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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This document has been developed for the purpose of establishing the standard to obtain sustainable
development and to prevent incidents of lithium-ion battery for space vehicles.

Lithium-ion batteries belong to the category of rechargeable batteries which are based on electrochemical
systems. The batteries generally consist of lithium metal oxide for positive electrodes and carbon for
negative electrodes. Lithium element exists in an ionic or quasi-atomic form within a lattice structure of
each electrode material.

For battery developers and spacecraft system architects, this document leads the way to assessing the whole
life cycle from electrolyte filling to the end of the mission in space and to clarify what is considered in the

battery de

It is impor
in orbit an
manufactu

Since lithit
1, the serv|
battery ms

regarded defined as the duration until deorbit which corresponds to the enid of life of stage 9.

Clauses in
cycle, and
activation
limit is jud
mission co|
capacity to

Perfor

Since LIB
through t}
conditions

. 1 1 1 1 1 - LI oLl .
1511 PIIASE dIIU ULIT PIOLESSCES LU TCALIl LIIC appIropridic VET1TILAatlUIl.

tant to prevent lithium-ion batteries (LIB) for space vehicles from having performaj
1 incidents through the life cycle. The total life cycle of lithium-ion batteries consists
[ring to deorbit after mission completion as shown in Figure 1.

m-ion batteries start to deteriorate just after cell activation during cell manufacturi
ice life starts at that point. And it continues through cell testing, cellytransportation
nufacturing/testing of stage 3, battery transportation of stage 4~Eventually, the se]

» o«

this document address “performance”, “safety” and “logistics” according to each stag
bach requirement belongs to the shelf life of lithium-ion{batteries. The shelf life mean

bed to be non-conforming even if it is not used because the battery capacity is insuffic
impletion. In other words, the shell life is the period until launch while maintaining {
complete required missions.

mance

starts to degrade from activation, it is*necessary to consider meeting the power r¢
le mission life; that is, to be unaffected from handling conditions (temperature)

hce defects
of material

ng of stage
of stage 2,
'vice life is

b of the life
s from cell

fo launch and does not exceed the shelf life limit. A battery whose shelf life exceeds the shelf life

ient for the
he battery

quirement
and usage

in orbit (temperature, cycle, current or power and depth of discharge). Also, the risk in orbit can

be mitigated based on the life estimation;'and with care unexpected degradation can be avoided throughout
the whole life cycle.

— Safety

A complex| risk assessment process that is easy to understand is established. The method was agreed

internation
avoid signi
because off
compared
is that the
incident. B
important

jally at ISO/IEG-and is a traditional method for space use. LIB keeps some amount of
fficant capacity degradation, so that the specific consideration and care for handling af
potential hazard source. It is well known that LIB has specific risks with higher vo
to other'power sources and no saturation characteristic for over-charge. The impo
process, which can result in a hazardous situation, does not always immediately r
bcause of these risks, LIB is considered hazardous at all times. The risk assessment be

the SOC to
e required
tage when
'tant thing
esult in an
fomes very

ocover a variety of environments dnring the h;mdling aruse and hicfnry of stress

Logistics

The most important aspect of assuring battery safety and space quality in transportation is to perform a life
cycle assessment of performance and safety from a broad perspective.

Critical damage includes, for example, the temperature history (especially high uncontrolled temperature
outdoors), shock/vibration, and electrical shorts. Also, to reflect the results of handling or usage, the
measurement should be done. All the personnel with responsibilities for the development, design, and
handling should survey and estimate the influence of their assessment spontaneously to improve the
sustainable development of the space component.

© IS0 2024 - All rights reserved
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Total life cycle of Lithium-ion battery for space vehicle
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|
|
|
|
|
|
|
: activation
|
|
|
|
|
|
|
|

Service life of Lithium-ion battery for space vehicle

|
|
|
|
|
q QTG q q |
, Shelflife on Lithium-ion battery for space vehicle |
| |
l . .
| | |
| | |
| | |
Stage ( Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Stage 7 Stage 8 Stage 9
5 Clause 5 Clause 5 Clause 6 Clause 6 Clause 7 Clause 7 Clause 8
Materia Cell Cell Battery Battery Space vehicle|  Space vehicle
. . . . Launch site £33\ End of life
Manufactyre | Manufacture | Transportation | Manufacture | Transportation | Integration Transportation B MissiolT in ~
/ . /. /. /_ equipped battery Launch aibit Deorbit
Inspectidn Testing Testing Testing

Figure 1 — Definition of life cycle stages of lithium-ion battery for space vehicle
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Space systems — Lithium ion battery for space vehicles —
Design and verification requirements

1 Scope

This document specifies design and minimum verification requirements for lithium-ion batteries from the

perspectiv

This docun
are critical
document

2 Norm

The follow
requireme
the latest ¢

[SO 24113,

MIL-STD-1
ELECTRON,
DEVICES)

3 Term
For the pui
[SO and IE
IEC El4

ISO On

31

activation
process of
facility dur

Note 1 to en

FSOf PEeTTOTTITATICE, Safety armd togistiTs:

hent is applicable to battery assemblies for space vehicles and component cells oftbatte
devices to be harmonized with standards and regulations for other industriesiAn ad|
s applicable to component cells which are not designed for space vehicles but.cah be us¢

ative references

ng documents are referred to in the text in such a way that some-orall of their content
nts of this document. For dated references, only the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

Space systems — Space debris mitigation requirements

86, ELECTROSTATIC DISCHARGE CONTROL PROGRAM FOR PROTECTION OF ELECT]
/C PARTS, ASSEMBLIES AND EQUIPMENT (EXCLUDING ELECTRICALLY INITIATED

s and definitions
poses of this document, the following terms and definitions apply.

[ maintain terminology databases for use in standardization at the following addresse

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

line browsing platform: available at https://www.iso.org/obp

making an\assembled cell (3.4) functional, by introducing an electrolyte at the man
ing cell production, which is used to define the start of battery (3.3) shelf life (3.19)

try: See References [4], [5], [6] and [11].

ries, which
dition, this
bd in space.

ronstitutes
references,

RICAL AND
FXPLOSIVE

2]

ufacturing

3.2
aging

permanent loss of capacity due to repeated cycling or passage of time from activation (3.1)

Note 1 to entry: See Reference [6].

3.3
battery

two or more cells (3.4) which are electrically connected together, fitted with devices necessary for use, for
example, case, terminals, marking and protective devices (3.26)

Note 1 to entry: A single cell battery is considered a “cell”[9],

© IS0 2024 - All rights reserved
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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[2I[2],

Note 3 to entry: Units that are commonly referred to as “battery packs

» o«
’

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 document,

treated asb

3.4
cell

atteries[9l.

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

Note 1 to entry: See Reference [9].

3.5
COTS cell
cell (3.4) m

Note 1 to e
14500, 1044
thin pouch {

3.6
dangerous
phenomen

EXAMPLE
excessively
smokes

3.7

disasseml
vent (3.34)
wire mesh
centimetrg

Note 1 to en

3.8

explosion
condition {
are forcibly

Note 1 to en

39
external s

ass-produced for terrestrial use by third parties such as distributors

htry: COTS cells have various kinds of types, 26650, 21700,18650, 17670, 185004518350, 17
0 of cylindrical shape identified by external dimensions, and rectangular shape in'metallic co

ype.

s phenomenon
bn where a lithium-ion battery (3.20) is damaged

fire (3.10), bust/explosion (3.8), leakage (3.18) of cell (34) electrolyte, venting (3.34),
high external temperatures, rupture (3.28) of battery case with exposure of internal comp|

ly

or rupture (3.28) where solid matter fromyany part of a cell (3.4) or battery (3.3) p
screen (annealed aluminium wire with~a diameter of 0,25 mm and grid density of €
to 7 wires per centimetre) placed 25,cm away from the cell or battery

try: See Reference [9].

hat occurs when a cell (3.4) container or battery (3.3) case violently opens and major c
 expelled and the cell or battery casing is torn or split

try: See Referenees [12] and [14].

hort circuit

direct connectiombetween positive and negative terminals of a cell (3.4) or battery (3.3) that pr

than 0,1 Q

resistance path for current flow

500, 16340,
ntainer, and

burns from
onents, and

bnetrates a
wires per

bmponents

ovides less

Note 1toen

ry: An external shortcircuit occurs when a direct connection between the positive and negative terminals

is made where the connection resistance is sufficiently low enough to higher than rated current flow through the cell.

Note 2 to entry: See Reference [9].

3.10
fire

flames emitted from the test cell (3.4) or battery (3.3)

Note 1 to entry: See References [9] and [12].

© IS0 2024 - All rights reserved
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out-gassing
evolution of gas from one or more of the electrodes in a cell (3.4)

Note 1 to en

3.12
harm

try: See Reference [6].

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

3.13
hazard

potential source of harm (3.12)

Note 1 to enltry: The term hazard is qualified in order to define its origin or the nature of the expected har

electric sho

3.14
hermetic 4§
permanent

Note 1 to en

3.15

intercalat
process w
significant

Note 1 to en

3.16

intended yise

use of a prg
by the supj

Note 1 to en

3.17

internal r
opposition
ionic resist

3.18

leakage
visible esc:
battery cajs
values

Note 1 to en

Ck hazard, crushing hazard, cutting hazard, toxic hazard, fire (3.10) hazard, drowning hazard)
eal
air-tight seal

try: See Reference [10].

jon

structural change to that host

try: See Reference [11].

duct, process or service in accordance with specifications, instructions and informatig
plier

try: See Reference [12].

psistance
to the flow of current within a cell (3.4) or a battery (3.3), that is, sum of electronic resi
ance with the contribution to total effective resistance including inductive/capacitive

ipe of electrolyte or other material from a cell (3.4) or battery (3.3) or the loss of mate
ing, handling devices or labels) from a cell or battery such that the loss of mass exceq

try: Mass loss means a loss of mass that exceeds the values in Table 1.

P (3.12) (e.g.

here lithium-ions are reversibly removed or inserted~into a host material without causing

n provided

stance and

properties

Fial (except
ds specific

Table 1 — Mass loss limit

mass M of cell mass loss limit

M<1g 0,5 %
1gsM<75¢g 0,2%
M>75g 0,1%

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

© IS0 2024 - All rights reserved
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L

where M, is
When mass

3.19
life

mass —
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Mxloo
M

the mass before test; M, is the mass after test; and L is lost mass (%).

mass

loss does not exceed the values in Table 1, it is considered as “no mass loss”[2].

duration of maintaining a required performance [e.g. 50 % of beginning of life (BOL) capacity], estimated in

years (cale

ndar life) or in the number of charge/discharge cycle

Note 1 to entry: See Reference [6].

3.20

lithium-io
rechargeal
both interd
lattice of tH

Note 1 to en

3.21

load profi
illustratior
by graphin

Note 1 to en

3.22
lot

group of cg
or drawing

Note 1 to en

[SOURCE: I
has been e

3.23
open circy
voltage acr

Note 1 to en

3.24
over-char
charge pas|

n battery
le electrochemical cell (3.4) or battery (3.3) in which the positive and negative eled
alation (3.15) compounds (intercalated lithium exists in an ionic or quasi-atomic for
le electrode material) constructed with no metallic lithium in either electrode

try: See Reference [9].

e
of the power needed from a battery (3.3) to support a given'system, which is usually
lo required current versus time

try: See Reference [11].

S
try: See Reference [5].

