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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS — ROLLING STOCK -
BATTERIES FOR AUXILIARY POWER SUPPLY SYSTEMS -

Part 3: Lead acid batteries

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization’c
all natjonal electrotechnical committees (IEC National Committees). The object of IEC is to promote”int

co-op
in add

eration on all questions concerning standardization in the electrical and electronic fields/ o thi
tion to other activities, IEC publishes International Standards, Technical Specifications;Technical

Publidy Available Specifications (PAS) and Guides (hereafter referred to as “IEC{IRublication(s

prepa
may p

ation is entrusted to technical committees; any IEC National Committee interestéd,in the subject
Brticipate in this preparatory work. International, governmental and non-goverpmental organizatio

with the IEC also participate in this preparation. IEC collaborates closely with théAnternational Organ

Stand

The fdrmal decisions or agreements of IEC on technical matters express, assearly as possible, an int

conse
intere

hsus of opinion on the relevant subjects since each technical ¢ommittee has representatiol
bted IEC National Committees.

IEC Plublications have the form of recommendations for internatiorial use and are accepted by IEQ
Comnfittees in that sense. While all reasonable efforts are made\to ensure that the technical contg
Publidations is accurate, IEC cannot be held responsible for\the way in which they are used o

misint]

erpretation by any end user.

In order to promote international uniformity, IEC Natiopal’ Committees undertake to apply IEC Py
transparently to the maximum extent possible in their national and regional publications. Any divergency
any IHC Publication and the corresponding national or'regional publication shall be clearly indicated in

IEC it
asses
servic

All us

No lia
memb)
other
expen

elf does not provide any attestation of.conformity. Independent certification bodies provide g
Ement services and, in some areas, access to IEC marks of conformity. IEC is not responsib
bs carried out by independent certification bodies.

brs should ensure that they have the latest edition of this publication.

bility shall attach to IEC or its\directors, employees, servants or agents including individual ex
ers of its technical committees/and IEC National Committees for any personal injury, property d
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal
ses arising out of the.publication, use of, or reliance upon, this IEC Publication or any

Publications.

Attent
indisp
IEC d

on is drawn to the_.Normative references cited in this publication. Use of the referenced publi
Ensable for the.correct application of this publication.

raws atteption to the possibility that the implementation of this document may involve the U

patenf(s). IEC+takes no position concerning the evidence, validity or applicability of any claimed paten

respe
may b
the la

t thereof"As of the date of publication of this document, IEC had not received notice of (a) patent
e required to implement this document. However, implementers are cautioned that this may not

pmprising
Ernational
b end and
| Reports,
)’). Their
dealt with
hs liaising
zation for

brdization (ISO) in accordance with conditions determined by agreement-betWeen the two organigations.

Ernational
from all

National
nt of IEC
r for any

blications
b between
the latter.

onformity
e for any

perts and
amage or
fees) and
bther IEC

cations is

se of (a)
t rights in
(s), which
represent
c.ch. IEC

estiinformation, which may be obtained from the patent database available at https://patents.ig

shall r

+ boloala Hola—f. el 4l T Ia 4 i olod
ot O TITeTG TeSPoOnSToTe o 1aeuTymg—aty of—an St pateht T rgnts:

IEC 62973-3 has been prepared by IEC technical committee 9: Electrical equipment and
systems for railways. It is an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

9/3041/FDIS 9/3066/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62973 series, published under the general title Railway applications
— Rolling stock — Batteries for auxiliary power supply systems, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e recopfirmed,
e withdrawn, or

e reviged.

IMPORTANT — The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful forthe correct understtnding
of its ¢ontents. Users should therefore print this document.using a colour printer.
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RAILWAY APPLICATIONS — ROLLING STOCK -
BATTERIES FOR AUXILIARY POWER SUPPLY SYSTEMS -

Part 3: Lead acid batteries

1 Scope

This part of IEC 62973 establishes the framework for the electrical interfaces to the train, and
the sizirl]g (e.g., capacity, cell number, to meet the requested load profile) and operation of lead
acid bafteries of the VRLA type for auxiliary power supply systems on rolling stock of
and complements IEC 62973-1, unless otherwise specified.

