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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard has been developed for the purpose of addressing the standard to obtain
sustainable development and to prevent incident of lithium ion battery for space vehicle.

For battery developer and spacecraft system architects, this International Standard leads the way to
assess the whole life cycle “from electrolyte filling to the end of the mission in space” and to clarify
what is considered in the battery design phase and the processes to reach the appropriate verification.

It is important for lithium ion battery (LIB) for space vehicle to prevent performance defect in orbit and
incident thrpugh the life cycle

The three otEectives in the life cycle, which are “performance”, “safety”, and comfortable “logistics’|, aim
to realize mre reliable, more safe, and high efficient means at the same time for development of §pace
vehicle battgries.

We address |each objective as follows.

Performance

“How to estjmate the life degradation at end of life”

Since LIB starts to degrade from activation, the consideration to meetthe power requirement thrpugh
the mission life is needed, that is, unaffected from handling cofditions (temperature) and ysage
conditions ip orbit (temperature, cycle, current or power and depthiof discharge). Also, the risk in|orbit
could be mitigated based on the life estimation and unexpected degradation could be carefully avgpided
throughout fhe whole life cycle.

Safety

Here, we edtablish a complex risk assessment process that is easy to understand. The method was
agreed internationally at ISO/IEC and is a traditignal method for space use.

LIB needs td keep some amount of the SOC t¢ avoid significant capacity degradation, so that the specific
consideratign and care for handling are required because of potential hazard source.

It is well knpwn that LIB has specific tisks with higher voltage when compared to other power sofirces
and no saturation characteristic forovercharge.

The important thing is that thie)process, which can result to a hazardous situation, does not always
immediately result to an incident. Because of these risks, LIB is considered hazardous at all times| The
risk assessment needs to’become very important to cover a variety of environment during the hanfdling
or use and History of stress.

Logisti

“How to bri1|1g the demand close to the general requirements to guarantee the safety and space quality”

From a wide-ranging point of view, the most important thing is to conduct life cycle assessment against
performance and safety. For example, temperature history (especially high temperature history when
cell is kept outdoors, where temperature is not controlled) and shocks/vibrations that cell receives
during transport and electrical short when handling. Also, to reflect the results of handling or usage,
measurement is needed.

All the personnel who owed responsibility of development, design, and handling are desired to survey
and estimate the influence of their assessment spontaneously to improve for sustainable development
of space component. As a result, a third party can evaluate the validity of the design and verification.
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Space systems — Lithium ion battery for space vehicles —
Design and verification requirements

1 Scope

This International Standard specifies design and minimum verification requirements for lithium ion
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TgEabte {inctuding tthium o potymmer) batteries for space veltities:

um ion secondary electrochemical systems use intercalation compounds (intéxcald
s in an ionic or quasi-atomic form within the lattice of the electrode material) in the po
egative electrodes.

focus of this International Standard is on “battery assembly” and cell is described as
to be harmonized with other industrial standards and regulations.

nn

ormance”,” safety”, and “logistics” are the main points of view to.specify.

International Standard does not address “disposal” or “recyele”; however, some recomn
rding disposal are suggested.

Life cycle

service life of a battery starts at cell activation and continues through all

fabrication, acceptance testing, handling, storage, transportation, testing preceding lay
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mission operation.

cope of this International Standard addresses the shelf life, from cell activation to laun|
fe design and evaluations of the battery on the ground need to accommodate to the w
I space.
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article in this InternationakStandard addresses “performance”, “safety”, and “logistic{
e each stage of lifecycle,

Stages 3 and 5 include storage period which induce some performances verifications.
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Table 1 — Life cycle of lithium ion battery for space vehicle

Total lifecycle of lithium ion battery for space vehicle

Service life of lithium ion battery for space vehicle

) Shelf life of lithium ion battery for space vehicle

\ctivation ¥:

Stage 0 Stage 1 |Stage 2| Stage 3 |Stage 4] Stage5 Stage 6 Stage 7 Ptage 8| Stage 9

End of life
~Deorbit

Launch site
~Launch

Cell
[Manufacture,
Testing

Cell
Trans-
porta-

tion

Battery
Manufacture/|
Testing

Space vehicle
transportation
equipped battery:

Mission
in
orbit

Material
anufacture/|
[nspection

Battery

Trans-

porta-
tion

Space vehicle
Integration/
Testing

1.2 Perfdrmance

fems and methods of application ferbattery used for space vehicle is explained. The focus

ability is on the performance characteristics at the end of life (EOL).

Evaluation i
of the applid

f the performance addressés-terminology for the basic performance, typical usage (cHi
be profile), quality assuranee, testing method.

The scope o
and dischar

arge
1.3 Safety
This Interngtional Standafd follows the principle of ISO/IEC Guide 51.

rous

Classify the
phenomeno
high extern

Typical riskK

hazardswilile normal usage through the lifecycle and provide rationale for the dangg
n, suchsas'fire, burst/explosion, leakage of cell electrolyte, venting, burns from excesg
| temperatures, rupture of battery case with exposure of internal components, and sm
analysis, hazard analysis and fault tree analysis (FTA) through the battery life cy

q

ively
pkes.
Cle is

suggested i
stage of life

T tiis Imternmatiomat StamdardHazard controtmethod s distributedamdtaitored-imto
cycle, to harmonize with other industrial standards.

each

The safety test involves the items of “United Nations UN Manual of Tests and Criteria, Part III, sub-
section 38.3, (UN38.3)” or UL1642. Necessary minimum safety precaution is described as Lithium lon

Battery for

Space Vehicle.

Technical requirements are intended to reduce the risk of fire or explosion when lithium batteries are
used in space vehicle. The final acceptability of these batteries is dependent on their use in a space

vehicle that

complies with the requirements applicable for range safety or payload safety.

These requirements are also intended to reduce the risk of injury to persons due to fire or explosion

when prior

to the launch site, transportation, battery testing and manufacturing.[11]
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1.4 Logistics

In this International Standard, “logistics” means not only physical distribution or transportation but
also descriptions on how to handle and care for and configuration (status or conditions of hardware
and desirable environment) by each stage of lifecycle.

» o« » o«

Descriptions of logistics contain the precautions for “manufacture”, “assembling”, “handling”, “testing”,

» o«

“storage”, “packing” and “transportation”.

The scope of the logistics addresses the miscellaneous important precaution and rationale to maintain
the performance and safety as a space vehicle battery, to harmonize with other industrial standards

and agulatione Althaunah aoach tam of rolauant comnliancac 1c rafarrad +0 tha nvirn'hf‘l document
A SR L A s Ty ) e o ey e O P e e o T e e e O erre oo iy

coreT

becapise each document or regulation is revised independently.

2 Normative references

The following documents, in whole or in part, are normatively referenced.in this docunient and are
indigpensable for its application. For dated references, only the edition, cited applies. For undated
referjences, the latest edition of the referenced document (including any airiendments) applies.

[SO 44113, Space systems — Space debris mitigation requirements

IEC 61960, Secondary cells and batteries containing alkaline gryether non-acid electrolytes + Secondary
lithium cells and batteries for portable applications

3 Terms and definitions

For the purposes of this document, the following®erms and definitions apply.

3.1
accejerated test
test [designed to shorten the controlled environmental test time with respect to the |service use
time|by increasing the frequency of‘eccurrence, amplitude, duration, or any combination of these of
environmental stresses during setvice uselZ]

3.2
actiyation
process of making an.dssémbled cell functional, by introducing an electrolyte at the mgnufacturing
facility during cell production, which is used to define the start of battery shelf life[1][2][3][8]

3.3

aging
permanentdoss of capacity due to repeated cycling or passage of time from activationl[3]

3.4
battery
two or more cells which are electrically connected together, fitted with devices necessary for use, for
example, case, terminals, marking and protective devices

Note 1 to entry: A single cell battery is considered a “cell”.[€]

Note 2 to entry: A battery may also include some or more attachments, such as electrical bypass devices, charge
control electronics, heaters, temperature sensors, thermal switches, and thermal control elements.[1](2]

Note 3 to entry: Units that are commonly referred to as “battery packs”, “modules”, or “battery assemblies”
having the primary function of providing a source of power to another piece of equipment are, for the purposes of

this International Standard, treated as batteries.[6]

© IS0 2016 - All rights reserved 3
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SS

degradation of electrical performances due to passage of time after activation

3.6
cell

single encased electrochemical unit (one positive and one negative electrode) which exhibits a voltage
differential across its two terminalslél

3.7
dangerous

phenomenon

fire, burst/,
temperaturg

3.8

disassembly

vent or rup
screen (ann
7 wires per

3.9
effluent
liquid or gagd

3.10

explosion
condition th
forcibly exp

3.11

1 3 ] 1 £ 11 1 i last A3 L £ 3 1 Licl +
vAPlUDlUll, ICGI\GEC Ul LUII TICTUTLll Ul_y e, VUllLllls, Uulilo  ITUIIT CALCDDIVCI)’ lllsll CAU

s, rupture of battery case with exposure of internal components, and smokes

ture where solid matter from any part of a cell or battery penetrateés a wire
paled aluminum wire with a diameter of 0,25 mm and grid density of\.6 wires per d
cm) placed 25 cm away from the cell or batteryl(6]

released when a cell vents or leakslél

at occurs when a cell container or battery case vi@lently opens and major component
blled and the cell or battery casing is torn or splitf2][11]

external shiort circuit

direct conng
0,1 ohm res

Note 1 to enf

ection between positive and negative terminals of a cell or battery that provides less
stance path for current flowl€l

ry: An external short circuit occurs when a direct connection between the positive and neg

terminals is jnade where the connection resistance is sufficiently low enough to higher than rated currentf

through the d

3.12
fading
degradation

Note 1 to ent

3.13
fire
flames are ¢

ell.

of electrical performances due to cycling

Fy: It is evaluated through life test and wear out test.

niitted from the test cell or batteryl6l[9]

ernal

mesh

m to

S are

than

ative
flow

3.14
gassing
evolution of

3.15
harm

gas from one or more of the electrodes in a cell[3]

physical injury or damage to the health of people or damage to property or the environment

3.16
hazard

potential source of harm

Note 1 to entry: The term hazard is qualified in order to define its origin or the nature of the expected harm (for
example, electric shock hazard, crushing hazard, cutting hazard, toxic hazard, fire hazard, drowning hazard).

4
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3.17
hermetic seal
permanent air-tight seallZ]

3.18

intercalation

process where lithium ions are reversibly removed or inserted into a host material without causing
significant structural change to that hostl8]

3.19
intended use
use gf-aprod
provjded by the supplier(9]

with—specifications,instruetions—andqinformation

3.20
internal resistance
oppdsition to the flow of current within a cell or a battery, that is, sum of electronic resistance and ionic
resistance with the contribution to total effective resistance including inductive/capacitiveg properties

3.21
leakpge
visible escape of electrolyte or other material from a cell or battery or the loss of matg¢rial (except
battgry casing, handling devices or labels) from a cell or batterysuch that the loss of mass|exceeds the
valugs in Table 2

Note [l to entry: Mass loss means a loss of mass that exceeds thewalues in Table 2.

Table 2 — Table of mass loss limit

Mass M of cell Mass loss limit
M<1g 0,5%

lgsM<75g 0,2 %
M>75g 0,1 %

Note |2 to entry: In order to quantify the mass loss, the following procedure is provided:

100

Mass loss (%) = HOM2) x
M1

wherte
M1 is themass before the test and M2 is the mass after the test.