SO 26871:2020, 3.1.40, modified — The preferred term "batch" has been removed; the
litorially improved; note 1 te\entry has been added.]

it voltage
oss a lithium-ion.cell(3.4) or battery (3.3) with no-load and no current in external cirg

try: See Referenees [6] and [9].

e
t thé manufacture’s recommended limit of voltage

trodes are
m with the

expressed

mponents produced in continuous and unintérrupted production run with no change i processes

b definition

uit

3.25

over-discharge
discharging a cell (3.4) or battery (3.3) past the point determined by the cell supplier where the full capacity
has been obtained

3.26

protective device
device which interrupts the current flow, blocks the current flow in one direction or limits the current flow
in an electrical circuit

EXAMPLE

Note 1 to en

Fuses, by-pass, diodes and current limiters.

try: See Reference [9].
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reasonably foreseeable misuse
use of a product, process or service in the way which is not intended by the supplier but which results from a
readily predictable human behaviour

Note 1 to entry: See Reference [12].

3.28
rupture

mechanical failure of a cell (3.4) container or battery (3.3) case induced by an internal or external cause,
resulting in exposure or spillage but not ejection of solid materials

Note 1 to entry: See Reference [9].

3.29

self-discharge

phenomen

3.30

shelf life 1i
maximum

before lauj
depending

Note 1 to en

3.31
space qua
high reliab|

3.32
tailoring
process by
and made 3
or addition

Note 1 to en
[SOURCE: I

3.33
thermal ry
uncontroll

bn due to leakage (3.18) current in open circuit at cell (3.4) and/or battery (3.3) level

mit

allowed life (3.19) time from cell (3.4) activation (3.1) to launch when the battery (3.]
nch, which is deteriorated due to both preliminary charge and.discharge and stora
on temperature, can certainly complete all of subsequent missions‘on orbit

try: See References [4] and [5].

ity

ility required for vehicles and equipment built for space use

which individual requirements of specifications, standards and related documents ar¢
pplicable to a specific project by selection and, in some exceptional cases, modification
of new requirements

try: See ISO 27025.

SO 10795:2019, 3.237, modified — Note 1 to entry has been added.]

inaway
hble condition whereby a cell (3.4) or a battery (3.3) overheats and reaches very high ter]

in very short periods (secends) through internal heat generation caused due to an internal short d

abusive co
Note 1 to en

3.34

ndition

try: See:Reference [6].

B) capacity
e damage

e evaluated
of existing

nperatures
r due to an

vent

release of excessive internal pressure from a cell (3.4) or battery (3.3) in a manner intended by design to
preclude rupture (3.28) or disassembly (3.7)

Note 1 to entry: See References [9], [11] and [12].
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4 Symbols and abbreviated terms

BOL beginning of life

C capacity, expressed in ampere hours (Ah)
cc/cv constant current/constant voltage
CID current interrupt device

COTS commercial off the shelf

DOD depth of discharge [€]

EOCV end of charge voltage [7]

EODV end of discharge voltage [7]

EOL end of life [Z]

FMEA failure modes, effective analysis [Z]
FTA fault tree analysis

GEO geosynchronous earth orbit

GTO geosynchronous transfer orbit (€]
GSE ground support equipment

[PA iso-propyl alcohol

LAT lot acceptance test

LEO low earth orbit

LIB lithium-ion battery

V. open circuit voltage [0}

PTC positive temperatuye coefficient
SOC state of charge

UN38.3 United Nations UN Manual of Tests and Criteria, Part I1I, 38.3
5 Cell

5.1 Performance

5.1.1 General
This subclause describes the electro-chemical performance as a single cell in harmony with other standards.

Each article specifies the items that are necessary to verify when specific cells are to be assembled into the
battery for space vehicle.

The cell contained in a battery is described as a component cell and a cell whose contents are enclosed within
a sealed flexible pouch rather than a rigid casing is expressed as “pouch cell”.

The definitions of the size of cell, such as a small or large format, may be tailored from UN38.3 and IEC 62281.
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Recommended cell qualification test items are specified and the requirement for quality assurance of flight
cells can be addressed.

5.1.2 Testrequirements

Cells are manufactured under a quality management programme specified in United Nation Recommendation
(see Annex E).

The design and manufacturing procedure shall be verified through the qualification test and be guaranteed
with its test report.

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

hardware.
Acceptanc
a) visual
b) leakch
c¢) dimen
d) openc
e) self-di
f) intern
Some envi

includes adg

5.1.3 Te

Key cell pd
load, and 1
possible p,
acceptance

Additional

 testing for lithium-ion cells include as a minimum:
inspection;

eck;

bions and weight measurement;

ircuit voltage;

scharge, capacity or energy tests;

h] resistance.

onmental and safety device testing, such as vibration, extreme thermal cycling, CID/P
ceptance tests. In each testing, the criteria are spetified by the battery or cell manufac

5t data trending [4]

rformance parameters, such as charge-retention, capacity or energy, voltage under]
esistance, shall be monitored acrosstsuccessive manufacturing lots (trend analysis)
erformance degradation due toinanticipated material or manufacturing variat
testing.

tests are carried out as for 'example:

a) closed|circuit voltage check
b) cycle testing, vibration

c) thermal cycling

d) X-ray

e) impedpnee

f) LAT

g) electrical wear-out cycling.

TC testing,
turer.

maximum
to identify
on during

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

Users verify that all cells intended for flight use are within the designated shelf life based on the cell

manufactu

re date as specified in the limited life items data.

The overall accuracies of controlled or measured values are commonly specified in Annex A.

© IS0 2024 - All rights reserved

7


https://standardsiso.com/api/?name=995e3b35fc0c5bfcacd51c93de6e4fb9

ISO 17546:2024(en)

5.1.4 Cell qualification test

Standard cell qualification test includes functional checkout (operational, cycle), environmental (i.e.
vibration, thermal, thermal vacuum, radiation) and safety as stated in 5.2 or others as deemed appropriate
for the specific hardware and application[21[15][16],

Recommended test items of the component cell qualification for the space vehicle are specified. Examples
are in Annex B.

For the space use, critical items for evaluations are hermetic test, safety testing, mechanical environment
test, radiation, life cycling data and thermal/thermal vacuum test. The typical test method and criteria
include, but are not limited to, those specified in 5.1.5 to 5.1.10.

5.1.5 Le
Each cell ig

Criteria: T}
electrolyte
maximum

5.1.6 Sa

Each cell t
ensure the

5.1.7 Thiermal/thermal vacuum test [l

Cells shall
environme
temperatu
hermeticit
hermetic s

5.1.8 Mg

Mechanica
all possiblg

Examples

hkage (hermetic) test
tested for leakage in cell/battery acceptance test.

e maximum leakage rate shall be low enough so that at the end of life, the semaining
inside the cells is still compatible with the required performances of thé-cell. For e
helium gas leakage equivalent rate should not exceed, for example, 1,0 x\10~® Pa-m3/s |

fety tests

pe shall be subjected to over-charge, over-discharge, and dver-current (short circuit
cell does not result in a scenario where flame or fire exists.

be tested in an environment that encompasses the intended application as possible. T

e ranges encompass the mission temperatiire ranges and have a range sufficient tg
 of the cell. The cells also experience a yvacuum environment to determine the integrit
pal.

chanical environmental test

| environment tests including'sine and random vibrations and shock tests values shall
space mission profilest

f mechanical environment level for cells are described in Tables 2 to 4.

Table 2 — Sine vibration (sweep rate: 2 octave/min)

amount of
ample, the
or a cell.

testing) to

he thermal

nt, in particular, is a factor that significantly affects how a battery performs. Qualification

stress the
 of the cell

encompass

Qualification
. Frequency Amplitude
Axis Hz Acceleration
e 5to 22 20 mm (double)
22 to 100 20 (9,8 m/s?)
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Table 3 — Random vibration (duration: 180 s per each axis)

Frequency

Axis Hz Level
20 to 50 +6.dB /oct
50 to 300 0,2 (9,8 m/s?)? / Hz
_ 300 to 450 +12 dB / oct
cell Z axis 450 to 700 1,0 (9,8 m/s%)2 / Hz
along the length of cell 700 to 1 000 -19,43 dB / oct

1000to 2000

-3dB /oct

overall 23,68 (9,8 m/s%) rms
20to 50 +6dB /oct
50 to 100 0,1 (9,8 m/s?)2 f\Hz
100 to 150 +17,1 dB /oct
150 to 250 1,0 (9,8 m/s%)? / Hz
cell Xapd Y éxes for ljectafngular shape 250 to 284 128 / oct
.cell R axis for cylindrical sha-pe 284 to 500 0,698 m/s?)? / Hz
in the plane of cell cross section 500 to 783 %12,43 dB / oct
783 to 1 000 0,1 (9,8 m/s?)2 / Hz

1000to 2000

-3dB /oct

overall

21,19 (9,8 m/s?) rn

=3

S

Table 4 — Shock (three times per axis)

Axis Fre(}_lllfncy Acceleration (x 9,8 m/s?)
200 24
All axis 1400 4200
4000 4200

5.1.9 Raldiation test

Cells shall
environment.

5.1.10 Lifle cycle test

Life tests shall be performed-for lot performance verification and for mission lifetime demonstra

The life te
proposes 3

procedure|is given hereafter.

For lot acceéptance- BOD 100 %

be exposed to the cumulative radiation dose, as a minimum, as specified for t

5t for lot performance evaluation purpose is also included in a lot trend analysis. T}
representdtive wear out life test using accelerated conditions for current and cycl
The total gnergy<(or*capacity) degradation is checked after a defined number of cycles. An exan

e mission

fion.

he supplier
b duration.
hple of test

a) Temperature Ty, (°C) (T,;,/ Thad): defined by battery supplier typically at ambient temperature).

b) CC/CV; Charge current 0,5 C (A)/EOCV: V,, (V): defined by battery supplier.

c) CC; Discharge current 0,5 C (A) to EODV: V., (V): defined by battery supplier.

Standard capacity measurements are performed before the life test and every 100 cycles.
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5.1.11 Models for analysis

The following information shall be clearly defined by the battery supplier based on the cell suppliers’
information for the battery design evaluation, if available; and their information is provided to the battery
assembler.

Models are correlated with on-ground and on-orbit experimental data, where available.
a) Heatgeneration and thermal model
To evaluate worthiness of thermal design of the battery.

b) Structural model

To evaJuate worthiness of structural design of strength and stiffness of the battery.
c) Life (aging) model

To evalluate worthiness of electrical power storage performance with appropriaté,margin through the
life cygle.

5.2 Safety

5.2.1 General

The purpoge of this subclause is to clarify the dangerous phenomeénon of independent cell angl equipped
safety featfires. Necessary test items for safety are provided.

The safety ftests that prove two-fault tolerance to catastrophic¢hazard are performed as part of a quialification
test progrgm and repeated for each newly purchased lot of‘the same batteryl2l.

5.2.2 Hazard description

This subclause identifies the potential hazard when a cell is treated independently. See Annex C.
Potential hazards which are the subject of this document are as follows[121[17];

a) fire;
b) burst/gxplosion;

c) leakage of cell electrolyte;
d) venting;

e) burns form excessively high external temperatures;

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

g) smoke

5.2.3 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- cell
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battery. In case of multi-cell battery, delivery protection device is implemented at module or battery level.
Typical examples of the protective devices for hazard control are described as follows.

a)

b)

d)

f)

g)

Electri

cal 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, thereby breaking or opening the circuit.l11] Latching current
limiters (externally resettable) also may be protective devices instead of fuses.

Current interrupt device (CID)

The CID is activated when the cells build up excessive pressure that usually occurs when the cells are
over-charged to voltages close to or above 5 V.

