiiicc 18

4.3.6 Charge retention test...........ooviiiiiiiiiiiiiiiiiiieeeeee e 18

4.3.7  Cellrate capability...........ccooiiiiiiiiiiiiiiiiiiiie e 18

4.3.8 Cell EMF measurement .........ooooiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneenees 18

4.3.9 Battery magnetic moment measurement.............ccccoiiiiiiie 19

4.3.10 Battery corona testing .........ccooiiiiiiiiiiiiiiiiieeeeeeee s 19

4.4 Environmental eSS ... 19
441 ODJECHVES ..ot 19

4.4.2 Mechanical tests: vibration (low level sine, random, sine) and shock ........ 19

4.4.3 Thermal vacuum test..... ..o 20

4.4.4  LeaKtest ... 20




PD CEN/CLC/TR 17603-20-02:2021

CEN/CLC/TR 17603-20-02:2021 (E)

4.4.5 Hermeticity test (Helium test) ... 21

446 Radiation teSt......oooiiiiiiiiiiiiiiiie e 21

4.5 LifE SIS ettt s 21

451 ODJECHVES ..ceiiiieieiee e 21

4,52 Calendar tests (survivability test)...........coooiiiiiiii 21

453  CyCliNg IESES. .ouuueii i 21

4.6 SOty 1ESTS .. ittt 25

4.6.1  ODJECHVES ..coeeiiiiiieieiiiiee ettt 25

4.6.2  OVEIChAIGE ....ovviii et 25

4.6.3  OVErdiSChaArge.......ccceiiiiiiiie e 25

4.6.4  ShOrt-CirCUIL 1ESt ... 26

4.6.5 Ventand bursttests ... 26

4.6.6  ProtecCtive deVICES ......ccooiiiiii e 26

4.7 Storage, handling, transport, AlT .......ooo oo 27

4.7.1 7= =T = | PSP 27

4.7.2  Storage and maintenance conditions .............ccccceeeeiieeiiiiiiiee e, 27

4.7.3  HaNAliNG.....coooiiiii e 27

T N I - =] o Yo o (P 27

4.7.5 Assembly Integration Test (AlIT).....cooumiiiiiiiiii e, 27

5 Test applicability MatriX.......cooeeeeeiiiii 28
Tables

Table 4-1: Thermal vacuum tests conditions ... 20

Table 4-2: GEO €ClIPSE CYCIES ...t 23

Table 5-1: Test applicability MatriX ... e 28




PD CEN/CLC/TR 17603-20-02:2021
CEN/CLC/TR 17603-20-02:2021 (E)

European Foreword

This document (CEN/CLC/TR 17603-20-02:2021) has been prepared by Technical Committee
CEN/CLC/JTC 5 “Space”, the secretariat of which is held by DIN.

It is highlighted that this technical report does not contain any requirement but only collection of data
or descriptions and guidelines about how to organize and perform the work in support of EN 16603-
20.

This Technical report (CEN/CLC/TR 17603-20-02:2021) originates from ECSS-E-HB-20-02A.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such
patent rights.

This document has been prepared under a mandate given to CEN by the European Commission and
the European Free Trade Association.

This document has been developed to cover specifically space systems and has therefore precedence
over any TR covering the same scope but with a wider domain of applicability (e.g.: aerospace).
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Introduction

Energy storage is required aboard almost all spacecraft. Batteries are the most common energy storage
device. Batteries provide electrical power when power from solar arrays is temporarily unavailable or
insufficient due to eclipses, payload peak loads, before solar panels are deployed or in case of
emergencies or special manoeuvres. Batteries are tested in order to assess their performance and their
suitability to meet mission requirements. This issue of the document does not include the battery
management subsystem testing.

In order for a new cell or battery system to be accepted for a spacecraft mission, it is essential not only
to have hardware which is qualified for a good beginning of life performance but also to have
hardware whose performance changes with cycle life are well understood and predictable by
appropriate models. For this reason the availability of comprehensive test data is very important.

The present handbook aims at providing practical and helpful guidelines for Li-ion cell and battery
testing (testing conditions, required information, reporting) during the development and
qualification of space equipment and systems. This document has been derived from requirements
from ECSS-E-ST-20C and its purpose is to support the use of ECSS-E-ST-20C.

This Handbook gathers battery testing experience, know-how and lessons-learnt from the European
Space Community.
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1
Scope

This Handbook establishes support the testing of Li-ion battery and associated generation of test
related documentation.

This handbook sets out to:

. summarize most relevant characterisation tests

. provide guidelines for Li-ion battery testing

J provide guidelines for documentation associated with Li-ion cell or battery testing
J give an overview of appropriate test methods

. provide best practices