Wheh mass loss does not exceed the values in Table 2, it shall be considered as “no mass logs”.[€]

3.22
life
duration of maintaining a required performance (e.g. 50 % of BOL capacity), estimated in years
(calendar life) or in the number of charge/discharge cyclel3]

3.23

lithium ion battery

rechargeable electrochemical cell or battery in which the positive and negative electrodes are both
intercalation compounds (intercalated lithium exists in an ionic or quasi-atomic form with the lattice of
the electrode material) constructed with no metallic lithium in either electrodel®]

© IS0 2016 - All rights reserved 5
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3.24

load profile

illustration of the power needed from a battery to support a given system, which is usually expressed
by graphing required current versus timel8]

3.25
lot
continuous, uninterrupted production run with no change in processes or drawingsl2]

3.26

open circuit voltage
difference ipeteetrieat-potential-voltag veerrthe-terminals-oefa—ce
circuit is opgn (no-load condition) and no external current is flowing[3][6]

en the

a v

3.27
overcharge
charge past|the manufacturer’s recommended limit of voltage

3.28
over discharge
to discharge a cell or battery past the point determined by cell supplier where the full capacity has
been obtained

Note 1 to entry: Continuous discharging of a cell or battery below zero volfs‘eausing voltage reversal is ddfined
as forced dis¢harge.[3]

3.29
probability of occurrence
theoretical dlistribution that measures of how likely it is that some event shall occurlZ]

3.30
protective devices
devices such as fuses, by-pass, diodes and current limiters which interrupt the current flow, block the
current flow in one direction or limit the currest flow in an electrical circuitlé]

3.31
reasonable|foreseeable misuse
use of a profluct, process or service.in the way which is not intended by the supplier but which results
from readily predictable human behaviourl2]

3.32

rupture
mechanical failure of atcell container or battery case induced by an internal or external cause, resylting
in exposure|or spillage but not ejection of solid materials[6]

3.33
self-discharge
phenomenon due to leakage current in open circuit at cell and/or battery Ievel

3.34

shelflife limit

maximum allowed time from cell activation to launch, which includes any time in storage, whatever the
temperature storage conditions[1][2]

3.35
space quality
high reliability required for vehicles and equipments built for space use

6 © IS0 2016 - All rights reserved
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3.36

tailoring

process of choosing design characteristics/tolerances and test environments, methods, procedures,
sequences and conditions, and altering critical design and test values, conditions of failure, etc., to take
into account the effects of the particular environmental forcing functions to which material normally is
subjected during its life cyclelZ]

3.37

thermal runaway
uncontrollable condition whereby a cell or battery shall overheat and reach very high temperatures in
very short periods (seconds) through internal heat generation caused due to an internal short or due to
an aljusive conditionts]

3.38
vent
relegse of excessive internal pressure from a cell or battery in a manner intended,by design to preclude
ruptpire or disassemblyl[6][8][9]

4 $ymbols and abbreviated terms

BOL beginning of life

C capacity, expressed in ampere hours (Ah)
CC/QV  constant current/constant voltage

CID current interrupt device

DOD depth of dischargel3]

m
o
(@)
-
o~

end of charge voltagel4]
EODY  end of discharge voltagel4]
EOL end of life [4]

FMEA failure modes, effective analysis[4]

FTA fault tree analySis

GEO geosynchrohous earth orbit
GTO geosyyichronous transfer orbitl3]
GSE ground support equipment

[PA ise-propytic-ateohol

LAT lot acceptance test

LEO low earth orbit

LIB lithium ion battery

MSDS  material safety data sheetl8]
ocv open circuit voltagel3]

PTC positive temperature coefficient

© IS0 2016 - All rights reserved 7
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qu

UN38.3 Un

5 Cell

5.1 Perfo

:2016(E)

ality assurancel4]

state of charge

ited Nations UN Manual of Tests and Criteria, Part III, 38.3

rmance

5.1.1 Pur

This subcla
standards.

Each article
into the batf

The cell con
enclosed wi

The definiti
[EC 62281.

Recommend
flight cells s

5.1.2 Ter}

For the pu
definitions i

Cell operat

The conditid
and temper

of the cell operating region.[11]

pose

1se describes the electro-chemical performance as a single cell in harmony with

ery for space vehicle.

tained in a battery shall be described as a component cell and. a\cell whose content
Lhin a sealed flexible pouch rather than a rigid casing is expressed as “pouch cell”.

pns of the size of cell, such as a small or large format, shall be tailored from UN38.3

ed cell qualification test items are specified and the' requirement for quality assuran
hall be addressed.

minology

Fposes of understanding requirement of cell performance, the following terms
pply.

ngregion

ns during charging and discharging in which the cell operates within its voltage and cu
hture range as specified.by the cell manufacturer. See Figure 1 for a graphic represent

bther

specifies the items that shall be necessary to verify when specific cells;are to be assembled

5 are

and

ce of

and

rrent
htion
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o
E g - Vemum Charging Current (1c)
3 '
Q 1
2 ' Operating Region (Current) ,
= P : :
] 1 :
: 1 1
© : '

A |

T,~T,: Low Temperature Range
T,~T,: Standard Temperature Ranpe

@ Ty~ Ts: High Temperature Range
2] = P
m '
pd
§ : Upper Limit Charging Voltage
o e X RN XX RN XX HB XX HB KN HCB MR R NN R
£ :
- PSR N o
= ' Operating Region (Voltage) . '
o : : :

Y ¥y ¥

T, T, T; T, T

Cell Temperature (Surface)

Figure 1 — Diagram representing an example-of a cell operating region (e.g. from the Battery
Association of Japan)

Maximum charging current for safetyaspect

The maximum charging current in the<Cell operating region, which is specified by the cell manufacturer
for the safety reason.[11]

Charging current limits fot performances

The ¢harging current lifmits in the cell operating region, which is specified by the cell manyfacturer for
the gerformances redson, shall not exceed the maximum charging current.

5.1.3 Requirement for quality assurance

Cells| shall ‘B¢ manufactured under a quality management programme specified in United Nation
Recomniendation (see Annex E).

Acceptance tests shall be performed on cell level before the cells are installed in the battery-powered
flight hardware.

Acceptance testing for Li-ion cells shall include as a minimum: a) visual inspection; b) leak check; c)
dimensions and weight measurement; d) open circuit voltage; e) self-discharge, capacity or energy
tests; e) internal resistance. Some environmental and safety device testing such as vibration, extreme
thermal cycling, CID/PTC testing, etc. include acceptance test. In each testing, criteria shall be specified
by the battery manufacturer.

Test data trending(l]

Key cell performance parameters, such as charge retention, capacity or energy, voltage under maximum
load, and resistance, shall be monitored across successive manufacturing lots (trend analysis) to

© IS0 2016 - All rights reserved 9
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identify possible performance degradation due to unanticipated material or manufacturing variation
during acceptance testing.

Additional tests are carried out as for example: a) closed circuit voltage checks; b) cycle testing,

vibration; c)

thermal cycling, d) X-ray; e) impedance; f) LAT; g) electrical wear-out cycling.

Off-gassing/out-gassing tests shall be required for materials compatibility. Any cell displaying any
evidence of electrolyte leakage fails these tests.

Users shall verify that all cells intended for flight use are within the designated shelf life based on the
cell manufacture date as specified in the Limited Life Items data.

The overall

5.1.4 Cell

Standard c
(i.e. vibratid
appropriate

Recommend
Examples af

For the spac
test, radiati
are specifie

Leakage (h
Each cell sh
Criteria: Th

Safety Test

Each cell sh
ensure the d

Thermal
Cells shall b

hccuracies of controlled or measured values are commonly specified in Annex A.

qualification test

]l qualification test includes functional checkout (operational, cyclejs~yenvironm
n, thermal, thermal vacuum, radiation) and safety as stated in 5.2.1 or others as des
for the specific hardware and application.[2][12][13]

ed test items of the component cell qualification for the space vehicle are spec
e attached in Annex B.

b use, critical items for evaluations are hermetic test, safety testing, mechanical environ
bn, life cycling data and thermal/thermal vacuum test.The typical test method and crij
1, but not limited to, as follows or described rationalfer evaluation.

ermetic) test
1l be tested for leakage in cell/battery acceptance test
p maximum helium gas leakage equivalént rate shall not exceed 1,0 x 10-6 Pa-m3/s.

5

ell does not result in a scenario where flame or fire exists.

rmalv m [2]

e tested in an enviténment that encompasses the intended application as possible. The

environmernft, in particulargds@factor that significantly affects how a battery shall perform. Qualific

temperatury
to stress the
the integrity

Mechanical

e ranges shallencompass the mission temperature ranges and shall have a range suffi
hermeticity-of the cell. The cells shall also experience a vacuum environment to deter
r of the cell hermetic seal.

environmental test

ental
bmed

ified.

ment
teria

b1l be subjected to over-chargé, over-discharge, and over-current (short circuit testing) to

rmal
htion
cient
mine

Mechanical

environment tests including sine and random vibrations and shock tests values

encompass all possible space mission profile.

Examples of mechanical environment level for cells are described as follows.

10

Table 3 — Sine vibration

Qualification
Amplitude/
Axis Frequency/Hz
Acceleration
5-22 20 mm (double)
All axis
22-100 20 (9,8 m/s2)

shall

© ISO 2016 - All rights reserved
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Sweep rate: 2 octave/min.

Table 4 — Random vibration

ISO 17546:2016(E)

Axis Frequency/Hz Level
20-50 +6 dB/oct
50-300 0,2 (9,8 m/s2)2/Hz
Along the length of the cell 300-450 +12 dB/oct
Cell Z axis 450-700 1,0 (9,8 m/s2)2/Hz
700-1 000 -19,43 dB/oct
1000-2 000 -3dByo¢t
Overall 23,68:(9,8 m/$2) rms
20-50 +6 dB/o¢t
50-100 0,1 (9,8 m/s?%)2/Hz
100-150 +17,1 dB/¢ct
In the plane of the cell
150-250 1,0 (9,8 m/s?3)2/Hz
Crosp section
250-284 -12 dB/ofct
Cell Xand Y axes for rectangular shape
284500 0,6 (9,8 m/s%)2/Hz
Cell R axis for cylindrical shape
500-783 -12 dB/ofct
783-1 000 0,1 (9,8 m/s?)2/Hz
1000-2 000 -3 dB/o¢t
Overall 21,19 (9,8 m/42) rms

Duration time: 180 s per each axis.

Table 5 — Shock

Axis Frequency/Hz Acceleration (xp,8 m/s2)
200 24
All axis 1400 4,200
4000 4,200

Three times per.axis.

Radiation test

Cells| shall be exposed to the cumulative radiation dose, as a minimum, as specified for [the mission
envitonment

Life cycle test

Life tests shall be performed for lot performance verification and for mission lifetime demonstration.

The life test for lot performance evaluation purpose shall be also included in a lot trend analysis. The
supplier shall propose a representative wear out life test using accelerated conditions for current and
cycle duration. The total energy (or capacity) degradation shall be checked after a defined number of
cycles. An example of test procedure is given hereafter.

a) Forlotacceptance: DOD 100 %:
1) Temperature Tpat (°C) (Tamb/Tbat): defined by battery supplier typically at ambient

temperature);
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2) CC/CV; Charge current 0,5 C (A)/EOCV: V¢, (V): defined by battery supplier;
3) CC; Discharge current 0,5 C (A) to EODV: Vyjsch (V): defined by battery supplier.

Standard capacity measurements shall be performed before life test and every 100 cycles.

5.1.5 Models for analysis

The following information shall be clearly defined by battery supplier based on cell suppliers’ information
for the battery design evaluation, if available, and their information shall be provided to battery assembler.
Models shall be correlated with on-ground and on-orbit experimental data, where available.

a) Heat gelneration and thermal model
To evalyate worthiness of thermal design of the battery.
b) Structural model

To evalyate worthiness of structural design of strength and stiffness of the battery.

c) Life (aiing) model

To evalyate worthiness of electrical power storage performance with appropriate margin thrpugh
the life ¢gycle.

5.2 Safety

5.2.1 Purpose

The purpose of this Clause is to clarify the dangerousphenomenon of independent cell and equipped
safety features. Necessary test items for safety are provided.

The safety tests that shall prove two-fault tolerance to catastrophic hazard are performed as parf of a
qualification test program and repeated for €ach newly purchased lot of the same battery.[2]

5.2.2 Defjnitions and control of dangerous phenomenon
Hazard description

This subclayse identifies thepetential hazard when a cell shall be treated independently. See Annex C.
Potential hazards whichare’the subject of this International Standard are as follows:[2][14]
a) fire;

b) burst/explasion;

c) leakage'ofeetretectrotyte;

d) venting;

e) burns form excessively high external temperatures;

f) rupture of battery case with exposure of internal components;
g) smoke.