Positiy

A poly
loss u
the inf
by the
tempe
device

Therm

A fusil
Once {
irrevel
the cir
during

By-pas

A by-p
tempe

Vent p

Most c
in ordd
part of
design|
above
cells ty

Shutdd

The shutdown'separator is activated when the cells reach a certain temperature that causes 3

of the

e temperature coefficient (PTC) device

itil critical temperature or current range is reached. Upon reaching a predefined cri
ernal resistance of the PTC increases exponentially, preventing the contintied flow
driving voltage applied. Resistance increase is typically five to six ogders of magnit
rature range of 25 °C. Upon cooling below the critical temperature range, resistance
recovers to nearly the same resistance as originally found[11l,

al fuse

le link electrical element that conducts current while it isJbelow a critical threshold te
his threshold temperature is exceeded, the current-carrying capacity of the therry
'sibly terminated, typically by melting a circuit breaker element allowing a spring to
cuitlLll, The fusible link melts at specific currents, which then inhibits any hazardous o
an external short condition.

s device

hss device is used to irreversibly by-pass cell package or strings at battery level wher
rature over passed the operating range.

ug/rupture plate

r to prevent any violentrupture of the battery case. The vent is often an intentionally
the cell case, which is-designed to pop open before the case ruptures violently. A leak b
is also used to prévent any risk of violent rupture of the cell case. The vent typical
1,03 MPa and thiesvent can sometimes be a level of protection to a catastrophic haz:
rpically do not‘perform after venting.

wn separator

separa

meric or ceramic element which has a very low resistance and conducts electricity-with very little

ical range,
of current
ude over a
of the PTC

mperature.
nal fuse is
disconnect
ccurrences

voltage or

ells contain a vent mechanism, which is designed to release internal pressure in a benign manner

weakened
efore burst
y operates
ird but the

meltdown
shutdown

middle polyethylene layer of the three- layer separator. Large cells consist of the

activated When the cells reach temperatures of close to 130 °C.

5.2.4 Safety testing

eparator is

It is presupposed that a safety test is conducted to comply with the transport regulation as specified in
UN38.3 in case of the international transportation as a cell level. The manual of tests and criteria specify the
purpose and test measures.

Considering the space qualification tests, some safety tests such as vibration and shock tests in UN38.3
are merged or involved as equivalent test condition. Since toxicology assessment and report (independent
materials usage and toxicological memos) are required for the following stage of battery level or space
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vehicle safety evaluation, destructive physical analysis (DPA) with electrolyte analysis may be necessary for
space usel13],

5.2.5

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 over-charge or over temperature ranges.

It is important that personnel be protected from the flying fragments, explosive force, sudden release of

heat, and n

The test ar

oise that results from such explosions.

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

As an addi
the tests.

foal precaution, The Temperatures on the SUrface of the battery casings are monito

ed during

All personnel involved in the testing of lithium-ion batteries shall be instructed never to.approach a lithium-

ion battery
while the s

For protec{

a) T1 hig

while the surface temperature exceeds 90 °C (194 °F) and not to touch the lithium-
urface temperature exceeds 45 °C (113 °F).

ion, all the testing are conducted in a protected room separate from(the observer(12l,

h altitude test

This test shall be conducted to evaluate the ability to withstand low preSsure during air transpor

to evaluatd
vacuum te

b) T2 the

This test s
-40 °C to
qualificatiq

c¢) T3vib

This test

integrity and hermetically seal. For space vehicle use, this\test may be merged with t
b t.

rmal test

hall be conducted to evaluate the ability to withstand foreseeable thermal environt
/2 °C during transportation. For space vehicle use, since this temperature range is
n test, this thermal test is conducted separately from the qualification test.

Fation

chall be conducted to evaluate-the ability to withstand the vibration environm

transportations. For space vehicle use,‘the acceleration level of the vibration test for space qua

much seve
The fatigug

In space us
be perform
taking intg

d) T4 sho

This test s
environme

Fer. Therefore, the vibration‘test in UN38.3 may be merged with the qualification vib
b stress is appropriately(considered to set the duration time.

e, the vibration testisalso considered as a screening test for internal short circuit ris
ed mainly at the(battery configuration level using the satellite and other spacecraft env
account the amplification factorsl1él,

ck

hall Be-conducted at the battery configuration level to evaluate the ability to withs
nts.during transportations. For space vehicle use, the acceleration level of the shock te

qualificationissmuch-severer—Thereforethe-vibrationtestin UN383-may be-merged-with-the-glialification

on battery

tation, and
he thermal

hents from
Wwider than

ent during
ification is
ration test.

k and shall
rironments

tand shock
bt for space

shock test.

IrocI—oS vy erer—r TTIr—Tortc

e) T5 external short circuit test

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

Cell level: 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 °C).

f) T6 internal short circuit test (impact/crush)
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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 result
in an internal short circuit. Test conditions are different according to 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.

g) T8 over-discharge test
Typical failures: low voltage cut off (in equipment) failure; protective circuit board failure.

Test condition: each cell shall be forced discharged at ambient temperature by connecting it in series with a
power supply at an initial current equal to the maximum discharge current specified by the manufacturer.

5.2.6 Optional test
The follow|ng tests are considerable for the option.
a) High téemperature and heat-to-vent
Tempejrature tolerance on cells and determination of thermal runaway temperatures.
Requirles cells be well instrumented with thermal and pressure measuring devices.
b) Vent and burst pressure test (only for cell designed with vent system)

Desigr] criteria: vent pressure to maximum expected operatingpressure (MEOP) ratio with af margin up
to 3:1;|and case burst pressure to vent pressure with a margin-exceeding 3:1.

The vent pressure test shall be performed as per the following example, on a basis of two cel] cases that
have cpmpleted the pressure cycling test and one cell\case that is not used for pressure cycle|test.

1) Pressurize the cell cases to P, MPa-G while P,\means initial pressure.
2) Leave the cell cases for 1 min.

3) Confirm that there is no crack on nipture plate.

4) Add 0,05 MPa G to cell cases.

5) Lejave the cell cases for 1{min. If crack on rupture plate occurs during 1 min, record the value of
pressure as P, MPa G.

6) Otherwise, repeat4)and 5) until rupture plate operation.
7) Rdcord the valueof pressure at rupture plate operation.

Criteria: No crack on rupture plate is observed at 0,5 MPa or less. Operating pressure of rupfture plates
of P, i moré&than 3,0 times of P; respectively.

5.3 Logistics

5.3.1 General

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

These requirements are defined in the cell specification and/or storage and handling procedure so as to
minimize pre-flight degradation. Storage, handling, and maintenance methods are in accordance with
practices that minimize safety hazards to personnel, facilities, and flight hardwarel4l.

Rough handling results in cells being short-circuited or damaged. This causes leakage, rupture, explosion or
firel13],
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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. It is presupposed that the latest

editions of

these regulations are consulted prior to the transportation[13],

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

[t is the equipment manufacturer’s responsibility to inform end-users of the potential hazards arising from
the use of equipment containing secondary cells and batteries. See Annex C[12],

5.3.2 Cell manufacturing, storage and testing

a) Cellha
tests s

b) Cell st
safety

¢) Them
ambiel

Recorq
hardw|

For ex
d) Recom

1) In
fir]

and any foreign material.

2) Ul

3) Cdmponents and cleaning materials-shall only be handled with clean plastic gloves.

4) Ce
ex

5) Th
us|

e) Atall
maxin

High t
COrros

hall be documented in the storage and handling procedurel2l.

hazards to personnel, facilities, and flight hardwarel4l,

hximum shelf life limit shall be defined for the cell that includes the maximum expos
1t temperature conditions.

|s are maintained that document the temperature exposure and periodic cell-level S
arelt],

ended storage, physical protections are granted[2.
mended conditions for visual inspection of flight hardware are as follows.

spection of the cells is performed to show that it is free from all visible contaminatj
gerprints, particles, corrosion products, métal chips, scale, oil, grease, preservatives,

fraviolet inspection, special lights and-mirrors considered aids to visual inspection sh

terior shall be thoroughly eleaned with IPA immediately prior to packaging for shipmg

e packaging matepial-in contact with the cell is sterile or thoroughly cleaned with I
pl5],

fimes, cells shall be maintained within a controlled temperature and humidity envij
ize batterydife and prevent water condensationl[2l.

emperature of high humidity causes deterioration of the battery performance and
jon(i3l,

ndling, storage, and maintenance methods validated as part of development and/or qualification

brage, handling, and maintenance methods shall be in accordance with practices that minimize

ire time to

DC of flight

on such as
adhesives,

h1l be used.

Il to cell and cell to case junctions are sealed with insulation material (tape, specific cap, etc.) The

nt.

PA prior to

onment to

or surface

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

f)  When not in use, cells shall be placed in a 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[4l,

5.3.3 Safety measure for handling

Annex D shall be followed for safe handling of lithium-ion batteries.

Common it

ems to be considered are described in Annex D.
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11 transportation

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

5.4 COT

S cells for space use

5.4.1 General

Cells designed for space applications have a clear genealogy from development to qualification, so battery and
spacecraft system manufacturers can be assured of the high quality and intended performance of the cells.
On the other hand, COTS cells are generally superior to space cells in terms of mass, speed of performance
improvement, and cost, but they were not necessarily developed for space applications. In addition, since

these cells
low, maki

cells with {
environme

54.2 Sa

The safety

It is presuj

UN38.3 as

When chaf

shall be pr

If custome

criteria sh{

543 Lo

In general,

by cell mai
a fixed cus

manufactul
spacecraft
in the fligh
capacitanc
report sub
flights. An
flight cell i
battery an

544 Mi

These test

g it difficult to guarantee the same quality as that of space-use products. In orderto*
hese superior characteristics to space applications, evaluation tests of lot integtity a
nt compatibility is conducted to confirm the space quality level.

fety requirements
requirements for COTS cells in space applications are basically the-same as those for s

bposed that safety tests are conducted to comply with the trafisport regulation as g
h cell level or a battery one.

ging the battery at the launch site, a charging system with an over-charge preventig
ppared and able to detect abnormalities before charging:

s of space program require higher safety than UN38.3 safety tests, additional test iten]
111 be determined with the customers.

[ integrity assessment

the traceability of COTS cells tends to-be uncertain because of their continuous mass
wufacturers. Then “cell lots" are only defined by the unit of sale. Besides, COTS cells d
tomer at the time of manufacture, so minor changes that occur in the constituent m
[ring process are not reported. Therefore, based on the criteria required by the b
system manufacturer, the{lotintegrity shall be confirmed by evaluation tests of all cells
L battery. The lot integrity/is evaluated based on the test results of open circuit voltage
e, DC resistance, and AC resistance, as illustrated in the flowchart in Annex F, or the
mitted by the cell'manufacturer. Cells that do not pass the Criteria are excluded and n|

5 selected from*that lot. The above criteria and exclusion rate may be values agreed u
[l spacecraft’system manufacturer with their customers.

ksion\conformance test

eability is
ipply COTS
nd mission

pace cells.

pecified in

n function

s and their

production
o not have
aterials or
attery and
assembled
[V, ), mass,
inspection
ot used for

] if the number-ofexcluded cells is greater than a predetermined percentage (exclusi¢n rate), no

pon by the

E 3¥0 to confirm that the COTS cells are comnatible with the micciaon onviranmaental
OO0 H T HtHAtH e U085 e o Pt Attt e H ST e O e et

onditions.

>

The parameters of each test are determined by considering loading conditions, environmental conditions,
and duration of use, and are selected to suit the specific mission environment. Any cell from the lot that has
passed the integrity test shall be selected for the mission environmental conformance test.

5.4.5 Charge and discharge test

When cells charged according to specific mission environment conditions are discharged under the
same conditions, the resulting as discharge voltage, capacity and power are evaluated to satisfy mission
requirements. Charging conditions include ambient temperature, charging current, charging time, charging
upper voltage limit, and charging stop conditions. Discharge conditions include ambient temperature,
discharge current or power, discharge time, discharge lower limit voltage, and depth of discharge.
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5.4.6 Thermal vacuum test

The thermal vacuum test is conducted to confirm the hermetic integrity of the cell when subjected to thermal
stress under conditions that cover the temperature range expected for the mission. Thermal environment
applicability is evaluated based on changes in capacity, discharge voltage, charge voltage, and internal
resistance before and after the test, and loss of hermetic integrity is confirmed by detecting vaporized

electrolyte

coming out from inside the cell in a vacuum environment.

5.4.7 Mechanical environment test

Sinusoidal vibration, random vibration, and shock mechanical environment tests encompass the vibration
and shock levels expected on the mission. The mechanical environment test levels are based on the values

shown in Tahle 2, Table 3, and Table 4. The mechanical environment applicability is evaluated bz

sed on the

changes in

54.8 Cy

Charge-dig
Charging i
voltage lim

After char
limit voltag
number fo
evaluated

internal re

5.4.9 St¢

Lithium-io
during stot
of time, us
are evaluat
and the ind

6 Batte

capacity, discharge voltage, charge voltage, and internal resistance before and afterith

Cle life test

charge cycle tests are conducted in the temperature environment expéected for th
5 performed at a constant current charge followed by a constant voltage ‘transition a
it specified by the manufacturer until a certain time elapses.

ring, the cells are discharged at a constant current until the voltage reaches the lowe
re. The above charge/discharge cycle is repeated until the number of cycles reaches a J
' mission completion. The durability of the cell and the passibility of completing the 1
based on the rate of capacity decrease, the decrease ifi/discharge voltage, and the
Kistance before and after the charge/discharge cycles.

prage life test

age is evaluated by placing the cell under a‘constant environmental temperature for a
ng SOC as a parameter. The durability.ef the cells and the possibility of completing 4
ed based on the rate of capacity loss‘before and after storage, the decrease in dischaf
rease in internal resistance.

ry

6.1 Performance

6.1.1 Ge|

This subcld
the LIB for

neral

juse deseribes the minimum items of performance to satisfy for the fundamental requ
the space‘vehicles, maintaining space quality.

6.1.2 C/

n‘charge or discharge current (c-rate)[41[5][6]

e tests.

le mission.
' the upper

" discharge
bredictable
hission are
ncrease in

h cells deteriorate even when stored without@eharging and discharging. The amount of degradation

ong period
he mission
ge voltage,

rement for

The constant charge or discharge current for a battery is defined as C/n. Cis the cell-level nameplate capacity
in ampere-hours (per vendor’s criteria) and n is any value for elapsed time measured in hours. For example,
a discharge current of C/2 for a 20 Ah rated cell is a discharge current of 10 A.

6.1.3

Endpoint v

Cut-off voltage

oltage as specified by the manufacturer in discharge sequence.
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6.1.4 Cycle

One cycle is usually one sequence of fully charging and fully discharging a rechargeable cell or battery.[]
This is used mainly for full energy or capacity checks. On the other hand, one cycle of batteries such as LEO
operation is a sequence with a partial charge (EOCV limit) and limited discharge (low DOD), which is defined
as one partial cycle (e. g. discharge from SOC = 100 % to 80 % and charge from SOC =80 % to 100 %).

Set of operations that is carried out on a secondary (rechargeable) cell or battery and is repeated regularly
in the same sequence.

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 includes rest periods[13],

6.1.5 De

DOD is def
of DOD: on
(in watt-hd

where D,
electricity
energy.

NOTE i
expended iif
discharge d

6.1.6 En|

Highest ch
taking intg
to suppres
capacity.

6.1.7 En

Battery en
value, is tH
are from s
lower cell
is measurg
Battery diJ
the prefery
capacity.

Eq=1(

pth of discharge (DOD)*I1>116]L13]

ned as the ratio of discharge capacity to fully charge capacity, and there are two.way;:
e is based on the quantity of electricity (in ampere-hours) and the other is omthé basi
urs).

E
D.==9%100

|
-x100
e E;

or

C4 and C; are DOD, discharge capacity and fully stored change capacity based on
and where D,, E4 and E; are DOD, discharge energy and-fully stored charge energ

or batteries that are sub-charged, i.e., not recharged to full energy, DOD is the percentag
a discharge from the sub charged point. For example, abattery that is sub charged to 70 % S
bwn to 40 % SOC is considered to have cycled over 30(% of its energy and the DOD is 60 %.

i of charge voltage

consideration for the life. In some case, it is necessary to define the lower end of cha
5 the capacity degradation instedd,of the value of cell manufacturers’ definition for the

lergy

ergy is equal to thesintegral of the product of discharge current and voltage, where I 4
e discharge current'and V;, a positive value, is the discharge voltage. The limits of

fart of discharge to either the minimum battery voltage limit or when the first cell 1
boltage limit\or when defined time duration is reached. This is a point-in-time energy
d at a defined charge voltage-current profile, discharge load profile, and tempera
charge-is“accomplished with constant current discharge; however, constant power
edmethod if it more closely simulates spacecraft power. This is also sometimes called

b definition
s of energy

e8]

Juantity of
y based on

e of energy
DC and then

nrging voltage in the cell-operating region. This value is specified by the battery manufacturer

rge voltage
nameplate

a positive
ntegration
eaches the
value that
re profile.

t
d]ﬂscharge is

watt-hour

I4xVy4)-dt

(2)

where Eg, I3, and V4 mean discharge energy, discharge current and discharge cell voltage as a function of

time

6.1.8 En

ergy density

Quantity of energy stored by a cell or a battery per unit weight or unit volume. Typical units include
watthours per kilo-grams (Wh/kg) for specific energy, watt-hours per litre (Wh/1) for volumetric energy. To

be most us

eful, energy density is measured at a specific discharge rate and temperaturell1l,
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ergy reserve [41[5]

Total amount of usable energy in watt-hours remaining in a battery, which has been discharged to the
maximum allowed DOD under normal operating conditions to either the minimum power subsystem battery
voltage limit or when the first cell reaches the lower cell voltage limit.

6.1.10 Fully charged [21[13]

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

manufactu

rer.

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

manufactu

rer.

6.1.11 Nameplate capacity

Nameplate]
minimum
their user {

6.1.12 Nominal capacity

Nominal ¢
document

6.1.13 Nameplate energy [51[12]

Nameplate]
minimum

user and a
battery md
Nations re

NOTE ]

6.1.14 Nominal voltage [°]

capacity (Ah) is defined by battery module supplier considering the nominal‘capac
puaranteed capacity. Battery supplier informs the nameplate capacity with’hominal
ind associated conditions for definition.

[see 6.1.16).

energy (Wh) is defined by battery module supplier considering the nominal ener
puaranteed energy. Battery supplier informs the nameplate energy with nominal enej
ssociated conditions for definition. Nameplate energy in the watt-hour rating is man
dule as the product of Nameplate capacity*of Nominal discharge voltage according to
fommendation.

Nominal voltage is measured and definied by battery supplier.

ty and the
Capacity to

hpacity is defined as standard method for capacity measurement which is described in this

by and the
gy to their
ked on the
the United

is defined
of charge

efinition of

energy (in

Approximdte value of the voltage used to designate or identify a cell or battery. Nominal voltagg
and inforrﬁed by cell supplier based on the capacity measurement with the conditions of eng
voltage and cut off voltage.
Nominal voltage represents average discharge voltage obtained during the nominal capacity test
6.1.15 State of charge
SOC is defined as the ratio of charge capacity to fully charge capacity, and there are two ways d
SOC: one ig based on the quantity of electricity (in ampere-hours) and the other is on the basis of
watt-hours).

Cy Eq

S.=—x100 or S,=—x100
Ce E¢

(3

where S, Cy, and Crare SOC, charge capacity and fully stored charge capacity based on quantity of electricity

and where

Se Eg and E¢are SOC, charge energy and fully stored charge energy based on energy.

The available capacity in a cell or battery expressed as a percentage of rated capacitylel.
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6.1.16 Standard method for capacity measurement

apacity is measured according to the following protocoll12l,

Preparation

The following information is clearly defined by the battery supplier based on the cell suppliers’
recommendation prior to the measurement of capacity. Their information is provided to their end users:

arging protocol; CC-CV or CC-CC;
plicable design value of constant charge current;

d of charge voltage;

arge end condition; charge current ratio, e.g. C/100, or charge duration time, e.g. 8h;
bcharging protocol; constant current or constant power;

plicable discharge current;

ver voltage limit at the end of discharge;

mperature representative point as thermal control reference.

rge remaining energy with applicable constant discharge cu®rent until lower voltage |

the representative temperature becomes stable, perform charging protocol accord
y suppliers’ definition.

he representative temperature becomes stable, perform discharge with applicable pr
ined voltage limit is reached.

pasured discharge capacity is recorded as-the nominal capacity.

Standard c
a)
1) ch
2) ap
3) en
4) ch
5) di
6) ap|
7) loy
8) tel
b) Discha
c) After
batter
d) Aftert
the de
e) Them
6.1.17 B
This meas
The intern

a‘lrtery internal resistance (ohmic)

rement is performed as required-

h] resistance of each batteryis determined at 2 SOC values (e.g. 10 % and 90 %) for the

representdtive temperature, which,iS specified by battery manufacturer, using a short durz

technique
battery int
Internal re|

[e.g. constant currentdischarge with 30 s), then calculating the AV/AI values. It is notid
ernal resistance is depending on the cell and battery design but also on the measuring {
sistance values évolve considering the SOC, the time to perform the measurement.

6.1.18 B

tery impédance

This measyirement.is performed as required.

The impedance of each battery is measured at a specified SOC value for the operational rep

mit.

ing to the

tocol until

perational
ition pulse
ed that the
echniques.

resentative

temperature, which is specified by battery manufacturer, using a specific analyser with frequency range in
adequacy with mission specification (typically range from 10 Hz to 100 kHz).

6.1.19 Life test demonstration

Battery qualification includes life test demonstration which is performed at cell level and/or battery
configuration level depending on the mission.

The following conditions are the typical usage for the space vehicle use.

The life tests for qualification or life demonstration is performed using real-time and/or accelerated
conditions.
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[t is recommended to perform the life test on hardware that have been submitted to vibration testing and/
or radiation environment.

For GEO profile, real-time corresponds to repeated, up to 30 times at least (corresponding to 15 years),
eclipse periods with 45 d, 1 cycle per day of eclipse simulation and 135 d of solstice with or without plasma
propulsion peak simulation.

For accelerated conditions of GEO profile, the number of charge/discharge cycles is accelerated from 1 cycle
per day in eclipse season to 2 cycles, and a sun light season of 135 days is reduced to few days, and capacity
degradation during a sunlight season is estimated by another calendar life tests.

6.1.20 For GEO simulated

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

a) Tempegrature Ty, (°C) (thermal chamber temperature regulation/T,,.: defined by battexy Supplier). The
temperature is representative of the thermal environment seen during the mission;by*the bpttery. The
reference temperature is set to be at 15 °C or 20 °C.

b) CC (constant current) or CP (constant power)/CV; charge current from C/5 to*C/10/duratior} 22,825 h/
EOCV:|V,, (V): defined by battery supplier.

c¢) CC or CP; discharge/duration: GEO profile with 1,175 h max achievediat day 23rd of the edlipse up to
70 % tp 80 % DOD.

d) Days of solstice period with CV charge to EOCV defined by the supplier.
The GEO life test is performed using the selected balancing systém for the battery, if applicable.

Standard method for capacity measurements are conducted ‘before life test and periodically: after each or
two seasort}s period up to season 30th, at minimum.

For LEO, rxission 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.

6.1.21 For LEO simulated
a) Temperature Ty, (°C) (thermal ciamber temperature regulation/Ty,: defined by battery supplier).
b) CC/CV| charge current 0,3 C to-0;5 C/EOCV: V, (V): defined by battery supplier.
c¢) CC; digcharge current 0,5:C

Balancing $ystem is alsp,in¢luded to the test, if applicable.

Standard cppacity mteasurements are performed before life test and every 3,000 cycles or less.

6.1.22 For launich vehicle: simulate ground storage and usage at launch phase

The launch vehicle missions are specific to the type of launcher and the battery function. The profile is
derived from the mission profile.

If batteries are used for flight termination system, tracking system, or telemetry system, mission profile of
batteries include abnormal conditions to ensure the safety functions.