Protective devices as a hazard control

For the purpose of hazard control, some protective devices shall be equipped within a cell. Although these
protective devices are reliable in single cell use, it is necessary to evaluate their ability within a multi-
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cell battery. In case of multi-cell battery, delivery protection device shall be implemented at module or
battery level. Typical example of the protective devices for hazard control shall be described as follows.

5.2.3

Electrical fuse

A protective device containing a piece of metal that melts under heat produced by an excess current

in a circuit and latching current limiters(ex), thereby breaking or opening the circuit
current limiters (externally resettable) also may be protective device instead of fuses.

- . levice (CID)

[8]. Latching

The CID is activated when the cells build up excessive pressure that usually occurs when the cells

re overcharged to voltages close to or above 5 V.

ositive temperature coefficient (PTC) device

polymeric or ceramic element which has a very low resistance and congducts eleq
ery little loss until a critical temperature or current range is reached. Upor reaching :
ritical range, the internal resistance of the PTC increases exponentially,preventing tH
low of current by the driving voltage applied. Resistance increase-is.typically five to
agnitude over a temperature range of 25 °C. Upon cooling below: the critical temper
fesistance of the PTC device recovers to nearly the same resistance as originally found

Thermal fuse

\ fusible link electrical element that conducts current while it is below a criticg
emperature. Once this threshold temperature is exceeded, the current-carrying cay
hermal fuse is irreversibly terminated, typically by melting a circuit breaker elemen
pring to disconnect the circuit.[8]

7N

By- i

A by-pass device is used to irreversibly by-pass cell package or strings at battery level y
r temperature over passed the opefating range.

ost cells contain a vent‘mechanism, which is designed to release internal pressure
anner in order to prevent any violent rupture of the battery case. The ventis often an i
eakened part of the_cell case, which shall pop open before the case ruptures violg
efore burst desigh.is also used to prevent any risk of violent rupture of the cell case.

h

eltdown of the middle polyethylene-layer of the three-layer separator.

arge cells consist of the shutdown separator, vents, and a fusible link to the electrd

tricity with
) predefined
e continued
bix orders of
hture range,
[8]

1l threshold
acity of the
t allowing a

rhen voltage

in a benign
ntentionally
ently. A leak

he shutdown separator is activated when the cells reach a certain temperature that causes a

de as levels

of protection. The shutdown separator 1s activated when the cells reach temperatures of close to
130 °C. The fusible link melts at specific currents, which then inhibits any hazardous occurrences
during an external short condition. The vent typically operates above 1,03 MPa and the vent can
sometimes be a level of protection to a catastrophic hazard but the cells typically do not perform
after venting.

Safety testing

Mandatory safety test shall be conducted for the transport regulation as specified in “United Nations
Transport of Dangerous Goods UN Manual of Tests and Criteria, Part III, subsection 38.3” (UN38.3)
in case of the international transportation as a cell level. The manual of tests and criteria specify the
purpose and test measures.

© ISO 2016 - All rights reserved
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Considering the space qualification tests, some safety test such as vibration and shock in UN38.3 shall be
merged or involved as equivalent test condition. Since toxicology assessment and report (independent
materials usage and toxicological memos) shall be required for the following stage of battery level or
space vehicle safety evaluation, destructive physical analysis (DPA) with electrolyte analysis shall be
necessary for space use.[12]

noise thatre

As an additi
the tests.

while the su

The test ared

All personne

temperature

For protectig

Important test considerations

Some lithium ion cells or batteries are capable of exploding when the tests are conducted out of the cell design
limits: mainly overcharge or over temperature ranges.

Itis important that personnel be protected from the flying fragments, explosive force, sudden release of heat, and

Sults Irom such explosions.

is to be well ventilated to protect personnel from possible harmful fumes or gases.

| involved in the testing of lithium batteries are to be instructed never to approdch-a lithium ba
Irface temperature exceeds 90 °C (194 °F) and not to touch the lithium battery while the su
exceeds 45 °C (113 °F).

n, all the testing shall be conducted in a protected room separate from the observer.[11]

nal precaution, the temperatures on the surface of the battery casings shall be monitored dyring

Ltery
rface

T1 High alti
This test shd

integrity an

T2 Thermal

This test sh

to 72 °C duy
qualificatio
T3 VibratioI

This test sh

transportat

much severg

Fatigue stre

In space usg

shall be pe

environmenits taking inte account the amplification factors.[13]

T4 Shock

This test sh
environme

fude test

1l be specifying the ability to withstand in low pressure.during air transportation, to eva
l hermetically seal. For space vehicle use, this test shall be merged with thermal vacuum

test

hll be specifying the ability to withstand indereseeable thermal environment from —4
ring transportation. For space vehicle use, since this temperature range is wider
test, this thermal test shall be conducted separately from qualification test.

ons. For space vehicle usgythe acceleration level of vibration test for space qualificati
r. Therefore, the vibrationtest in UN38.3 shall be merged with qualification vibration|
5s shall be appropriately considered to set the duration time.

Fformed maindy)dt battery configuration level using the satellite and other space

nll'be'conducted at battery configuration level to evaluate the ability to withstand g

, the vibration testis also considered as screening test for internal short circuit risk

luate

test.

10 °C
than

all be conducted to evaluate the ability to withstand the vibration environment dyiring

on is
test.

and
craft

hock

t during transportations. For space vehicle use, the acceleration level of shock teg

t for

space qualification is much severer. Therefore, the vibration test in UN38.3 shall be merged with
qualification shock test.

T5 External

Typical failures

Cell level

short circuit test

: inadvertent shorting across terminals; hard-blow/thermal fuse failure, if used

: external hard short is deliberately imposed on the cell under carefully controlled

conditions.

Test conditions of external short in accordance with UN 38.3 in forces (e.g. less than 0,1 Q at
55°C+2°Q).

14
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T6 Internal short circuit test (impact/crush)

Presence of impurities (metal burrs, particles, dust) that are dislodged due to vibration (manufacturing
defect) are common causes of short circuits simulated mechanical abuse from an impact or crush that
results in an internal short circuit. Test conditions are different by the shape of cell case or dimension.

When assembling batteries which consist of lithium-ion cells procured from other countries, it is
necessary to use the cells that passed the UN 38.3 test by the original cell manufacturer.

T8 Over discharge test

Typical failures :low-voltage cut off (in equipment) failure; protective circuit board failure.

Test pondition : each cell shall be forced discharged at ambient temperature by conneécting it in
series with a power supply at an initial current equal to the maximarydisgharge cur-
rent specified by the manufacturer.

Optipnal test

The following tests are considerable for the option.

a) High temperature and heat-to-vent

Temperature tolerance on cells and determination of thermral'runaway temperatures.
Requires cells be well instrumented with thermal and pressure measuring devices.
b) Vent and burst pressure test (only for cell designed with vent system)

Design criteria: vent/burst pressure ratio <3,0:

Vent pressure test shall be performed as per the following example, on a basis of two cgll cases that
lhas completed pressure cycling test and'ene cell case that is not used for pressure cycl¢ test.

1) Pressurize the cell cases to Pi'MPa-G while Pi means initial pressure.
2) Leave the cell cases for 1anin.

3) Confirm that there is-no’crack on rupture plate.

4) Add 0,05 MPa G-to_cell cases.

%) Leave the cell’éases for 1 min. If crack on rupture plate occurs during 1 min, record the value of
pressure/as\Pv MPa G.

6) Othetwise, repeat 4) and 5) until rupture plate operation.

T) ARecord the value of pressure at rupture plate operation.

[ o N 3= ] PPNEE PR TG Yy alat Lall L N 3 A | £ N C MD 3] /A 3 f
Crieeria—vo—€trac ot raprtureprarte—Stamr ot 0oServea—at u;o— vt a 0 1€SS—operatitg pressure o

rupture plates of Pv shall be more than 3,0 times of Pi respectively.

5.3 Logistics

5.3.1 Purpose

The requirements set forth in this Clause apply to the handling, storage, maintenance and transportation
of cells during ground activities preceding pre-launch activities.

These requirements shall be defined in the cell specification and/or storage and handling procedure
so as to minimize pre-flight degradation. Storage, handling, and maintenance methods shall be in
accordance with practices that minimize safety hazards to personnel, facilities, and flight hardware.[1]
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Rough handling results in cells being short-circuited or damaged. This causes leakage, rupture,
explosion or fire.[10]

Regulations concerning international transport of lithium ion batteries or cells are based on the
recommendation of the United Nations Committee of Experts on the Transport of Dangerous Goods.

Each country or region’s law or regulations and/or directives follows. Therefore, prior to the
transportation, the latest editions of these regulations shall be consulted.[10]

Manufacturers of cells (and batteries) shall ensure that equipment manufacturers and, in the case of
direct sales, end-users are provided with information to minimize and mitigate these hazards.

It is the equiipment manufacturer’s responsibility to inform end-users of the potential hazardscrjising

from the us¢ of equipment containing secondary cells and batteries. See Annex C.[2]

5.3.2 Celllmanufacturing, storage and testing

a)

b)

d)

f)

16

Cell handling, storage, and maintenance methods validated as part of development and/or
qualificption tests shall be documented in the storage and handling procedure,[1]

Cell stdrage, handling, and maintenance methods shall be in accordance with practices| that
minimize safety hazards to personnel, facilities, and flight hardware.[11

The makimum shelf life limit shall be defined for the cell that includes the maximum exposure|time
to ambignt temperature conditions.

Recordg shall be maintained that document the temperature exposure and periodic cell-leve] SOC
of flightf hardware.[1]

For ext¢nded storage, physical protections shall be granted.[1]
Recommended conditions for visual inspection ©f flight hardware are as follows.

1) Inspection of the cells is performed to.show that it is free from all visible contamination|such
as fingerprints, particles, corrosion_products, metal chips, scale, oil, grease, preservatives,
adhesives, and any foreign material.

2) Ultraviolet inspection, speeialdights and mirrors considered aids to visual inspection shall be
used.

3) Components and cleahing materials shall only be handled with clean plastic gloves.

4) Cellto cell and c€ll'to case junctions are sealed with insulation material (tape, specific cap| etc.)
Thd exterior shall be thoroughly cleaned with IPA immediately prior to packaging for shipient.

5) Thg packaging material in contact with the cell is sterile or thoroughly cleaned with IPA
pri¢r to.use.[2]

At all times, cells shall be maintained within a controlled temperature and humidity environment
to maximize battery life and prevent water condensation.[1]

—

High temperature of high humidity causes deterioration of the battery performance and/or surface
corrosion.[10]

General cleanliness and contamination control requirements shall be addressed during the
manufacturing and testing of flight cells. In addition, special precautions shall be taken during final
assembly to limit the numbers of trapped micro debris in the cell.

When not in use, cells shall be placed in low temperature environment as mentioned by the cell
supplier, whenever practicable, at an appropriate SOC (defined and qualified by the cell supplier) to
reduce storage degradation effects.[1]
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5.3.3 Safety measure for handling

The following are requirements for safe handling of lithium ion batteries:

Common items to be considered are described in Annex D.

5.3.4 Cell transportation

Common items to be considered for transportation throughout the life cycle are described in Annex E.

6 1

6.1

6.1.1
This

for the LIB for the space vehicles, maintaining space quality. The focusing-issue here is the

for t]
stan

6.1.2

For {
defin

C/n ¢

The
capa
For ¢

Cut-off voltage

End

Cycle

Usudlly one cycle is one'sequence of fully charging and fully discharging a rechargeable ce

[6] T
such
DOD
SOC

Set d

Battery

J

Performance

Purpose

subclause describes the minimum items of performance to satisfy for,the fundamental §

e LIB for space use. The importance is addressed into the evidences for life estimati
I point of mission assurance.