6.1.23 Battery general requirements [51[11]

The design of a multi-cell battery shall ensure electrical continuity, mechanical stability, and adequate
thermal management. The battery shall provide both the energy/capacity and current required within the
voltage limits of the application. The performance of the cells in a multi-cell battery is usually different from
that of the individual cells. The cells aren’t manufactured identically and each can encounter a somewhat
different environment in the battery.
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The design of the multi-cell battery (such as packaging techniques, material of structure, insulation,
and potting compounds, connecting, safety components) influences the performance as it affects the
environment and temperature of the individual cells[18][19],

6.1.24 Electrical design

The battery electrical design shall minimize the risk of leakage currents from the cell terminals to the battery
case or cell voltage monitoring circuitry and electrostatic discharge and shall meet all electro magnetic
interference and compatibility requirements for the application. The battery charge control is required for
LIB to avoid the hazards associated with over-charge and is developed along with battery design.

Batteries and battery structure shall be designed to survive all environmental conditions of a mission

or applica

tion. This includes launch/abort/landing loads, transportation, and handling env

ironments.

Mounting

6.1.25 Thiermal design

Battery de
the other h

r sealing of cells in a battery case does not interfere with cells vents or rupture plate,

Kigns that retain the heat dissipated by the cells improve performance atlow tempei
and, excessive build-up of heat can be injurious to the battery’s performance, life, and

atures. On
safety. The

battery th¢rmal design shall maintain an optimal temperature range for all thie)cells in the batfery within
the expected environmental conditions.

6.1.26 Meéchanical design

Battery mgchanical design shall be in accordance with the launch sife requirements and the cusomer from
mechanical margins which include the burst pressure versus the'maximum operating pressure.

6.1.27 Cell-to-cell balancing mechanisms

During charging, differences in individual cells lead.to differing voltages in cell groups. Some cells are
undercharged, with a result of decrease in the oyerall battery capacity. Conversely, some cellf are over-
charged, with the result of cell damage, shortening of life cycle, or the creation of safety issues. [[n order to
achieve a uniform SOC, consideration shall be given to, including a cell-to-cell balancing mechani$ms for use
during battery charging systems.

6.1.28 Marking

Batteries s

Marking is

6.1.29 Ce

hall be marked with the watt- hour rating on the outside case.

confirmed according to each mode of transport regulations(2].

1 matching

Cell match

acceptancd testing, if there is no cell-balancing system within the battery.

ing shall.be performed regardless of the kind of cell selected or the passing of qu

hlification/

6.1.30 Polarization testing (optional)

The electrochemical activity of a cell shall be determined periodically by measuring its voltage-current

relationshi

p 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 within the
capabilities of the cell) in charge mode for about 20 s and then in discharge mode for about 20 s.

NOTE

term exposures such as this.
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In this way, the cell SOC remains approximately the same at the end of the test as it was at the beginning of

the test. Pr

eferred SOC are 25 %, 50 %, and 75 %.

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

This meas
voltage-cu

6.1.31 Se

This simpl
on SOC) an|

Usually 25
eliminated

6.1.32 Ta

Screening
internal re
to identify

For examp

By analysi
anything f
short perid
At the end

Dischal
data aj

The rd
follow
upwarj

Thedi
rate al
curve

irement generally is in good agreement with the resistance calculated from theps
‘rent relationship.

f-discharge rate test

e test involves stopping during charge and/or discharge cycles at specific intervals (usy
d observing the rate of decay for a fixed time interval (e.g. 72 h).

%, 50 %, 75 % or 100 % SOC are chosen for convenience. Cells with steeper decay ra
from consideration.

jloring screening tests

tests shall be tailored to individual cell types (capdacity/energy checks, weight me
Kistance checks, voltage profile, self-discharge). Aseries of combination cycles allow tH
deviations in cell behaviour.

e, 1,5 Ah lithium-ion cells are cycled in the\following way for screening purposes.

hg the plotted data, performance differences can be easily seen. Begin with a C ratg
fom C/1 to C/10 to a maximum of 4,2' V. Then switch the cell to open circuit (or wait
d of time (usually for several minuites, the same wait time is used for all cells of the 3
pf the wait state, observe and note the voltage decay and then do the following special

rge at C/1 for 1 min, then-without hesitation, switch toa C/10 discharge downto 2,4 V. A
‘e plotted using the same-scale values.

sulting voltage vérsus time curve is an upward sloping charge curve with the expec
ed by a self-diseharge dip or notch, attached to a steep downward curve that abry
d caused by theTeduction in the discharge rate.

fferencebetween the C/1 discharge and the upturn resulting from the abrupt decrease ij
ows the internal resistance of the cell to be determined. Finally, after the initial rise, th
lecreases back down into a more typical slope.

ope of the

hally based

es shall be

hsurement,
e engineer

b charge at
state) for a
ame type).
discharge.

1 graphical

ted peaks,
Iptly turns

h discharge
e discharge

the data to pick out the cells which are assembled into a string of cells.

6.1.33 Cell matching criteria

Continue to test the cells in question for about 50 cycles. After about 50 of these special cycles, analyse

A document is written that defines the cell matching criteria for the flight lot and provides the data that
support the selection of a specific criterion depending on the cell design and supplier.

The cell matching criteria for the flight battery are enveloped by the beginning-of-life performance of the
qualification life test cells that utilize flight-like charge control for the balancing during test.

The cell matching criteria shall include capacity and resistance data at a defined voltage.
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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.

6.1.34 Co

ntamination control

At all times, the battery shall be maintained within a controlled temperature and humidity environment to
maximize battery life and prevent water condensationl[2l,

High temperature of high humidity causes deterioration of the battery performance and/or surface
corrosionl3l,

General cle
testing of
numbers o

6.1.35 Te

Key batter
load, and 1
possible p|
acceptance

6.1.36 Flj

Acceptancd
weight me
cycling or

Off-gassing
electrolyte

Users shall
cell manuf

6.1.37 As

The follow
on the nunf

a) Life te
that en

throug

b) Testd

the number of test samples

anliness and contamination control requirements are addressed during the manufag

f trapped micro debris in the battery.

5t data trending [4]

y performance parameters, such as charge retention, capacity or epergy, voltage under
esistance shall be monitored across successive manufacturing, lot$ (trend analysis)
erformance degradation due to unanticipated material or nanufacturing variat
testing.

ght verification acceptance testing [3]

e testing for lithium-ion batteries include visual.jrdspection, vacuum/leak check, dime
hsurement, open-circuit and closed-circuit voltage checks, cycle testing, vibration, a
apacity tests at different temperatures.

/out-gassing tests are required for materials compatibility. Any cell displaying any ¢
leakage fails these tests.

verify that all batteries intended for flight use are within the designated shelf life b3
icture date as specified in the Limited Life Items data.

surance of the life estimation [8]

ing are the recommended measure to establish the life estimation. It is important nof
erical model of life\prediction too much.

sting of battery for service-life expectancy confirmation is conducted under a set of
velope the mission battery load range, charge-control methods and conditions, and ter
h all mission modes and states.

ration includes margin to demonstrate the required battery reliability and confidencg

turing and

[light battery. In addition, special precautions are taken during the final assembly to limit the

maximum
to identify
on during

nsions and
hd thermal

bvidence of

sed on the

to depend

conditions
hperatures

level from

results, the established acceleration factor is used.

For cases where a time-acceleration factor has been established and validated by previous life-test

For cases where a time-acceleration factor has not been established by previous test results to be valid

for the mission duration and conditions, the time-acceleration factor is based on data and analysis to be

9]
d)

provid
6.1.38 Pa

ed to and approved by customer.

rameter measurement tolerances

Battery shall be manufactured under parameter measurement tolerances.

The overall tolerances of controlled or measured values are commonly specified in Annex A.
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6.1.39 Battery testing [51[15]

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 safety tests that prove two-fault tolerance to catastrophic hazard shall be performed as part of a
qualification test program and repeated for each newly purchased lot of the same battery.

6.1.40 Development testing [41[15]

The object
required c

Developms
new or mo

Developms
compatibil
reliability,

Developms
design ran
conditions

iVe of development testing 1S to identily problems early in the design evolution s
brrective actions shall be taken prior to starting formal qualification.

o that any

nt testing is conducted for a new or modified battery design, new or modified’module design,

Hified cell design, new application, or new supplier of cell, module, or battery;

nt testing is used to confirm performance, structural margins, dimensional re
ty to pre-launch, launch and space environments, manufacturability, testability, mai
hnd compatibility with system safety.

nt testing is conducted, when practical, over a range of operating conditions that ¢
be to identify margins in capability. Operating conditions iriclude temperature and cha

6.1.41 Chparge control testing

The batter
control me

y shall be tested with flight-like charge control electronics to determine whether
thod and conditions are consistent with required battery performance throughout mi

uirements,

gtainability,

xceeds the
rge control

the charge
bsion life.

Control pdrameters to be used, such as voltage,(temperature, current, and cell balancing capability (if

required)
satisfies th

Charge cor

re characterized sufficiently for a flight-type battery to demonstrate a charge control
e requirements for all vehicle operations, including sun periods and contingencies.

trol electronic designs are validated during the life cycle test.

6.1.42 Thiermal control testing

Thermal tg
are consist

Control p43
sufficiently
for all miss

A variety

sting of a battery isperformed to determine whether the thermal control method and
ent with and satisfy battery requirements.

rameters to{be used, such as temperature and temperature gradients, are chd

Hesign that

provisions

iracterized

r for a flight*type battery to demonstrate a thermal control design that satisfies the requirements

ion conditions and vehicle operations, including sun periods and contingencies.

pf-thermal tests shall be performed to validate thermal characteristics and reduce

the risk of

+ . 3. Lec: .
thermal isstesoeeurt Mg Oatrig quauu\,atluu test:

a)

A thermal characterization test is performed at the cell, module, or battery level, either in a calorimeter,

thermal vacuum, or temperature-controlled environment, to aid in thermal model correlation. This data
validates the cell-level thermal dissipation or quantifies the external temperatures and gradients as a
function of charge/discharge condition.

b)

A thermal conductance test quantifies the rate of heat transfer through a material or across an interface.

Specific applications include measuring the directional conductivity in composites, the conductance
across cabling, and verification of thermal blanket performance, or any other potentially significant
heat conduction path, such as from the cell to the radiator or across battery-to-space vehicle interfaces.
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¢) A thermal 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.

6.1.43 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.

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
to support

Developms
prevent ing

6.1.44 Qu

Qualificati
acceptancs
margin to

The qualif]
equipment

Each type
qualificati

A qualifica
test plan.

6.1.45 Qu

To demons|
to more se

Qualificati
cause unre

6.1.46 In-

Parts, wiri
and in-pro

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

nt tests and evaluations of vibration and shock test fixtures are conductedprior to
idvertent over-testing or under-testing, including avoidance of excessive cross axis reg

alification test [4]

bn tests shall be conducted to demonstrate that the design,»manufacturing pr
program produce battery hardware that meets specification requirements witl
hccommodate normal production variation, multiple reworkyand test cycles[18l,

cation tests validate the planned acceptance program,‘including test techniques, p
instrumentation, and software.

of battery, module, or cell design that is to.B¢ acceptance-tested undergo a cor}
n test.

alification test levels and duration

trate margin, the qualification environmental conditions shall stress the qualificatior
Vere conditions than the haximum conditions during service life.

hn testing, however, [0es not create conditions that exceed applicable design safety
alistic modes of failure. The qualification test conditions envelop those of all applicabl

process inspections and tests

hg, or materials that are not adequately tested after assembly are subjected to in-procsg
Cess inspections during their manufacture.

model and

first use to
ponse.

pcess, and
1 adequate

rocedures,

'esponding

Fion test specimen is exposed to all applicable environmental tests in the order of the quialification

hardware

margins or
P missions.

ss controls

Conformity

F 'With the documented process controls, inspection requirements, and general wo

rkmanship

requirements, shall be verified.

6.1.47 Data collection and acquisition rates

In all instances, the numerical values for voltage, temperature, current, capacity, and resistance are recorded
when required, instead of only indicating PASS or FAIL against a range of values provided by the test plan.

Voltage, current, and temperature data shall be recorded at rates and accuracy sufficient to verify conformity
with test requirements and performance specifications.

During any dynamic environmental test, data are collected on strip chart recorders or at a sufficient
acquisition rate to evaluate for intermittent dropouts.

© IS0 2024 - All rights reserved

25


https://standardsiso.com/api/?name=995e3b35fc0c5bfcacd51c93de6e4fb9

6.2 Safe

6.2.1 Ge

ISO 17546:2024(en)

ty

neral

Battery supplier ensures the safety of personnel and hardware throughout all phases of battery development,

fabrication

, assembly, testing, handling, storage and transportation.

All precautionary measures to prevent the inadvertent venting of an individual cell or assembled combination

of cells are

identified and implemented.

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

The safety
a)
b)

Cells and H
use and re
following 3

intend

reasorn

They shoul
to intende(

Based on f]

of secondary batteries requires the consideration of two sets of applied conditions as
ed use;
ably foreseeable misuse.

atteries are designed and constructed so that they are safe under conditions of bot]
hsonably foreseeable misuse; it is expected that the misuse of cellsory batteries fails
uch experiences.

d not, however, present significant hazards. It is also expectedthat cells and batterie
| use should not only be safe but should continue to be fungtiénal in all respects.

he principle of ISO/IEC Guide 51 and ISO 12100, apptopriate risk analysis is condug

supplier cansidering the whole life cycle.

Typical ha
interface is
chemistryl

Lithium-io
internal co|

They are a
design sta

zardous situations caused by an LIB become edthmon knowledge; however, the LIH

analysed specifically case by case, due to the\differential system architecture, supp
12]

h cells and batteries are categorized by:their chemical composition (electrodes, elect
nstruction (bobbin, spiral, stacking)-

vailable in various shapes. It is ‘necessary to consider all relevant safety aspects at {

power output and battery configuration.

The follow
Abnor
Tempe
flow.

ruptuy

transp

ng design concepts forsafety are common to all lithium-ion cells and batteries.
mal temperaturerise above the critical value defined by the manufacturer is prevented

rature increases in the cell or battery are controlled by the design, e.g. by limiting {4

Lithium cells-and batteries are designed to relieve excessive internal pressure or to preclud

eander conditions of transport.

ollows:

h intended
to function

b subjected

ted by the

design or
y chain, or

Folyte) and

he battery

be, recognizing the fact that ‘theéy differ considerably, depending on the specific lithigym system,

by design.

he current

le a violent

ort and intended use.

Lithium cells and batteries are designed so as to prevent a short-circuit under normal conditions of

Lithium batteries containing primary and secondary cells or strings of cells connected in parallel are

equipped with effective means to prevent dangerous reverse current flow (e.g. diodes, fuses)[131,

Technical requirements for battery design and operations should be according to ISO 24113.

is capable of these operations.

burst risk during the operating life cycle of cells and battery.
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6.2.2 Definitions of dangerous phenomenon

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

These hazards are the results of risk assessment and analysis.

An example of risk analysis to identify such hazards is described in Annex C.

Potential hazards which are the subject of this document are as follows[121[17];
a) fire;

b) burst/explosion;

c¢) leakageof cell electrolyte,

d) venting;

e) burns form excessively high external temperatures;

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

g) smoke

6.2.3 Tefhnical requirement

Technical y
Risk analy

FMEA is dd
positive te

equirements for battery safety design are described as follows.
bis through the life cycle shall be conducted as earlier'phase of development of LIB.

ne for all battery designs. All cell safety devices«such as rupture plate, current interru
mperature coefficient devices, fuses, and switches, relays, by-passes and diodes) in

into the battery design have their failure modes and xgliabilities included in the overall battery

reliability
Whenever

charging 4
requireme

6.2.4 Fa
The fault t

Batteries 4
or the use
potential.

Since lithiy
two-fault t

inalysis, since they increase the number-of failure scenarios.

a choice exists between different tisk-levels associated with chemistry, capacity,
nd application, the option that presents the minimum risk while meeting the p¢g
hts of the mission is selected.

hlt tolerance
lerance of the battery.is evaluated as part of the battery design evaluation.

nd their systemsshall be inherently safe through the selection of appropriate desig
of appropriate safety devices, as fail operational/fail safe combinations to eliminate

m-based cells/batteries have a high specific energy and hazard potential, they shall
plerant to any catastrophic failure.

pt devices,
corporated
failure and

fomplexity,
rformance

im features
the hazard

be at least

Hazards are considered as catastrophic when the consequence belongs to one of the following ca

an interfacing manned flight system;

loss of

launch site facilities or loss of system;

long-term detrimental environmental effects.

tegories:

loss of life, life-threatening or permanently disabling injury or occupational illness, loss of an element of

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 counts as a hazard control, dependant
on cell design, capacity, complexity, charging and application. A cell failure is counted as one of the failures(2].
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6.2.5 Hazard controls [3]

A battery design includes controls for potential battery hazards.

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 includes assessment of the battery hazard controls.

6.2.6 Over-current prevention

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

Devices eif
relay, or lil
over-curre

If the batte

If for pract]
other prot
battery to

6.2.7 Ov
Each batte

These prot
be over-ch

Protective
ON.

For examp
to the spa
protection

6.2.8 Te
The design

Where nec

6.2.9 Inj

The insulation resistance between the positive terminal and externally exposed metal surf:

battery ex
supplier.

Ner go to the open-circuit position i the battery is discharged at an exCessSIVE rate,
mit the current flow to a safe level, e.g. positive thermal coefficient (PTC) device) B9

ry is tapped to provide different output voltages, each tap is protected with.an.evercurj

ical reason (such as accuracy of measurements, power efficiency or reliability concern
pction cannot be used, a strict quality control is enforced during hdndling and opera
hvoid any risk of over-current.

er-voltage protection

Fy shall have integrated overvoltage (over-charge) protection.

hrged.

function automatically works and not require operator action, when arming functio

le, the over-voltage protection within a battery may be providing a voltage monito
Cecraft such that the spacecraft ¢controller eliminates the charging function. The o
may be a combination of battery.and spacecraft electronics.

mperature/current management
of batteries be such that abnormal temperature-rise conditions are prevented.

essary, means shiallbe provided to limit current to safe levels during charge and disch

fulation and'wiring

Cluding electrical contact surfaces are dependent on the battery design and establis

nt protected in the ground lead of each series string. Each separate circuit is pretected.

b.g. fuse or
tteries are

ent device.

s), fuses or
tion on the

ections disconnect the battery from the charging source or shunt current to avoid each cell not to

n, if any, is

ring signal

rer-voltage

hrge.

ices of the
hed by the

Internal wiring and its insulation shall be sufficient to withstand the maximum anticipated current (using
the de-rating rules for the wires of ECSS-Q-ST-30-11, for example), voltage and temperature requirements.

The orientation of wiring is such that adequate clearances and creepage distances are maintained between
connectors.

The mechanical integrity of internal connections is sufficient to accommodate conditions of reasonably
foreseeable misuse.
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6.2.10 Positive protection against accidental shorting

When the battery is not installed in a 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 are selected to prevent accidental battery turn-on. Switching devices are not
used in the ground leg(s).

6.2.11 Venting

The battery cases and cell shall incorporate a pressure relief mechanism or shall be so constructed that
they can relieve excessive internal pressure at a value and rate that can 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
pressure r

Cell or batt
is essentia
thermal m

A vent path for the toxic and corrosive and/or flammable vent products is designed to prevent cg

or undired
battery ass

6.2.12 Cr

Hardware
contact, h{
measures 4§

If a batter
incorporat
limit even

If the batt
controls arj
the toucha

6.2.13 Te

Terminals
terminal c
the conned

In order to

External t4
and corros

encapsulation are neither cause the battery to overheat during normal operation
lief.

ery vents shall not be blocked if venting is considered as a measure of fault¢dlérance
|, ensure that venting is not obstructed and that the potting does not adversely aff
hnagement.

ted venting except in applications where venting of any kind, is_ ot permitted. Ho
embly has a functional vent mechanism to preclude rupture.

ew touch temperature requirements

which is touched by crewmembers have surface temperatures not exceeding 45 °C for
wve warning labels for surface temperatures between 45 °C and 50 °C and have
ibove 50 °C.

y or cell under charge/discharge operation is touched by a crewmember, the b

fthe environmental temperature is around 45 °C.

ery or cell is not directly touched but is located near a surface that is touched, tg
e recommended to be incorporated to prevent excessive battery or cell heat from tran
ble surface.

rminal contacts

chall have clear polarity marking on the external surface of the battery. The size and s
bntacts ensure‘that they carry the maximum anticipated current. When the battery i
tor types also“are detailed in an electrical interface drawing document.

avoid improper connection, manufacturers find different keying or other means.

brminal contact surfaces are formed from conductive materials with good mechanic

nor inhibit

. If potting
bct battery

se rupture
ising for a

continuous
protective

ery shall

t
e additional protection to prevent the battery and/or cell temperature from exceedii the 45 °C

mperature
sferring to

hape of the
delivered,

h] strength

jonresistance. Terminal contacts are arranged so as to minimize the risk of short circtits.

6.2.14 Safety testing

It is presupposed that a safety test is conducted to comply with the transport regulation as specified in
UN38.3 or other regulations (e. g. I[CAO etc.) prior to the international transportation as a battery level. The
tests manual and criteria specify the purpose and test measures.

If safety tests cannot be performed at battery level, a justification file is approved by transport authorities
involved in the battery transport. This justification file is supported by safety tests at cell level, qualification
tests at battery level, tests and design analysis of the packaging, and any relevant analysis (such as venting
and hazard analysis).
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Considering the space qualification tests, some safety test such as vibration and shock specified in UN38.3
are merged or involved as equivalent test condition.

6.2.15 Im

portant test considerations

Some lithium batteries can explode when the tests are conducted.

[t is important that personnel be protected from the flying fragments, explosive force, sudden release of

heat, and n

The test ar

oise that results from such explosions.

ea shall 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 are monitored during

the tests.

All person
battery wh
surface tern

nel involved in the testing of lithium batteries are to be instructed never to approac
ile the surface temperature exceeds 90 °C (194 °F) and not to touch the lithium batter
hperature exceeds 45 °C (113 °F)[14],

For protection, all the testing are conducted in a protected room separate from the.observer(14l,
a) T1 high altitude test

This test shall be conducted to evaluate the ability to withstand low,préssure during air tran
and to evaluate integrity and hermetically seal. For space vehicle usethis test may be merged w
vacuum test.

b) T2 thefmal test

This test shall be conducted to evaluate the ability to withstand a foreseeable thermal environ

UN38.3 for
For space
conducted

c¢) T3vib

This test

transportation. This temperature range is not considered as an operating tempera
vehicle use, since this temperature range.isywider than qualification test, this ther
separately from the qualification test.

Fation

chall be conducted to evaluate-the ability to withstand the vibration environm

transportation.

For space ¥
Therefore,
appropriat

In space us
d) T4 sho

This test sh
For space

ehicle use, the acceleration’level of the vibration test for space qualification is much m
the vibration test in UN38.3 may be merged with the qualification vibration test. Fatig
ely considered to sétthe duration time.

ck

all beconducted to evaluate the ability to withstand the shock environment during tran
Peliicle use, the acceleration level of the shock test for space qualification is much m

Therefore,

e, the vibratiofl test is also considered as a screening test for internal short circuit risk.

h a lithium
y while the

sportation
th thermal

ment from
ure range.
mal test is

ent during

ore severe.
lie stress is

sportation.
pre severe.

the’vibration testin UN38.3 may be merged with the gualification shock test

e) T5 external short circuit test

Typical failures: inadvertent shorting across terminals; hard-blow/thermal fuse failure.