Terminology

he purposes of understanding requirement of battery performance, the following
itions apply.

tharge or discharge current (C-Rate)[1][2](3]

constant charge or discharge current for a battery is defined as C/n. C is the cell-levg
City in ampere-hours (per vendor’s criteria) and n is any value for elapsed time measuj
xample, a discharge current of C/2.for a 20 Ah rated cell is a discharge current of 10 A

oint voltage as specified by)the manufacturer in discharge sequence.

h

his is used mainly for full energy or capacity checks. On the other hand, one cycle
as LEO operation is a sequence with a partial charge (EOCV limit) and limited dis
, which is'defined as one partial cycle (e.g. discharge from SOC = 100 % to 80 % and
= 80 %°to 100 %).

requirement
terminology
bn, from the

terms and

1 nameplate
ed in hours.

1 or battery.
of batteries
charge (low
rharge from

fcoperations that is carried out on a secondary (rechargeable) cell or battery and

is repeated

regu

. | . 1
dlTy HI'UIC S4IIIC SEYUCITICCE,

These operations consist of a sequence of a discharge followed by a charge or a charge followed by a
discharge under specified conditions. This sequence shall include rest periods.[19]

Depth of discharge(DOD)[11(2][3][10]
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The battery depth-of-discharge (DOD) is the ratio of the number of watt-hours removed from a battery
for a defined charge voltage-current profile, discharge load profile, and temperature profile to the
battery nameplate energy E(Wh), times 100. For a lithium-ion battery, the DOD shall be specified at a

state-of-charge (SOC) operation or a voltage that relates to SOC operation.

Battery DOD (%)

NOTE

E [Wh) REMOVED

E (Wh) NAMEPLATE

x 100

€y

For batteries that are subcharged, i.e. not recharged to full energy, DOD is the percentage of energy

expended in a discharge from the subcharged point. For example, a battery that is subcharged to 70 % SOC and

then cycled d

own to 40 % SOC is considered to have cycled over 30 % of its energy and the DOD is 30 %.

Highest chal
taking into

'ging voltage in the cell-operating region. This value is specified by the batterymarnufac
ronsideration the life requirement. In some cases, it is necessary to define,ah.end of cli

voltage value lower than the value of cell manufacturers’ definition for the nameplate‘capacity, to

the capacity

Energy

Battery ene
positive val
integration
cell reaches
time energy
and temper

degradation.

rgy is equal to the integral of the product of discharge current and voltage, where
he, is the discharge current and Vg, a positive value, is the discharge voltage. The lim
are from start of discharge to either the minimum battery voltage limit or when the
the lower cell voltage limit or when defined time duration is reached. This is a poil
value that is measured at a defined charge voltage-clrrent profile, discharge load pr
hture profile. Battery discharge shall be accomplished with constant current disch

however, constant power discharge is the preferred method if it more closely simulates space

power. This

Energy (|

Energy den

is also sometimes called watt-hour capacitys
Wh) = [[(14xV,)-de

sity

Quantity of
hours per ki
be most use

Total amou
maximum a
battery volt

Fully charg

energy stored by a cell or abattery per unit weight or unit volume. Typical units include
o-grams (Wh/kg) for spegific energy, watt-hours per liter (Wh/1) for volumetric energ
ul, energy densities shall be measured at a specific discharge rate and temperature.[8

[11(2]

t of usable energy in watt-hours remaining in a battery, which has been discharged t
lowed DOPD under normal operating conditions to either the minimum power subsy
hoe limiter when the first cell reaches the lower cell voltage limit.

edf6]10]

rurer
arge
limit

Ig, a
ts of
first
ht-in-
ofile,
arge;
craft

(2)

watt-
y. To

p the
stem

Rechargeab

e cell or battery which has been electrically charged to its end of charge voltage as specified
by manufacturer.

Fully discharged![6][10]

Rechargeable cell or battery which has been electrically discharged to its end point voltage as specified
by manufacturer.

Nameplate capacity

Nameplate capacity (Ah) shall be defined by battery module supplier considering the nominal capacity
and the minimum guaranteed capacity.

Battery supplier shall inform the nameplate capacity with nominal capacity to their user and associated
conditions for definition.

18
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Nominal capacity

Nominal capacity shall be defined as standard method for capacity measurement which is described in
this International Standard (see 6.1.3).

Nameplate energy!2![9]

Nameplate energy (Wh) shall be defined by battery module supplier considering the nominal energy
and the minimum guaranteed energy. Battery supplier shall inform the nameplate energy with nominal
energy to their user and associated conditions for definition.

Nameplate energy in the watt-hour rating shall be marked on the battery module by permanent method
with|the following definition according to the United Nations recommendation:

Nameplate energy (Wh) = Nameplate capacity (Ah) x Nominal voltage (V)

NOTH Nominal voltage is measured and defined by battery supplier.

Nomiinal voltage(©]

Approximate value of the voltage used to designate or identify a cell or'battery.

Nomjnal voltage shall be defined and informed by cell suppliefbased on the capacity m
with|the conditions of end of charge voltage and cut off voltage,

Nomjnal voltage shall represent average discharge voltage @btained during the nominal caj

State of charge

(3)

easurement

bacity test.

Ratig of the number of Ah or Wh present in a battegy for a defined charge voltage-current profile, discharge

load

profile, and temperature profile to the rated\energy E (Ah or Wh) of the battery, times 10
E (Ah or Wh)
Hattery SOC (%) = PRESENT . 100
E(Ah or W) gy repy

The gvailable capacity in a cell or.battery expressed as a percentage of rated capacity.[3]

6.1.3 Basic performance
Standard method for'capacity measurement

Stanglard capacity)shall be measured according to the following protocol.[12]

Preparation

The«following information shall be clearly defined by battery supplier based on ce

0.1

(4)

Il suppliers’

fecommendation prior to the measurement of capacity. Their information shall be

provided to

their end user:

1) charging protocol; CC-CV or CC-CC;

2) applicable design value of constant charge current;

3) end of charge voltage;

4) charge end condition; charge current ratio, e.g. C/100, or charge duration time, e.g.
5) discharging protocol; constant current or constant power;

6) applicable discharge current;

7) lower voltage limit at the end of discharge;

© ISO 2016 - All rights reserved
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8) temperature representative point as thermal control reference.

battery

suppliers’ definition.

until defined voltage limit.

e)

Measured discharge capacity shall be recorded as nominal capacity.

Discharge remaining energy with applicable constant discharge current until lower voltage limit.

After representative temperature come into stable, perform charging protocol according to the

After representative temperature come into stable, perform discharge with applicable protocol

Battery int

This measuj

The interna
the operatid
duration pu
resistance i
resistance v

B rvim

This measu]

The impeds:
representat
frequency r

6.1.4 Life

Prnal resistance (ohmic)

ement shall be performed as required.

| resistance of each battery shall be determined at 2 SOC values (e.g. 10 %.and 90 9
nal representative temperature which is specified by battery manufacturer, using a
Ise technique, then calculating the AV/AI values. It is noticed that the'battery int
5 depending on the cell and battery design but also on the measurifig)techniques. Int
alues evolve considering the SOC, the time to perform the measurement.

pedance
ement shall be performed as required.

nce of each battery shall be measured at a spécified SOC value for the operat
ve temperature which is specified by battery manufacturer, using a specific analyser
inge in adequacy with mission specification (typically range from 10 Hz to 100 kHz).

test demonstration

Battery quallification includes life test demonstration which is performed at cell level and/or ba

configuratid
The followi

The life teq
accelerated

n level depending on the mission.
1g conditions are the typical usage for the space vehicle use.

ts for qualification or,life demonstration shall be performed using real time ay
conditions.

It is recommended to performiclife test on hardware that have been submitted to vibration te

and/or radij

tion environment.

For GEO pr

file, real-time corresponds to repeated, up to 30 times at least (corresponding to 15 yz¢

eclipse perigds with45d, 1 cycle/day of eclipse simulation and 135 d of solstice with or without plg
propulsion peak simulation.

In accelerat¢d-conditions, the solstice period is reduced from 135 d to a few days and the eclipse p

) for
thort
brnal
brnal

ional
with

ktery

1d /or

sting

bars),
smic

briod

is shortened by using Z cycles per day.

a) For GEO simulated

The GEO simulated, eclipse profile uses periods of 45 cycles with the GEO eclipse profile.

1) Temperature Tpat (°C) (thermal chamber temperature regulation/Tha: defined by battery
supplier). The temperature has to be representative of the thermal environment seen during

the
2)

mission by the battery. 15 °C or 20 °C shall be the reference temperature.

22,825 h/EOCV: V¢, (V): defined by battery supplier.

3)

up to 70 % to 80 % DOD.

20

CC (constant current) or CP (constant power)/CV; charge current from C/5 to C/10/duration

CC or CP; discharge/duration: GEO profile with 1,175 h max achieved at day 23rd of the eclipse
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4) Days of solstice period with CV charge to EOCV defined by the supplier.
The GEO life test is performed using the selected balancing system for the battery, if applicable.

Standard method for capacity measurements shall be conducted before life test and periodically:
after each or two seasons period up to season 30th, at minimum.

For LEO, mission profiles are different depending on the satellite type. However, the standard real-
time corresponds to repeated 90 min cycles: 60 min charge and 30 min discharge.

b) For LEO simulated

[]— Temperature Tpat (CC) (thermal chamber temperature regulation/Tpa: defined by battery
supplier).

2) CC/CV;charge current 0,3 Cto 0,5 C/EOCV: V¢, (V): defined by battery supplier.
3) CC; discharge current 0,5 C.

Balancing system shall be also included to the test, if applicable.

$tandard capacity measurements shall be performed before life test'and every 1,000 cycles or less.

c) For launch vehicle: simulate ground storage and usage atdaunch phase

The launch vehicle missions are specific to the type_.ofdlauncher and the battery fynction. The
rofile shall be derived from the mission profile.

f batteries are used for flight termination system; tracking system, or telemetry system, mission
rofile of batteries shall include abnormal conditions to ensure the safety functions.

6.1.3 Design requirements

Gengral requirements(2](8]

The ¢lesign of a multi-cell battery shall ensure electrical continuity, mechanical stability, and adequate
therial management. The battery.shall provide both the energy/capacity and current reqyiired within
the vljoltage limits of the application. The performance of the cells in a multi-cell battery shjil usually be
diffefent than the performance of the individual cells. The cells cannot be manufactured id¢ntically and
each|may encounter a somewhat different environment in the battery.

The flesign of the malti-cell battery (such as packaging techniques, material of structurg, insulation,
and potting compounds, connecting, safety components) shall influence the performancefas it affects
the gnvironmentand temperature of the individual cells.[15][16]

Electrical design

Batte¢ny-electrical design shall minimize the risk of leakage currents from the cell termlinals to the
batterycaseorceltvolttage monitoring circuitry-and-etectrostaticdischargeamd-shattnreet all EMI and
compatibility requirements for the application. Battery charge control is required for LIB to avoid the
hazards associated with overcharge and shall be developed along with battery design.

Batteries and battery structure shall be designed to survive all environmental conditions of a mission
or application. This includes launch/abort/landing loads, transportation, and handling environments.
Mounting or sealing of cells in a battery case does not interfere with cells vents or rupture plate.

Thermal design
Battery designs that retain the heat dissipated by the cells improve performance at low temperatures.
On the other hand, excessive build-up of heat can be injurious to the battery’s performance, life, and

safety. The battery thermal design shall maintain an optimal temperature range for all the cells in the
battery within the expected environmental conditions.
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Mechanical ign
Battery mechanical design shall be in accordance with the launch site requirements and the customer
from mechanical margins which include the burst pressure versus the max operating pressure.

11- 11 balancing mechanism

During charging, differences in individual cells lead to differing voltages in cell groups. Some cells
are undercharged, with a result of decrease in the overall battery capacity. Conversely, some cells are
overcharged, with the result of cell damage, shortening of life cycle, or the creation of safety issues.
In order to achieve a uniform SOC, consideration shall be given to, including a cell-to-cell balancing

mechanismsfor use dnring battery r‘h:lrging systems

Marking

Batteries m

outside casd.

Marking sh{

(Reference |

anufactured after 31 December 2011 shall be marked with the watt- hourcrating o

1l be confirmed according to each mode of transport regulations.

0])

6.1.6 Requirement of quality management

Cell screen|

This subclat
in a battery

Ing tests[2]

system.

n the

|se provides a summary of the screening tests that shall be performed to match cells fofr use

Cell matchiing shall be performed regardlessy of the battery chemistry chosen or| the
qualification/acceptance testing to be performedyifthere is no cell-balancing system.

Polarizati ing (optional)

The electrochemical activity of a cellsis*determined periodically by measuring its voltage-current
relationship{ using polarization.

The proposed method to perform the polarization test is as follows.

These tests are performed by applying the required current (five or six different current settings wjithin
the capabilities of the cel*used shall be chosen) in charge mode for about 20 s and then in discharge
mode for abput 20 s.

NOTE Exceeding-the rated current carrying capability of a given cell leads to permanent damage evé¢n for
short-term efposures such as this. Choose test current density values carefully.

In this way he-eel-S06shallremainapproximatelythe sameattheend-of the testasitwasat the

beginning of the test. This test shall be done at 25 %, 50 %, and 75 % SOC.

The degree of linearity of the plotted data (voltage as a function of current density) indicates whether

the electrod

e is exhibiting kinetic or concentration polarization effects.

Kinetic effects and poor mass transport properties are evidenced by nonlinearity at low and high
current densities.

The internal resistance of the cell can be calculated by determining the slope of the discharge curves at
each of the SOC.

Cell resistance can also be measured with an impedance bridge at 1,000 Hz.

22
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This measurement generally is in good agreement with the resistance calculated from the slope of the
voltage-current relationship.

Self-discharge rate test

This simple test involves stopping during charge and/or discharge cycles at specific intervals (usually
based on SOC) and observing the rate of decay for a fixed time interval (e.g. 72 h).

Usually 25 %, 50 %, 75 % or 100 % SOC are chosen for convenience. Cells with steeper decay rates shall
be eliminated from consideration.

Screg¢ning tests shall be tailored to individual cell types (Capacity/energy checks, weight m
internal resistance checks, voltage profile, self-discharge). A series of combination cyeles sh|
ineer to identify deviations in cell behaviour.

Cell

A do
data

Cell

the g

The

xample, 1,5 Ah lithium ion cells shall be cycled in the following way for séreening pury

basurement,
all allow the

0ses.

halysing the plotted data, performance differences are easily seen.(Begin witha Cr

rt period of time (usually for several minutes, the same wait timhe shall be used for al
type). At the end of the wait state, observe and note the vaeltage decay and then do t
al discharge:

ischarge at C/1 for 1 min, then without hesitation, switch to a C/10 discharge down
raphical data shall be plotted using the same scale values;

he resulting voltage versus time curve shall be an upward sloping charge curve with
eaks, followed by a self-discharge dip or not¢h, attached to a steep downward curve t

lurns upward caused by the reduction in the'discharge rate;

the difference between the C/1 discharge and the upturn resulting from the abrupt
dlischarge rate allows the internal:resistance of the cell to be determined. Finally, aft¢
fise, the discharge curve decreases back down into a more typical slope;

¢ontinue to test the cells inivguestion for about 50 cycles. After about 50 of these sp|
gnalyse the data to pick put-the cells which are assembled into a string of cells.

q
matching criteria

cument shall be.written that defines the cell matching criteria for the flight lot and |
that supportS.ithe selection of a specific criterion depending on the cell design and sup

matching. criteria for the flight battery shall be enveloped by the beginning-of-life per

ualification life test cells that utilized flight-like charge control for balancing during te

e charge at
hing from C/1 to C/10 to a maximum of 4,2 V. Then switch the cell\t@open circuit (or ;Eit state) for

cells of the
he following

to 2,4 V. All

he expected
hat abruptly

decrease in
br the initial

ecial cycles,

brovides the
plier.

formance of
st.

réllmatching criteria shall include capacity and resistance data at a defined voltage.

To maximize cell matching throughout life, all flight cells within a battery series/parallel configuration
shall be exposed to the same electrical and temperature test conditions.

As an example, if one module of a battery is exposed to proto-qualification levels, the second module of
the same battery is also exposed to proto-qualification levels.

C s 1

At all times, battery shall be maintained within a controlled temperature and humidity environment to
maximize battery life and prevent water condensation.[1]

High temperature of high humidity causes deterioration of the battery performance and/or surface
corrosion.[10]
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General cleanliness and contamination control requirements shall be addressed during the
manufacturing and testing of flight battery. In addition, special precautions shall be taken during final
assembly to limit the numbers of trapped micro debris in the battery.

Test data trending/l]

Key battery performance parameters, such as charge retention, capacity or energy, voltage under
maximum load, and resistance shall be monitored across successive manufacturing lots (trend analysis)
to identify possible performance degradation due to unanticipated material or manufacturing variation
during acceptance testing.

Flig] ificati —

Acceptance [testing for Li-ion batteries include visual inspection, vacuum/leak check, dimensiens and
weight meapurement, open circuit voltage and closed circuit voltage checks, cycle testing) vibrgtion,
and thermal cycling or capacity tests at different temperatures.

Off gassingfout-gassing tests shall be required for materials compatibility. Any cell"displaying any
evidence of lectrolyte leakage fails these tests.

Users shall yerify that all batteries intended for flight use are within the designated shelf life bas¢d on
the cell manufacture date as specified in the Limited Life Iltems data.

Assurance pf the life estimation|>]

The following are the recommended measure to establish of liferestimation. It is important npt to
depend on the numerical model of life prediction too much:

a) life testiing of battery for service-life expectancy confirmation shall be conducted under a get of
conditigns that envelope the mission battery load range, charge-control methods and conditions,
and tenjperatures through all mission modes and-states;

b) test duration shall include margin to demonstrate the required battery reliability and confidence
level frgm the number of test samples;

c) for cases where a time-acceleration factor has been established and validated by previous lifg-test
results,|the established acceleratioft:factor is used;

d) for casgs where a time-acceleration factor has not been established by previous test results fo be
valid fof the mission duration/and conditions, the time-acceleration factor shall be based on|data
and andlysis to be provided-to and approved by customer.

Requiremept for quality assurance

Battery shall be marufactured under a quality management programme.

The overall toletances of controlled or measured values are commonly specified in Annex A.
Battery testitighi2]

Typical testing includes functional checkout (operational, cycle), environmental (i.e. vibration, thermal,
thermal vacuum), electromagnetic compatibility, power quality, or others as deemed appropriate for
the specific hardware and application.

The vibration spectrum varies depending on the cell construction and tolerance of the cell to internal
shorts. The information for vibration testing is provided in the section on short circuit hazards below.

The safety tests that shall prove two-fault tolerance to catastrophic hazard are performed as part of a
qualification test program and repeated for each newly purchased lot of the same battery.
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Development testing(1](12]

The objective of development testing is to identify problems early in the design evolution so that any
required corrective actions shall be taken prior to starting formal qualification.

Development testing shall be conducted for a new or modified battery design, new or modified module
design, new or modified cell design, new application, or new supplier of cell, module, or battery.

Development testing shall be used to confirm performance, structural margins, dimensional
requirements, compatibility to pre-launch, launch and space environments, manufacturability,

testability, maintainability, reliability, and compatibility with system safety.

Development tests shall be conducted, when practical, over a range of operating conditions

the
cont}

Charge control testing

The |
cont

Cont
(if re¢
conti
conti

Char

Ther

Ther]
prov

Cont
suffi
requ

esign range to identify margins in capability. Operating conditions include temperatur
rol conditions.

battery shall be tested with flight-like charge control electronics to determine whethe
ol method and conditions are consistent with required battery performance throughout]

ol parameters to be used, such as voltage, temperature, current, and cell balancin

rol design that shall meet the requirements for all vehicle operations, including sun
ngencies.

ce control electronic designs shall be validated during the life cycle test.

mal control testing

mal testing of a battery shall be performedto determine whether the thermal control
sions are consistent with and satisfy battery requirements.

ol parameters to be used, such as témperature and temperature gradients, shall be c}
Ciently for a flight-type battery to demonstrate a thermal control design that shg

A val
ther

a)

b)

riety of thermal tests shall be performed to validate thermal characteristics and redug
al issues occurring during qualification test:

hermal characterization tests shall be performed at the cell, module, or battery ley
calorimeter, thermal vacuum, or temperature-controlled environment, to aid in thg
orrelation. This data validates the cell-level thermal dissipation or quantifies 4

emperatures-and gradients as a function of charge/discharge conditions;

thermal conductance test shall quantify the rate of heat transfer through a materi
n intérface. Specific applications include measuring the directional conductivity 9 in

that exceeds
b and charge

r the charge
mission life.

g capability

bquired) shall be characterized sufficiently for a flight-type battery to demonstrdte a charge

periods and

method and

1aracterized
11 meet the

rements for all mission conditions and vehicle operations, including sun periods and contingencies.

e the risk of

el, either in
rmal model
he external

al or across
composites,

he_conductance across cabling, and verification of thermal blanket performance, d

r any other

potentially significant heat conduction path, such as from the cell to the radiator or across battery-
to-space vehicle interfaces;

c) athermal balance test at a unit level provides data for thermal model correlation and verifies the
thermal control subsystem. This test verifies heaters, thermostats, flight thermistor, radiators,
heat pipes, etc., and demonstrates temperature and heater margins.

Mechanical test

The objective of mechanical development tests includes the validation of new technologies and design
concepts, the correlation of analytical models, if exists, the quantification of requirements, and the
reduction of risk.
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Typically, an engineering cell, module, or battery unit is exposed to simulated environments to assist in
the evolution of conceptual designs to flight articles.

Resonance searches of a unit shall be effective to be conducted to correlate with a mathematical model
and to support design margin or failure evaluations.

Development tests and evaluations of vibration and shock test fixtures shall be conducted prior to first use
to prevent inadvertent over-testing or under-testing, including avoidance of excessive cross axis response.

Qualification testl1]

a)

Qualification tests shall be conducted to demonstrate that the design, manufacturing process,

and acc

eptance program produce battery hardware that meets specification requirements

with

adequate margin to accommodate normal production variation, multiple rework, and test-cycles.[15]

b) The qualification tests shall validate the planned acceptance program, including test technifjues,
procedyres, equipment, instrumentation, and software.

c) Each type of battery, module, or cell design that is to be acceptance-tested shall undeigo a
corresppnding qualification test.

d) A qualifiication test specimen shall be exposed to all applicable environmental tests in the order of

the qua

ification test plan.

Qualification test levels and duration

To demonst
hardware td

Qualificatio
or cause uf

In-process|

Parts, wirin
controls and

Compliance
requiremen

Data collec]

In all instan

rate margin, the qualification environmental conditions shall stress the qualific
more severe conditions than the maximum conditions during service life.

h testing, however, shall not create conditionsthat exceed applicable design safety ma

htion

rgins

irealistic modes of failure. The qualification test conditions shall envelop those o¢f all
applicable missions.

(nspections and tests
b, or materials that are not adequately tested after assembly shall be subjected to in-pr
in-process inspections during their manufacture.

cess

with the documented progess controls, inspection requirements, and general workmanship

s, shall be verified.

. l

Ces, the numetical values for voltage, temperature, current, capacity, and resistance sh

recorded when requitred, instead of only indicating PASS or FAIL against a range of values provids

the test plan.

Voltage, cur

rent,; and temperature data shall be recorded at rates and accuracy sufficient to v

11l be
ed by

erify

compliance

s el & 4 H + | £ +£3 43
VITIT TS T T THUIT CTIITCITOS AITU P T TUT TITATIC T S PTLITTC ATTUTTS .

During any dynamic environmental test, data shall be collected on strip chartrecorders or at a sufficient
acquisition rate to evaluate for intermittent dropouts.

6.2 Safety

6.2.1 Purpose

Battery supplier shall ensure the safety of personnel and hardware throughout all phases of battery

developmen

t, fabrication, assembly, testing, handling, storage and transportation.

All precautionary measures to prevent the inadvertent venting of an individual cell or assembled
combination of cells shall be identified and implemented.
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Potentially hazardous conditions, as well as hazardous procedures, shall be identified in a manner
easily observed by personnel.