Battery level: external hard short is deliberately imposed on the battery under carefully controlled
conditions.

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

f) T7ove

r-charge [2]

Typical failures: charger failure; protective circuit board failure.
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Battery level: verify protective feature for over-charge/over-voltage.

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 are representative of flight hardware configuration. Batteries not
equipped with over-charge 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
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 over-charge of the

battery assembly.

It is the b
depending
model to ay

6.2.16 Thermal runaway propagation

Thermal r
and envirg
temperatu
propagates
runaway o
for manne
characteris
[t is impor
design doe]

6.2.17 Sp
a)

smalle

A sma
design|
tested

b) altern:
In som
units f]
supplig

Test u
humid

ff the cells. Therefore, thermal runaway propagation tests'shall be conducted in battg

multiplle use of test units

attery manufacturer’s responsibility to propose test procedure that covers thelo
on the design and the model mainly in case of very large batteries. This test is net.dong
Foid additional degradation.

unaway, a catastrophic failure mode of cells, may be triggered ‘in’ the intended
nment by overcharging, external short circuits, internal short \circuits, and exces
Fes. When thermal runaway is initiated in a cell in the battery, the large amount of heat
to adjacent cells (thermal runaway propagation), resulting in secondary or tertia

d spacecraft with high safety requirements to quattitatively confirm the thermg
tics of a single cell and the heat transfer characteristics of cell-to-cell between asser
tant to understand the heat transfer characteristics of the entire battery and to verij
5 not go into catastrophic failure mode.

pcial provision
r population [11]

ler population of test units is a€ceptable for safety evaluation that involves revisions
s that have previously beenstested in accordance with same condition or the use of
batteries in new systems otapplications.

tive test units

e tests, individualcells, subsections, and/or partially populated batteries are substity
pr large batteries~The use of alternative test unit and configurations are justified by
BT

hits(that have been subjected to environmental compliance test such as shock, vib
ity exposure, that did not result in discharge of the battery (or when the battery is r¢

ver-charge
on a flight

hpplication
sively high
generated
ry thermal
ry designs
1 runaway
hbled cells.
fy that the

to battery
previously

ited as test
he battery

Fation, and
charged to

its full capacity), are used for safety testing, Alternate allocations of test units are possible. For example,
a short-circuit.

6.2.18 Description for necessary information for system safety review

Since toxicology assessment and report (independent materials usage and toxicological memos) shall be
required for the system safety review of battery level or space vehicle safety evaluation, destructive physical
analysis (DPA) with electrolyte analysis is necessary.
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6.3 Logistics

6.3.1 Ge

neral

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

Storage, handling, and maintenance methods are in accordance with practices that minimize safety hazards

to personn

Rough haf
explosion 3

Regulation
recommen
country or
these regu

Manufactu
are provid
responsibi

batteries. {

6.3.2 M4

Batter
qualifi

a)

b) Batter

minim

The m|
the m

docum

Specia

d)
inspec
open ¢

1)
co
pri

2) Vi

Ar

el, facilities, and flight hardwarel#.

pdling results In batteries being short-circuited or damaged. This causes leakag
nd/or firel13l,

s concerning international transport of lithium-ion batteries or cells -are” bas
dation of the United Nations Committee of Experts on the Transport of Dangerous G
region’s law or regulations and/or directives follows. It is presupposed that the latest
ations are consulted prior to the transportation[13l,

rers of batteries ensure that equipment manufacturers and, in theTase of direct sales
bd with information to minimize and mitigate these hazards. Itis the equipment man
ity to inform end-users of the potential hazards arising from the use of equipment
ee Annex D[12],

nufacture/assembly storage and testing

y handling, storage, and maintenance metheds validated as part of developmg
cation tests shall be documented in the storage.and handling procedurel4l,

y storage, handling, and maintenance methods shall be in accordance with pra
lize safety hazards to personnel, facilities; and flight hardwarel4l.

aximum shelf life limit (cell activation through launch) is defined for the battery th
iximum exposure time to ambient temperature conditions. Records shall be maint
ent the temperature exposufe and cell-level SOC of flight hardware on a daily basis[4l.

lity storage containers dreUsed during extended storage to provide physical protec

tion of flight hardware, temperature, humidity, and shock sensors and measurement
ircuit voltage (V) and cell isolation resistancel4l.

inspection of the cells and battery is performed to show that it is free from
htamination such as fingerprints, particles, corrosion products, metal chips, scale,
psepvatives, adhesives, and any foreign material.

a¥
-

rupture,

bd on the
oods. Each
editions of

end-users

ufacturer’s

containing

bnt and/or

ctices that

at includes
ained that

tion[41.
n(]um: visual

Cell and battery inspections shall be performed according to the following as a mini

of battery

all visible
pil, grease,

Eual incpprfinn is pprfnrmpd with or without mqgnifi{‘nfinn with ndpqnnfp vision

and light

conditions. Ultraviolet inspection, special lights and mirrors are considered aids to visual
inspection.

3)

4)
co

enviro

Components and cleaning materials are only be handled with gloves.

ntact with the cell or battery is sterile or thoroughly cleaned with IPA prior to usel=],

nment to maximize battery life and prevent water condensation[#l.

Cell-to-cell and cell-to-case junctions are sealed with insulation material. The packaging material in

At all times, cells and batteries shall be maintained within a controlled temperature and humidity

High temperature of high humidity causes deterioration of the battery performance and/or surface

Corros

jonl13l,
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General cleanliness and contamination control requirements are addressed during the manufacturing
and testing of flight batteries. In addition, special precautions are taken during final assembly to limit
the numbers of trapped micro debris in the battery.

f)

in accordance to the handbook procedure delivered by the supplier[2l.

g)

sensitive hardware on the battery as specified in MIL-STD-1686.

h)

Preventing method for unexpected discharge.

When not in use, batteries shall be placed in cold storage, whenever practicable, at an appropriate SOC

If necessary, an electrostatic discharge (ESD) control program shall be implemented to protect ESD

An external battery connector shall be constructed to prevent madvertent short c1rcu1t1ng of its

providing 01rcu1try that prevents inadvertent short circuiting, prov1d1ng covers over the téx

of keyq

Insula
Extern

For ps
conneq
non-cg

6.3.3 Sa

Annex D sH

634 Tr

Common it]

7 Batte

7.1 Performance

711 Ge

Flight batt
installed a

When the
integratior
priority to

On the oth

al connectors forming part of the fire enclosure are minimized.

nductive tape, terminal plugs, or individual plastic bags[l1l.

fety measure for handling

hnsportation

ems to be considered are described in AnnexE.

ry onboard space vehicle

neral

bries are installed in‘the vehicle before it is shipped to the launch site or shipped sep

evaluate.the workmanship of space vehicle system, installed the flight battery.

installed o

Ir used for vehicle-level integration or acceptance tests at the vehicle fabrication an

d connectors, and the like.

ing material for external battery connectors, outside the enclosure, has an adéeguate f1

rtially used batteries intended for reuse and batteries awaiting. disposal, protg
tors or terminals from inadvertent short circuits. Examples of pratection methods ing

all be followed for safe handling of lithium batteries.

the launch site.

batteries hdave“the enough power reserve margins and the degradation during {
and test.gan be estimated as negligible or acceptable level, program managemen

er’hand, to maximize on-orbit performance, the actual batteries to be used for flig

terminals,

minals, use

hme rating.

ct battery
lude use of

hrately and

he system
t gives the

rht are not

site, except for non-operational tests.

| assembly

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

This clause describes the case that the flight batteries are installed in the space vehicle before it is
transported to the launch site.
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7.1.2 Basic design

The requirements set forth in this subclause apply to battery installation, check-out, and maintenance of
batteries during space vehicle-level ground activities preceding launch. Battery processing maintains flight
hardware to produce acceptable electrical performance while minimizing degradation.

— Variation between battery modules

In case of equipped more than one battery, the variations of some parameters are considered and
appropriately managed to maximize battery performance in orbit.

Actual capacity, impedance, heat generation, or EODV are different by manufacturing variations.

Reference point of thermal control on hattery module
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in case that the reference point of thermal control of the battery set on_tthe cell st

face of cell

irface, it is

red to precise control directly as a cell temperature. Instead, the case thatthe reference point is

p the fixation point of battery panel, it is easy to interface to thermal control subsyst
rface temperature.

bcision criteria exist in the program situation how much @ccurate to control t
fature and heat dissipation characteristics of the battery.

rctrical ground bonding

e potential float, the battery used to be electricallyybonded to the space vehicle body t

bms just as

he battery

hrough the

be. However, outer surface of the battery case shall be insulated to prevent outer shjort circuit.

n of specifications for ground bonding shouild be confirmed and shared early in f
bhase.

mperature reference point of battery module

ed in 7.1.2, the temperature reference point of the battery shall set on the surface

he battery

of the cell

on the base plate according te the battery thermal characteristics and demand of thermal control

pparation for handling, transportation
rage and handlifig, 'voltage monitoring and periodic recharge, cell rebalancing lead t
hintenance,‘procedures define appropriate maintenance methods, monitoring freq

e voltage, current, and temperature limits that are validated during developm
n tests.

b minimize

lency, and
bnt and/or
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batteries exhibiting excessive self-discharge rates indicate degradation[2l.

Records documenting the flight accreditation status of batteries shall be maintained at minimum up to the
launch date and for the entire satellite and other spacecraft life. These records provide traceability from
production of the battery, through final installation in the vehicle, and on through to launch.

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

Time-correlated records are 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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Satellite and other spacecraft operator inform battery manufacturer of the satellite and other spacecraft’s
end of life.

7.2 Safety

7.2.1 General

Battery suppliers ensure the safety of personnel and hardware throughout all phases of battery development,
fabrication, assembly, testing, handling, storage and transportation(12l,

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

hazardous conditions, as well as hazardous procedures, are identified in a mafgner easily
y personnel.

Potentially
observed b

7.2.2 Définitions of dangerous phenomenon

This subcl
Annex C).

huse identifies the hazardous event when battery is installed onboard into space vehicle (see

Hazardous|events which are the subject of this document are as follows[12]i7}:

a)
b)
<)
d)
e)
f)
g)

fire;
burst/pxplosion;
leakagg of cell electrolyte;

o
=1

ventin
burns form excessively high external temperatures;
rupturle of battery case with exposure of internal components;

smoke

7.2.3 Tefhnical requirement

Battery shi
assessmen
The remai
effective m

7.3 Logi

7.3.1 Ge|

1l be designed to reduce Tisks through cell life cycle, in accordance with battery develd
L. Moreover, reliableprotective equipment and devices prevent foreseeable incidents
hing risk is clearly identified and informed in the handling manual or directly ca
arkings or labels on the battery case.

stics

neral

pment risk
effectively.
utioned by

The requirements set forth in this subclause apply to the handling, storage, and maintenance of batteries
during ground activities preceding pre-launch activities. These requirements are defined in the battery
specification and/or storage and handling procedure so as to minimize pre-flight degradation and hazard

riskl4l.

7.3.2 Safety measure for handling

Common items to be considered are described in Annex D.
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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 is removed prior to launch.

As needed to assist in installation or general battery handling operations, a handling device (frame or
similar structural support) is used after the battery is assembled and prior to installation of the battery on
the vehicle.

The handling device can protect from damaging the battery and any other structural or thermal interface of

the battery with the vehicle.

ota

The handli

An easilya
to the vehi

Optionally,
to launch.