The safety of secondary batteries requires the consideration of two sets of applied conditions as follows:

a)
b)

intended use;

reasonably foreseeable misuse.

Cells and batteries shall be so designed and constructed that they are safe under conditions of both
intended use and reasonably foreseeable misuse; it is expected that the misuse of cells or batteries fails
to function following such experience.

They
to in

Base(d on the principle of ISO/IEC Guide 51 and ISO 12100, appropriate risk analysis shall b
by sy

Typi
interfface shall be analysed specifically case by case, due to the differential system architeg
chaim, or chemistry.[9]

Lithium ion cells and batteries are categorized by their chemical composition (electrodes,
and internal construction (bobbin, spiral, stacking).

They
desig
systd

The following design concepts for safety are corhimon to all lithium ion cells and batteries:

6.2.2

Hazar

shall not, however, present significant hazards. Itis also expected that cells and batteri
fended use shall not only be safe but shall continue to be functional in all respeects.

pplier considering whole life cycle.

ral hazardous situation caused by an LIB becomes common knowledge; however, the I

are available in various shapes. It is necessary to corisider all relevant safety aspects a
n stage, recognizing the fact that they differ.eonsiderably, depending on the spe
m, power output and battery configuration.

dbnormal temperature rise above_the” critical value defined by the manufactuy
prevented by design;

femperature increases in the cell’or battery shall be controlled by the design, e.g. by
¢urrent flow;

lithium cells and batteries shall be designed to relieve excessive internal pressure or t
yiolent rupture undef conditions of transport;

ithium cells and batteries shall be designed so as to prevent a short-circuit under normg
of transport and.intended use;

ithium batferies containing primary and secondary cells or strings of cells connecte
shall be-equipped with effective means to prevent dangerous reverse current flow

es subjected

e conducted

[B design or
ture, supply

electrolyte)

F the battery

rific lithium

er shall be

limiting the

o preclude a

1] conditions

d in parallel
(e.g. diodes,

performance monitoring during mission in orbit to be able to engage end of life oper
battery is capable of these operations;

assessment of burst risk during the operating life cycle of cells and battery.

Definitions of dangerous phenomenon

ription

ate as follows:

ations while

assessment of the risk of producing debris after end of life. This point can be merged with

This subclause identifies the hazardous event when a battery shall be treated independently.

These hazards are the results of risk assessment and analysis.
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Example of risk analysis to identify such hazards is described in Annex C.

Potential hazards which are the subject of this International Standard are as follows:[2][14]
a) fire;

b) burst/explosion;

c) leakage of cell electrolyte;

d) venting;

e) burns fgrmrexcessively highextermattemperatures;

f) rupturg of battery case with exposure of internal components;

g) smoke.

6.2.3 Technical requirement

Technical red
Risk analysij

FMEA shall
interrupt de

quirements for battery safety design are described as follows.
s through the lifecycle shall be conducted as earlier phase of dévelopment of LIB.

be done for all battery designs. All cell safety devices) (such as rupture plate, cu
vices, positive temperature coefficient devices, fuses;and switches, relays, by-passe:

rrent
and

diodes) incorporated into the battery design shall have their failure modes and reliabilities included in

the overall |

Whenever a
charging an|
requiremen

Fault tolerd
The fault to

Batteries a
features or {
the hazard j

attery failure and reliability analysis, since they increase the number of failure scenar

choice exists between different risk-levels associated with chemistry, capacity, compl
[ application, the option that presents thé\minimum risk while meeting the performn
s of the mission shall be selected.

nce

rance of the battery shall be evaluated as part of the battery design evaluation.

e
ld their systems shall bewintherently safe through the selection of appropriate d

he use of appropriate safety devices, as fail operational/fail safe combinations to elim
otential.

Since lithiugn-based cells/batteries have a high specific energy and hazard potential, they shall

least two-fa
Catastrophi
Hazards are

loss of

11t tolerant toany catastrophic failure.

- failure definition:

ios.

bXity,
ance

Psign
inate

be at

considered as catastrophic when the consequence belongs to one of the following categgries:

life/ life-threatening or permanently disabling injury or occupational illness, loss

bf an

element of an interfacing manned flight system;

loss of launch site facilities or loss of system;

long-term detrimental environmental effects.

Most lithium-based cell electrolytes present corrosive, toxic, or flammability hazards. With appropriate
lot-verification testing, tolerance of lithium cells to certain types of abuse shall countas a hazard control,
dependant on cell design, capacity, complexity, charging and application. A cell failure is counted as one
of the failures.[2]

Hazard controls(Z]

A battery design includes controls for potential battery hazards.
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Battery design considerations shall be given to the structural integrity of the cell and battery housings,
the possibility of gas generation, pressure, and/or electrolyte leakage, the prevention of short circuits
and circulating currents, the possibility for high battery temperatures, over-discharging, and assurance
of proper charging techniques. The battery evaluation shall assess the battery hazard controls.

ver-current prevention

Each battery having high energy density used as a power source shall contain a suitable over-
current device.

Devices shall either go to the open-circuit position if the battery is discharged at an excessive rate, e.g.

fuse

Batte
shall

If thd
curr

Ovell
Each

Thes|
cell 1

Prot
func

For ¢
to th
protq

Tem

The glesign of batteries shall be such that abnormal temperature-rise conditions are prever

Whe

Insul

The
batte
by th

Inter
(usin
requ

rrelav orshall limitthe current flow to a safe level e g positive thermal coefficient (
bries shall be over-current protected in the ground lead of each series string. Each sép
be protected.

battery is tapped to provide different output voltages, each tap shall be protected w
ent device.

1

- r ion

battery shall have integrated overvoltage (over-charge) protection:

e protections shall disconnect the battery from the charging’sotirce or shunt current t
ot to be over-charged.

ion, if any, is ON.

xample, the over-voltage protection within a battery may be providing a voltage monit
P spacecraft such that the spacecraft controller eliminates the charging function. The
bction may be a combination of battery and\spacecraft electronics.

Ir r rrentman men

Fe necessary, means shall be-provided to limit current to safe levels during charge and

ati 1 wiri

nsulation resistance)between the positive terminal and externally exposed metal su
ry excluding el€etrical contact surfaces shall be dependent on the battery design and
e supplier.

nal wiring ‘and its insulation shall be sufficient to withstand the maximum anticips
g the de-rating rules for the wires of ECSS-Q-ST-30-11, for example), voltage and f
rements.

PTC) device.
hrate circuit

ith an over-

b avoid each

ective function shall be automatically worked and 1ot require operator action, when arming

oring signal
bver-voltage

ted.

discharge.

faces of the
established

ited current
emperature

Th H ot £ L] Lalll Ll ot ol 4 ] A | dict
e orrenctatioirorwit g ST dITr T SUtITtIdtU autuatttitdl At TS diiutI TP agTUIsS talitts dl

between connectors.

maintained

The mechanical integrity of internal connections shall be sufficient to accommodate conditions of
reasonably foreseeable misuse.

P

iti

I ion in idental shortin

When the battery is not installed in space vehicle, the leads or connector plug shall be taped, guarded,
or otherwise designed or provided with positive protection against accidental shorting.

Power switches in the end item shall be selected to prevent accidental battery turn-on. Switching
devices shall not be used in the ground leg(s).
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Battery cases and cell shall incorporate a pressure relief mechanism or shall be so constructed that
they shall relieve excessive internal pressure at a value and rate that shall preclude rupture, explosion
and self-ignition. If encapsulation is used to support cells within an outer case, the type of encapsulate
and the method of encapsulation shall neither cause the battery to overheat during normal operation
nor inhibit pressure relief.

Cell or battery vents shall not be blocked if venting is considered as a measure of fault tolerance. If
potting is essential, ensure that venting shall not be obstructed and that the potting does not adversely
affect battery thermal management.

A vent path
case ruptur
Housing for

Crew touch|

Hardware v

for the toxic and corrosive and/or flammable vent products shall be designed to prd
b or undirected venting except in applications where venting of any kind is not perm
a battery assembly shall have a functional vent mechanism to preclude rupture.

| temperature requirements

Phich shall be touched by crewmembers shall have surface temperatures not exceq

45 °C for continuous contact, shall have warning labels for surface temperatures between 45 °(

50 °C and sh

If a battery
shall incorp

all have protective measures above 50 °C.

or cell under charge/discharge operation shall be touched by a crewmember, the ba
prate additional protection to prevent the battery and/orycell temperature from exceq

this 45 °C limit even if the environmental temperature is around 45.°C.

If the batte
temperatury
to the touch

Terminal ce

Terminals s]
the termina
be delivered

In order to 4

External te
strength an
short circuif

6.2.4 Safd

Mandatory
the internaf
and test me

y or cell shall not be directly touched but is located 'near a surface that shall be tou
e controls shall be incorporated to prevent excessive battery or cell heat from transfe
nble surface.

pntacts

contacts shall ensure that they carry the maximum anticipated current. When battery
, the connector types shall also be’detailed in an electrical interface drawing documer

void improper connection;manufacturers shall find different keying or other means.

d corrosion resistance. Terminal contacts shall be arranged so as to minimize the ri
S.

ty testing

safety test shall be conducted for the transport regulation as specified in UN38.3 pri
iondl transportation as a battery level. The tests manual and criteria specify the pur
hsSures.

bvent
tted.

ding

and

ktery
ding

rhed,
rring

nall have clear polarity marking on the-external surface of the battery. The size and shdpe of

shall
t.

minal contact surfaces shall be formed from conductive materials with good mechahnical

sk of

or to
pose
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Considering the space qualification tests, some safety test such as vibration and shock specified in
UN38.3 shall be merged or involved as equivalent test condition.

the t

Allp
whil
pera

For g

I id -
Some lithium batteries are capable of exploding when the tests are conducted.

Itis important that personnel be protected from the flying fragments, explosive force, sudden release of heat, and
noise that results from such explosions.

The test area is to be well-ventilated to protect personnel from possible harmful fumes or gases.

As an additional precaution, the temperatures on the surface of the battery casings shall be monitored during

+
CSTST

ersonnel involved in the testing of lithium batteries are to be instructed never to approach alit
b the surface temperature exceeds 90 °C (194 °F) and not to touch the lithium battery while the
fure exceeds 45 °C (113 °F).[11]

rotection, all the testing shall be conducted in a protected room separate from the6bserver.[1{
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test shall be specifying the ability to withstand in low pressure duringair transportatior
rity and hermetically seal. For space vehicle use, this test shall beimerged with thermal

hermal test

test shall be specifying the ability to withstand in foreseeable thermal environment f
ansportation. This temperature range shall not be considered as an operating temper

pace vehicle use, since this temperature range is wider than qualification test, this {
be conducted separately from qualification test.

bration

test shall be conducted to evaluaté the ability to withstand the vibration environni
portations.

efore, the vibration test,in UN38.3 shall be merged with qualification vibration test. Fg
be appropriately considered to set the duration time.

ace use, the vibration test is also considered as screening test for internal short circuit
ock

test shall'be conducted to evaluate the ability to withstand shock environ
portations. For space vehicle use, the acceleration level of shock test for space qualific
severe. Therefore, the vibration test in UN38.3 shall be merged with qualification sho
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hture range.
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pace vehicle use, the acceleration level of vibration test for space qualification is much fnore severe.
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Typical failures :inadvertent shorting across terminals; hard-blow/thermal fuse failure.

Battery level

trolled conditions.

Test conditions of external short are dependent of the cell and battery design and shape.

T7 Overchargel6]

Typical failures :charger failure; protective circuit board failure.

Battery level

© ISO

: verify protective feature for overcharge/over-voltage.

2016 - All rights reserved

: external hard short is deliberately imposed on the battery under carefully con-

31


https://standardsiso.com/api/?name=392c8a1fc68c2c12031a38ab8c2fa5d1

ISO 17546:2016(E)

When a cell or battery type is to be tested in accordance with UN38.3, the number and condition of cells
and batteries of each type to be tested shall be representative of flight hardware configuration.

Batteries not equipped with overcharge protection that are designed for use only in a battery assembly,
which affords such protection, are not subject to the requirements of this test.

When cells that have passed all applicable tests are electrically connected to form a battery assembly in
which the aggregate lithium content of all anodes, when fully charged, is more than 500 g, or in the case
of a lithium ion battery, with a watt-hour rating of more than 6,200 watt-hours, that battery assembly
does not need to be tested if it is equipped with a system capable of monitoring the battery assembly
and preventing short circuits or over discharge between the batteries in the assembly and any overheat
or overchar 4 of-thebattet Y aooculb}_y.

Test procedfire:

It is the batftery manufacturer’s responsibility to propose test procedure that covers the overcharge
depending dn the design and the model mainly in case of very large batteries. This testishall not be(done
on a flight model to avoid additional degradation.

Special proyvision
— Smaller populationl8]

A smallger population of test units shall be acceptable for safety evaluation that involves revigions
to battery designs that have previously been tested in accordancé with same condition or the yse of
previously tested batteries in new systems or applications.

— Alterndtiv ni

In some|tests, individual cells, subsections, and/or pattially populated batteries shall be substifuted
as test ynits for large batteries. The use of alternative test unit and configurations shall be justified
by the hattery supplier.

_ Multipl ‘ .

Test units that have been subjected to environmental compliance test such as shock, vibration, and
humiditly exposure, that did not result'in discharge of the battery (or when the battery is rechdrged
to its fulll capacity), shall be usedfor safety testing, Alternate allocations of test units are poskible.
For example, a short-circuit.

Since toxico|;ogy assessmieht and report (independent materials usage and toxicological memos) [shall

be required|for the system safety review of battery level or space vehicle safety evaluation, destrulctive
physical anglysis (DPA) with electrolyte analysis is necessary.

6.3 Logisltics

6.3.1 Purpose

The requirements set forth in this subclause apply to the handling, storage, maintenance and
transportation of batteries during ground activities preceding pre-launch activities.

These requirements shall be defined in the battery specification and/or storage and handling procedure
so as to minimize pre-flight degradation.

Storage, handling, and maintenance methods shall be in accordance with practices that minimize safety
hazards to personnel, facilities, and flight hardware.[1]

Rough handling results in batteries being short-circuited or damaged. This causes leakage, rupture,
explosion and/or fire.[10]
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Regulations concerning international transport of lithium ion batteries or cells are based on the
recommendation of the United Nations Committee of Experts on the Transport of Dangerous
Goods. Each country or region’s law or regulations and/or directives follows. Therefore, prior to the
transportation, the latest editions of these regulations shall be consulted.[10]

Manufacturers of batteries shall ensure that equipment manufacturers and, in the case of direct sales,
end-users are provided with information to minimize and mitigate these hazards. It is the equipment
manufacturer’s responsibility to inform end-users of the potential hazards arising from the use of

equipment containing batteries. See Annex D.[9]

6.3.2 Manufacture/assembly storage and testing

a)

b)

d)

f)

g)

h)

attery handling, storage, and maintenance methods validated as part of developf
ualification tests shall be documented in the storage and handling procedure.[H

attery storage, handling, and maintenance methods shall be in accordante-with pi
inimize safety hazards to personnel, facilities, and flight hardware.[1]

The maximum shelf life limit (cell activation through launch) shall)be defined for

ﬁlaintained that document the temperature exposure and cell-level SOC of flight haj
aily basis.[1]

$peciality storage containers shall be used during extendéd storage to provide physical g

[ell and battery inspections shall be performed according to the following as a mini
{I:lspection of flight hardware, temperature, humidity, and shock sensors and mea
attery open-circuit voltage and cell isolation resistance.[1]

iy
contamination such as fingerprints, particles, corrosion products, metal chips, scalg
preservatives, adhesives, and anyforeign material.

Visual inspection is perforimgd with or without magnification with adequate
light conditions. Ultraviolet inspection, special lights and mirrors are conside
visual inspection.

Components and cleading materials shall only be handled with gloves.

Cell to cell and-Cell to case junctions are sealed with insulation material. The packag
in contact with the cell or battery is sterile or thoroughly cleaned with IPA prior to

At all times;ycells and batteries shall be maintained within a controlled temperature a
énvironment to maximize battery life and prevent water condensation.[1]

High témperature of high humidity causes deterioration of the battery performance an

nent and/or

actices that

the battery

that includes the maximum exposure time to ambient temperature conditions. Records shall be

dware on a

rotection.[1]

mum: visual
burement of

An inspection of the cells and battery~is performed to show that it is free from all visible

e, 0il, grease,
vision and

ered aids to

ing material
use.[2]

nd humidity

d/or surface

¢orrosion.[10]

General cleanliness and contamination control requirements shall be addressed
manufacturing and testing of flight batteries. In addition, special precautions shall be t
final assembly to limit the numbers of trapped micro debris in the battery.

When not in use, batteries shall be placed in cold storage, whenever practicable, at an
SOC in accordance to the handbook procedure delivered by the supplier.[1]

If needed, an electrostatic discharge (ESD) control program shall be implemented to
sensitive hardware on the battery as specified in MIL-STD-1686.9.

Preventing method for unexpected discharge.

during the
aken during

appropriate

protect ESD

An external battery connector shall be constructed to prevent inadvertent short circuiting of its
terminals. Examples of methods to prevent inadvertent short-circuiting include recessing the
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terminals, providing circuitry that prevents inadvertent short circuiting, providing covers over the
terminals, use of keyed connectors, and the like.

Insulating material for external battery connectors, outside the enclosure, shall have an adequate
flame rating. External connectors forming part of the fire enclosure shall be minimized.

For partially used batteries intended for reuse and batteries awaiting disposal, protect battery
connectors or terminals from inadvertent short circuits. Examples of protection methods include

use of n

6.3.3

on-conductive tape, terminal plugs, or individual plastic bags.[8]

Safety measure for handling

The followiy

See Annex D.

6.3.4 Tra

Common ite|

7 Battern
Flight batte

1g are requirements for safe handling of lithium batteries:

nsportation

ms to be considered are described in Annex E.

y onboard space vehicle

ries shall be installed in the vehicle before it is shippeéd“to the launch site or shi

separately and installed at the launch site.

When the b
integration
give the prid

On the othe

ptteries have the enough power reserve margins@nd the degradation during the sy
and test shall be estimated as negligible or acceptable level, program management
rity to evaluate the workmanship of space vehicle system, installed the flight battery.

r hand, to maximize on-orbit performance, the actual batteries to be used for flight

not be installled or used for vehicle-level integration or acceptance tests at the vehicle fabricatior

assembly sif

Test batteri
flight-level g

This Clause
transported

7.1 Perfo

7.1.1 Pur

The require
of batteries

e, except for non-operational tests.

s that are equivalent in configuration to the flight batteries and that have passed ba

describes the case that the flight batteries shall be installed in the space vehicle befor
to the launch site.

rmance

pose

merts set forth in this subclause apply to battery installation, check-out, and mainter
during space vehicle-level ground activities preceding launch. Battery processing

pped

stem
shall

shall
1 and

ktery
cceptance tests shall be used\for space vehicle level integration and acceptance testing.

b

b it is

ance
shall

maintain ﬂlght hardware to produce acceptable electrical performance while minimizing degradation.

7.1.2 Basic performance

— Variation between battery modules

In case of equipped more than one battery, the variations of some parameters shall be considered

and app

ropriately managed to maximize battery performance in orbit.

Actual capacity, impedance, heat generation, or EODV shall be different by manufacturing variations.
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— Reference point of thermal control on battery module

Typically, thermal reference point in the battery used to be set on the representative surface of cell
directly or around the battery base plate.

When in case that the reference point of thermal control of the battery set on the cell surface, it
is preferred to precise control directly as a cell temperature. Instead, the case that the reference
point shall be near the fixation point of battery panel, it is easy to interface to thermal control
subsystems just as an interface temperature.

The decision criteria exists in the program situation how much accurate to control the battery

7.1. Design requirement
— Electrical ground bonding

o avoid the potential float, the battery used to be electrically bonded.to the space yehicle body
hrough the battery case. However, outer surface of the battery case shall be insulatefl to prevent
uter short circuit. Information of specifications for ground bonding is recommdnded to be
¢onfirmed and shared early in the battery designing phase.

— Temperature reference point of battery module

As described in 7.1.2, temperature reference point ofithe battery shall set on the syrface of the
¢ell directly or on the base plate according to the battery thermal characteristics andl demand of
thermal control subsystem.

7.1.4 Preparation for handling, transportation

Duripg storage and handling, voltage manitoring and periodic recharge, cell rebalgncing shall
minimize degradation.

Battéry maintenance procedures shall define appropriate maintenance methods, monitorinyg frequency,
and pppropriate voltage, current, ‘and temperature limits that were validated during development
and/pr qualification tests.

The aximum allowed self-discharge rate for cells and batteries during storage shall be sp¢cified. Cells
or btteries exhibiting excessive self-discharge rates indicate degradation.[1]

Recards

Recofrds documenting the flight accreditation status of batteries shall be maintained at minimjum up to the
laun¢h date ahd for the entire satellite and other spacecraft life. These records shall providg traceability
from|{production of the battery, through final installation in the vehicle, and on through to laynch.

The yéeords shall indicate changes in battery location, status, use, storage time, or any cornditions that
affectreliability or performance.

Time-correlated records shall be maintained indicating battery charge or discharge current, battery
voltage, and temperature to a sufficient accuracy to allow an assessment of potential degradation.

Satellite and other spacecraft operator shall inform battery manufacturer of the satellite and other
spacecraft’s end of life.

7.2 Safety

7.2.1 Purpose

Battery supplier shall ensure the safety of personnel and hardware throughout all phases of battery
development, fabrication, assembly, testing, handling, storage and transportation.[16]
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All precautionary measures to prevent the inadvertent venting of an individual cell or assembled
combination of cells shall be identified and implemented.

Potentially hazardous conditions, as well as hazardous procedures, shall be identified in a manner
easily observed by personnel.

7.2.2 Definitions of dangerous phenomenon

Hazard description

This subclause identifies the hazardous event when battery shall installed onboard into space vehicle

(see Annex ¢3

Hazardous ¢vent which are the subject of this International Standard are as follows:[2][14]

a) fire;

b) burst/ekplosion;

c) leakagelof cell electrolyte;

d) venting

e) burns form excessively high external temperatures;

f) rupture of battery case with exposure of internal components;

g) smoke.

7.2.3 Technical requirement

Battery shall be designed to reduce risks through celllife cycle, in accordance with battery development

bable
inual

risk assessinent. Moreover, reliable protectivefequipments and devices shall prevent forese
incidents effectively. The remaining risk shall be-¢learly identified and informed in the handling m3
or directly dautioned by effective markings erlabels on the battery case.

7.3 Logistics

7.3.1 Purpose

Therequire
during grou
battery spe

ments set forthrinthis subclause apply to the handling, storage, and maintenance of batf]
nd activitiespreceding pre-launch activities. These requirements shall be defined i
fification-and/or storage and handling procedure so as to minimize pre-flight degrad

eries
h the
htion

and hazard risk.[1]

7.3.2 Saf¢tymeasure for handling

Common items to be considered are described in Annex D.

7.3.3 Integration to the space vehicle

An easily attachable and removable non-conducting cover shall be used to protect any power,
monitoring, and heater connectors that attach to the vehicle wiring harness prior to installation on the
vehicle. Optionally, the cover remains in place for some or all of the vehicle launch preparation but shall
be removed prior to launch.

As needed to assist in installation or general battery handling operations, a handling device (frame or
similar structural support) shall be used after the battery is assembled and prior to installation of the
battery on the vehicle.
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The handling device shall protect from damaging the battery and any other structural or thermal
interface of the battery with the vehicle.

The handling plate shall be removed when the battery is installed on the vehicle.

An easily attachable and removable non-conducting cover shall protect the battery’s terminals and
connectors to the vehicle wiring harness after its assembly until just prior to its installation on the vehicle.

Optionally, the cover remains in place for some or all of the vehicle launch preparation but shall be
removed prior to launch.

The battery shall be electrically connected to the vehicle bus in a manner that prevents uncontrolled
current and/or damage to connector pins.