The batter
or damage

After vehid
charge and
any inhibit

Battery vd
monitored
level anom

Pass/fail c}
and qualif
These requ

Battery mg
safety requ

zad
or

agnlata ic ranany abhaon +h atta
16 Plub\f IO 1T CIITITUV O I

X ol xz G i an-thauzakhicla
vwrcrertoaceery oS ta OtttV eeres

ftachable and removable non-conducting cover can protect the battery’s terminals-and
Cle wiring harness after its assembly until just prior to its installation on the vehicle.

the cover remains in place for some or all of the vehicles launch preparatign‘but is renj

y is electrically connected to the vehicle bus in a manner that prevents'uncontrolled cy
to connector pins.

le installation, the flight battery goes through electrical che€kout to verify operation ¢
discharge path, nominal telemetry readings, and operation/of cell balancing circuit, h|
circuits.

Itage (and cell or module voltage where available), current, and battery tempe
after battery installation on the vehicle at a suffi¢ient frequency and resolution to detg
ply, such as premature discharge.

riteria for battery SOC, battery/cell voltage,and temperature are derived from prior dg
cation testing specific to the design and applied prior to and during the terminal d
irements vary at different phases prior to launch.

nitoring and handling are conducted in a manner that complies with vehicle, facility,
irements[41(8],

7.3.4 Balttery maintenance on the space vehicle

Battery m
periodic ce
or frequen

When disc
storage is ¢
specified c

hintenance procedures shall be in place that allow for periodic maintenance of b4
1l balancing, andbattery charge/discharge after vehicle installation, as required. Sp¢g
ries are defimedfor each aspect of battery maintenance.

harged is.the appropriate storage condition for a battery, the discharge of batteries to |
iccomplished with a battery conditioning module that discharge the battery or individ
bntrol rates.

connectors

loved prior

rrent and/

f electrical
paters, and

rature are
ct any cell-

velopment
ountdown.

and range

ttery SOC,
cific limits

brepare for
ual cells at

As a safet

Tfeature, devices are incorporated 1n the design or battery conditioning modules to ac

ommodate

the discharge of the battery at any SOC without causing any damage to the battery or vehicle, including the

prevention

of any battery cell voltage reversals.

Battery monitoring and cycling are conducted in a manner that complies with vehicle, facility, and range
safety requirements.

7.3.5 Ba

ttery transportation equipped in space vehicle

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

[tems in descriptions are shipper’s responsibility, packing instructions, label and marking, and relevant
regulations per transportation mode.
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8 Launch site

8.1 General

Flight batteries are installed in the vehicle before it is shipped to the launch site or shipped separately and
installed at the launch site.

When the batteries have the enough power reserve margins and the degradation during the system
integration and test can be estimated as negligible or acceptable level, program management gives 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 are not

installed o

used for vehicle-level integration or acceptance tests at the vehicle fabrication an

assembly

site, except

Test batter
level accep|

This clausg
site.

All the act]
Therefore,

for non-operational tests.

ies that are equivalent in configuration to the flight batteries and that have passed bat

tance tests are used for space vehicle level integration and acceptance testing:

describes the case that the flight batteries are transported separately and installed at

ivities at launch site are strictly controlled by system safety program of the rangg
the descriptions in this clause are the general consideration fronrengineering standin

the applicable range safety document have priority.

8.2 Performance

The requir]
prior to ing

Battery tes
check after]

At the laun
the batteri

tery flight-

the launch

authority.
b point and

ements set forth in this sub clause apply to check-out, performance verification of flight batteries

tallation on spacecraft.

ting condition maintain flight hardware toproduce acceptable electrical performance
transportation[4l,

ch site, most of the sequence is dedicated to the launch preparations of space vehicle.
es on board vehicle shall be sustainied as a floating charge condition near the fully charg

at room temperature, approximately a couple of months.

Since the
condition i

These datd
and be a b4

8.3 Safe

Battery su

battery capacity/energy lightly degrades by their condition, battery engineer re
hto the life estimation and inform space vehicle system appropriately.

, together with life‘test, are summarized, trended, and evaluated to provide performa
sis for on-orbit 6perations.

ty

bpliers.ensure the safety of personnel and hardware throughout all the phases in laun

as a health

Therefore,
e situation

Flects such

nce trends

th site.

All precaut]

ionary measures to prevent the inadvertent venting of an individual cell or assembled cgmbination

of cells are

identified and implemented.

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

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

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 are the basis for battery operations and controls at the launch site and while

on orbit.
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8.4 Logistics

8.4.1 General

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 are defined in the battery specification and/or storage and handling procedure so as
to minimize pre-flight degradation. Storage, handling, and maintenance methods are in accordance with
practices that minimize safety hazards to personnel, facilities, and flight hardwarel4l.

Rough handling results in batteries being short-circuited or damaged. This causes leakage, rupture,

explosion and/or fire[13],

Regulation
recommen
country or

[tis presup
8.4.2 Sa

Common it]

As a safet

s concerning international transport of lithium-ion batteries or cells are (has
dation of the United Nations Committee of Experts on the Transport of Dangerous G
region’s law or regulations and/or directives follows.

posed that the latest editions of these regulations are consulted prior tothe transport

fety measure for handling

ems to be considered are described in Annex D.

bd on the
oods. Each

ation[13l,

y feature, devices shall be incorporated into the desigh_bf battery conditioning modules to

accommodate the discharge of the battery at any SOC without causing any damage to the battery, including
the prevention of any battery cell voltage from exceeding uppet-0¥-lower voltage limits[4].

8.4.3 Preparation for transportation

Flight batteries are installed in the space vehiclesbefore transportation to a launch site,|otherwise
transporteld separately and then installed to the space one there.

8.4.4 SO(C level for transportation

The battery SOC shall be set at an appropriate level to minimize capacity degradation during trangportation.
Approximdtely less than 50 % SOC is+ecommended.

Individual|cell voltage can be verified to be within the criteria of cell-balanced voltage, if cgnnector is
available. (ell rebalancing is perfermed as required.

8.4.5 Coptainer for transportation

The batterly shall he~transported in a qualified shipping container that provides physical protgction. This
container 1s designed to prevent damage during handling, transportation, or storage. Containg¢rs contain

temperatu

e, humiidity, and shock indicators and or recorders.

Batteries

ranrafarahly maintainad hotwoan
T CreroT

ag handling,

< ot et ottty EC1r oo

transportation, and installation[4],

8.4.6 Ba

ttery testing (health checking after transportation)

Every GSE which is used for monitoring, charging and discharging of batteries is designed with a level of
safety features similar to a space vehicle.

Every equipment, software, and safety inhibit are checked out under maintenance performed before
connecting flight hardware.

A connector saver shall be used during all testing prior to battery installation on the vehicle to avoid
repeated connecting and disconnecting of flight connectors.
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The connector saver is confirmed to interface between flight battery connectors and cables of ground

support eq

8.4.7

uipment by mating test.

Inspection

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

The records for each flight battery are 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 is visually inspected for signs of handling damage or abuse.

The continuity and isolation of cells, connector pins, and wires is verified, as applicable.

The operat

8.4.8 Stz

The open
balanced r

At a minimjum, one standard capacity measurement is performed on the flightbattery, as feasiblg.

Pulse load
performed

The charge

All the dat
meets min

ion of all monitoring or control circuits is verified, as feasible.

Ite of health verification

Circuit voltage of every cell and/or cells pack is verified to be withinthé manufac
bquirements, as applicable. Cell rebalancing may be performed as required.

requirement for any mission is demonstrated. The capacity of-the test is identical to
in the acceptance test for flight or proto-flight battery.

retention rate following at least a seven-day stand period is verified to be within reqy

h are reviewed and trended with qualification or aceeptance test data to verify that p4g
mum BOL mission requirements.

8.4.9 Balttery storage at launch site

Batteries s
During sto
minimizes
monitoring
developme

8.4.10 Se

hall be placed in cold storage, wheneyer-practicable, at an appropriate SOC when not if

Fage and handling, voltage monitoring and periodic recharge, cell rebalancing, or recq
degradation. Battery maintenance procedures define appropriate maintenance
frequency, and appropriate-voltage, current, and temperature limits that were valida

nt and/or qualification tests.

f-discharge rate

The maximum allowed self-discharge rate for cells and batteries during storage shall be specifi

batteries e

khibiting excéssive self-discharge rates indicate degradation.

The maximum shelfvife limit (from cell activation to launch) is defined for the battery that ir

maximum

pxposure time to ambient temperature conditions.

Records dd

turer’s cell

a capacity

irement.

rformance

usel4],

nditioning
methods,
ted during

bd. Cells or

icludes the

cumenting the flighf accreditation status of batteries shall he maintained

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

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

Time-correlated records are 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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8.4.11 Protection under integration

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 is removed prior to launch.

8.4.12 Ha

ndling plate

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

8.4.13 Elgetrical conneetion

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

8.4.14 Electrical checkout

After vehi¢le installation, the flight battery shall go through electrical che¢kput to verify oj
electrical ¢harge and discharge path, nominal telemetry readings, and operation of cell balanc
heaters, and any inhibit circuits.

8.4.15 Ballttery monitoring

Battery voltage (and cell or module voltage where available),.current, and battery temperatu
monitored|after battery installation on the vehicle at a sufficient frequency and resolution to dete

level anom|
temperatu
prior to an

Battery m
safety requ

8.4.16 Balttery monitoring preceding launch

Battery vd

periodically after battery installatien on the vehicle up to the final terminal countdown.

These datad|

Pass/fail d

9 Missi

aly such as premature self-discharge. Pass/fail ¢riteria for battery SOC, battery/cell vj
Fe are derived from prior development and qualification testing specific to the design 4
H during the terminal countdown. These réqtGirements vary at different phases prior t

nitoring and handling are conducted in-a manner that complies with vehicle, facility,
irements.

Itage, cell voltage (whenJavailable), current, and battery temperature shall be

are evaluated to provide state-of-health verification of the electrical systems prior to

on4dn orbit and end of life

ed current

beration of
ing circuit,

re shall be
ctany cell-
pltage, and
nd applied
b launch.

and range

monitored

launch.

riteria is applied prior to and during the terminal countdown to abort the laynch when
malfunctigns occur injaunch-critical batteries.

According

to the Tequiremnent of 1ISO 24113 and subsidiary defined detail measure, asa part

of disposal

actions, space vehicles equipped with lithium-ion batteries are designed and shall be planned to be operated

as follows.

a)

orbit to ensure the battery condition. disposal execution before end of life.

b)
execut

ion of spacecraft.

As a minimum, but not limited to, the component cell-voltages and temperature(s) shall be monitored in

Assess the risk of producing debris caused by residual stored energy in the battery after disposal

Batteries shall be passivated by control the state of charge to mitigate accidental break-ups risk after

disposal execution of spacecraft. Discharge operation with electrical power consumption, self-discharge
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phenomena in battery cells, abandon charge operation after deep discharge by power consumption,
and/or vent plug on the cell container or battery case are all effective measures.

NOTE All the lithium-ion batteries do not vent to break-up in any circumstances under 30 % state of charge.
Some types of battery cell have higher SOC criteria of 50 %.

d) Atthe end of operations, battery charging shall not be possible.
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Annex A
(informative)

Parameter measurement tolerances

A.1 General

The overal

be within the tolerances in A.2.

A.2 Medsurement tolerances

a)
b)
<)
d)
e)
f)
g)
h)

These tolerances comprise the combined accuraty of the measuring instruments, the measureme
all other squrces of error in the test proceduret2l,

+5mV
1% f

+3 °C fpr temperature

+1 % f
+1 % f

+5 % yacuum pressure

+5 % dcceleration

+2 % f]

accuracy of controlled or measured values, relative to the specified or actual parame

ers, should

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

Dr current

br duration up to 1 h/+1 min for duration higher than 1 h

br dimension

Fequency vibration

nt use, and
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Annex B
(informative)

Example of cell qualification test

B.1 General

This annex describes the example of gualification test for the cell that intends to apply to the space vehicle
battery (Sde Figure B.1). The qualification program is adapted to cell design and size.
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