After vehicle installation, the flight battery shall go through electrical checkout te\verify operation
of elgctrical charge and discharge path, nominal telemetry readings, and operation’ of cgll balancing
circyit, heaters, and any inhibit circuits.

Batt¢ry voltage (and cell or module voltage where available), current, and battery temperature shall be
monitored after battery installation on the vehicle at a sufficient frequency/and resolution o detect any
cell-level anomaly, such as premature discharge.

Pass/fail criteria for battery SOC, battery/cell voltage, and temperature shall be derived from prior
development and qualification testing specific to the design and\applied prior to and during the terminal
countdown. These requirements shall vary at different phases.prior to launch.

Batt¢ry monitoring and handling shall be conducted in a manner that complies with vehjicle, facility,
and tange safety requirements.[1][5]

7.3.4 Battery maintenance on the space vehicle

Batt¢ry maintenance procedures shall be in'place that allow for periodic maintenance of battery SOC,
periddic cell balancing, and battery charge/discharge after vehicle installation, as required. Specific
limits or frequency shall be defined for,each aspect of battery maintenance.

Whep discharged is the approptiate storage condition for a battery, the discharge of |patteries to
preppre for storage shall be accomplished with a battery conditioning module that shall djscharge the
battéry or individual cells at'specified control rates.

As afsafety feature, devices shall be incorporated in the design of battery conditioning| modules to
accommodate the diScharge of the battery at any SOC without causing any damage to the battery or
vehidle, including the’prevention of any battery cell voltage reversals.

Battéry monitoring and cycling shall be conducted in a manner that complies with vehicle |facility, and
rangp safety-requirements.

7.3.5 ““Battery transportation equipped in space vehicle

Common items to be considered for transportation throughout the life cycle are described in Annex E.

Items in descriptions are shipper’s responsibility, packing instructions, label and marking, and relevant
regulations per transportation mode.

8 Launch site

Flight batteries shall be installed in the vehicle before it is shipped to the launch site or shipped
separately and installed at the launch site.
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When the batteries have the enough power reserve margins and the degradation during the system
integration and test shall be estimated as negligible or acceptable level, program management shall
give the priority to evaluate the workmanship of space vehicle system, including the flight battery.

On the other hand, to maximize on-orbit performance, the actual batteries to be used for flight shall
not be installed or used for vehicle-level integration or acceptance tests at the vehicle fabrication and
assembly site, except for non-operational tests.

Test batteries that are equivalent in configuration to the flight batteries and that have passed battery
flight-level acceptance tests shall be used for space vehicle level integration and acceptance testing.

This Clause describes the case that the flight hatteries shall he transported separately and installed at
the launch sjte.

All the activjities at launch site are strictly controlled by system safety program of the range authority.
Therefore, the descriptions in this Clause are the general consideration from engineerifg stand point
and the applicable range safety document shall have priority.

8.1 Perfdrmance

8.1.1 Purpose

The requirgments set forth in this subclause apply to check-out, performance verification of flight
batteries prjor to installation on spacecraft.

Battery testjng shall condition flight hardware to produce acceptable electrical performance as a hpalth
check after transportation.[1]

8.1.2 Degradation calculation in launch site

At the laundh site, most of the sequence shall be dédicated to the launch preparations of space vehicle.
Therefore, the batteries onboard vehicle shall be sustained as a floating charge condition near the|fully
charge situgtion at room temperature, approximately a couple of month.

Since the bgttery capacity/energy slightly degrades by their condition, battery engineer shall rgflect
such condition into the life estimation and inform space vehicle system appropriately.

These data, together with life test, shall be summarized, trended, and evaluated to provide performance
trends and lpe a basis for on-oxbit operations.

8.2 Safety

8.2.1 Purpose

Battery supplier shall ensure the safety of personnel and hardware throughout all the phases in lalunch

site.

All precautionary measures to prevent the inadvertent venting of an individual cell or assembled
combination of cells shall be identified and implemented.

Potentially hazardous conditions, as well as hazardous procedures, shall be identified in a manner
easily observed by personnel.

The battery safety control program and procedures shall be approved by the range authority.

8.2.2 Definitions of dangerous phenomenon

Typical concerning points are the same as battery (see 6.2.2).
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Normal battery charging and control procedures and contingency procedures shall be prepared based
upon test data obtained during vehicle, battery, module, and cell development/qualification tests.

These documented procedures shall be the basis for battery operations and controls at the launch site
and while on orbit.

8.3

Logistics

8.3.1 Purpose

The

requirements set forth in this subclause apply to the handling, storage, main

enance and

trans

Thes|
SO aj
accol

Roug
expl(
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recoj
Each

Ther

8.3.2
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As a
accol

portation of batteries during ground activities preceding pre-launch activities.

to minimize pre-flight degradation. Storage, handling, and maintenance(methods
‘dance with practices that minimize safety hazards to personnel, facilities;and flight i

h handling results in batteries being short-circuited or damaged. This' causes leaka
sion and/or fire.[10]

lations concerning international transport of lithium ion batteries or cells are b
mmendation of the United Nations Committee of Experts o the Transport of Dangg
country or region’s law or regulations and/or directives follows.

efore, prior to the transportation, the latest editions of\these regulations shall be cons

Safety measure for handling
mon items to be considered are described in‘dnnex D.

safety feature, devices shall be incorporated into the design of battery conditioning
mmodate the discharge of the battery at any SOC without causing any damage to

including the prevention of any battery-cell voltage from exceeding upper or lower voltage

8.3.3

Fligh
sepa

The
Appr]

Indiy
avail

The

Preparation for transportation

t batteries shall be installed in the vehicle before it is transported to the launch site or
Fately and installed-at.the launch site.

battery SOC shall’be set at an appropriate level to minimize degradation during tra
oximately less than 50 % SOC shall be recommended.

idual cell voltage shall be verified to be within the cell-balanced voltage criteria, if
able. Cell'rebalancing shall be performed as required.

battery shall be transported in a qualified shipping container that provides physica

e requirements shall be defined in the battery specification and/or storage and landling procedure

shall be in
ardware.[1]

ge, rupture,

hsed on the
rous Goods.

hlted.[10]

modules to
the battery,
imits.[1]

transported

hsportation.

ronnector is

protection.

This container shall be designed to prevent damage during handling, transportation, or storage.
Containers shall contain temperature, humidity, and shock indicators and or recorders.

Batteries shall be maintained between -10 °C and +25 °C, if it is practicable to do so, during handling,
transportation, and installation.[1]

8.3.4 Battery testing (health checking after transportation)

Any GSE used to monitor, charge, or discharge batteries, modules, or cells shall be designed with a level
of safety features similar to or greater than those available at the spacecraft level.

Check-out of all maintenance equipment, software, and safety inhibits shall be performed before
connecting flight hardware.
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A connector saver shall be used during all testing prior to battery installation on the vehicle to avoid
repeated connecting and disconnecting of the flight connector.

The connector saver shall interface between the battery flight connectors and any mating test or
ground support equipment cables.

Inspection

The manufacturer, part number, and serial number of the flight battery shall be verified for accuracy.

The records for each flight battery shall be reviewed and used to verify that flight batteries do not
exceed their maximum shelf life or cycle life prior to mission use.

The flight battery shall be visually inspected for signs of handling damage or abuse.

The continufity and isolation of cells, connector pins, and wires shall be verified, as applicable!

The operatipn of all monitoring or control circuits shall be verified, as feasible.

State of hedlth verification

The open-circuit voltage of every cell and/or cells pack shall be verified to be. within the manufactyrer’s
cell balancefl requirements, as applicable. Cell rebalancing shall be performed as required.

At a minimum, one standard capacity measurement shall be performedwon the flight battery, as feagible.
Any mission pulse load requirement shall be demonstrated. Thisycapacity test shall be identical to a
capacity tesf performed during flight battery proto-flight or aceeptance testing for trending purpqgses.
The charge fetention rate following at least a seven-day stand period during final processing shall be
verified to be within requirement.

Data shall b¢ reviewed and trended with qualificationor acceptance test data to verify that performance
meets minithum BOL mission requirements.

8.3.5 Batfery storage at launch site

When not fin use, the batteries shal]l be placed in cold storage, whenever practicable, 4t an
appropriatd SOC.[1]

During storage and handling;) voltage monitoring and periodic recharge, cell rebalancing, or
reconditioning shall minimize degradation. Battery maintenance procedures shall define appropriate
maintenance methods, menitoring frequency, and appropriate voltage, current, and temperature ljmits
that were validated duting development and/or qualification tests.

The maximym allowed self-discharge rate for cells and batteries during storage shall be specified.|Cells
or batteries|exhibiting excessive self-discharge rates indicate degradation.

The maximunrshetftifetimit{cetactivatiomrthroughtaunchyshattbeatsodefimedforthebattery that

includes the

Records

maximum exposure time to ambient temperature conditions.

Records documenting the flight accreditation status of batteries shall be maintained.

These records shall provide traceability from production of the battery, through final installation in the
vehicle, and on through to launch.

The records shall indicate changes in battery location, status, use, storage time, or any conditions that
affect reliability or performance.

Time-correlated records shall be maintained indicating battery charge or discharge current, battery
voltage, and temperature to a sufficient accuracy to allow an assessment of potential degradation.
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Integration to the space vehicle

An easily attachable and removable non-conducting cover shall be used to protect any power,
monitoring, and heater connectors that attach to the vehicle wiring harness prior to installation on the
vehicle. Optionally, the cover remains in place for some or all of the vehicle launch preparation but shall
be removed prior to launch.

For large lithium-ion batteries, a handling plate or fixture shall be used for installing the battery on the
vehicle. The fixture shall protect the thermal and structural elements of both the battery and vehicle
from damage. The handling plate shall be removed once the battery is installed on the vehicle.

The

curr

Aftel
of el
circy

Battg
mon
cell-

Pass
deve

ncontrolled

'\:lﬂ'pry shall be n]prh‘\'r‘:\”y connected to the vehicle bus in a manner that prnvnnfc 1

ent and/or damage to connector pins.

vehicle installation, the flight battery shall go through electrical checkout o, verif
ectrical charge and discharge path, nominal telemetry readings, and operation of cq
it, heaters, and any inhibit circuits.

ry voltage (and cell or module voltage where available), current, and-battery temperat
tored after battery installation on the vehicle at a sufficient frequency’and resolution f
level anomaly, such as premature discharge.

fail criteria for battery SOC, battery/cell voltage, and teniperature shall be derived
opment and qualification testing specific to the design and'applied prior to and during

countdown. These requirements shall vary at different phases'prior to launch.

Batté¢ry monitoring and handling shall be conducted in,a manner that complies with veh
and fange safety requirements.

8.3.7 Battery monitoring preceding launch

Batt¢ry voltage, cell voltage (when available), current, and battery temperature shall b
periddically after battery installation on(the vehicle up to the final terminal countdown.
These data shall be evaluated to provide state-of-health verification of the electrical syst
laungh.

Passffail criteria shall be applied prior to and during the terminal countdown to abort the |
malfpinctions occur in launch-critical batteries.

9

In or
oper

Mission inerbit and end of life

der to comply with ISO 24113, the main requirements for space vehicle having b
htions are as follows:

erformance monitoring during mission in orbit to be able to engage various kinds o

assessment of the risk of producing debris of batteries after end of life.
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I1SO 17546:2016(E)
Annex A
(normative)
Parameter measurement tolerances
A.1 General

The overall
shall be wit]

A.2 Meas
a) *5mVf
b) 1% fo

accuracy of controlled or measured values, relative to the specified or actual paraing
nin these tolerances.
urement tolerances

br cell voltage/+0,5 % for battery voltage

[ current

c) 3 °C fof temperature

d) *1%fo
e) *1%fo
f) *5%v3g
g) *5% ad
h) *2%fr

These toler
use, and all

F duration up to 1 h/+1 min for duration higher than 1:h
- dimension

cuum pressure

celeration

bquency vibration

inces comprise the combined accuiracy of the measuring instruments, the measure
bther sources of error in the test procedure.[2]

ters,
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