This do
tests pr

The cite

pcedures and safety measures to be implemented.

applicable for their qualification.

In this d

and adalpted as needed to reflect the intended use of these batteries as auxiliary power
on rollinlg stock of railways.

The batfery-specific requirements for subcomponents of battery systems such as cor

charging controls, temperature probes, nameplates and similar are covered in this dg
as needed.
Charging systems are excluded from the scope of this document.

2 Normative references

The follq

constitu
For un
amend

fes requirements of this document. For dated references, only the edition cited
ated references, the latest edition of the referenced document (includ
ents) applies.

IEC 60896-24:2004, Stationary lead-acid batteries — Part 21: Valve regulated types —

of test

d normative references for lead acid batteries provide multiple requirements a

wing documents.are‘referred to in the text in such a way that some or all of their

railways

cument provides guidance and links to standards for the requiredibattery qualification

hd tests

ocument, the most appropriate clauses of these_¢ited standards have been selected

sources

tainers,
cument

content
applies.
ng any

Vethods

IEC 60896-22:2004, Stationary lead-acid batteries — Part 22: Valve regulated types -

Require

ments

IEC 61373:2010, Railway applications — Rolling stock equipment — Shock and vibration tests

IEC TS 61430, Secondary cells and batteries — Test methods for checking the performance of

devices

designed for reducing explosion hazards — Lead-acid starter batteries

IEC TR 61431:2020, Guidelines for the use of monitor systems for lead-acid traction batteries

IEC 62485-2:2010, Safety requirements for secondary batteries and battery installations —
Part 2: Stationary batteries


https://iecnorm.com/api/?name=e9ed67eb81bd5b8d3e33c3b4fcb5855b

-8 - IEC 62973-3:2024 © |EC 2024

IEC 62498-1:2010, Railway applications — Environmental conditions for equipment — Part 1:
Equipment on board rolling stock

IEC 62973-1:2018, Railway applications — Rolling stock— Batteries for auxiliary power supply
systems — Part 1: General requirements

ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the|purposes of this document, the terms and definitions in IEC 62973-1;2018, |[and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the fpllowing
addressies:

e |EC [Electropedia: available at http://www.electropedia.org/

e |SO|Online browsing platform: available at http://www.iso.afg/obp
NOTE Al typical battery related descriptions are defined in IEC 60050:482.

3.11
lead digoxide lead battery
lead acid battery

secondary battery with an aqueous electrolyte® based on dilute sulphuric acid, a [positive
electrode of lead dioxide and a negative electrode of lead

[SOURCE: IEC 60050-482:2004, 482-05-01, modified — Note has been deleted.]

3.1.2
battery|information system
data collection system to provide optional additional information and guidance for| battery
operatidn and maintenance

3.1.3
valve regulated lead acid battery
VRLA
seconddry battery in which cells are closed but have a valve which allows the escape pf gas if
the internal pressure exceeds a predetermined value

Note 1 to entry: The cell or battery cannot normally receive additions to the electrolyte.

[SOURCE: IEC 60050-482:2004, 482-05-15]

3.14

finite element analysis

FEA

numerical mathematical analysis method simulating the mechanical behaviour of an assembly

3.1.5

line replaceable unit

LRU

modular component of equipment designed to be replaced at an operating location whilst the
equipment remains in the operating environment
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3.1.6

state of charge

SOoC

<of a lead acid battery> level of charge in ampere hours of the battery relative to its rated
capacity in ampere hours and expressed in percentage points

Note 1 to entry: A term interrelated with SOC, is the term depth of discharge (DOD), i.e., the level of discharge in
ampere hours of the battery system when related to the same rated capacity in ampere hours and expressed in
percentage points and where, by convention, 0 % DOD equals to 100 % SOC and 100 % DOD equals to 0 % SOC.

Note 2 to entry: The real capacity of the battery may be different from the rated, i.e., declared capacity.

3.1.7

rated capaeity
Cn
<of a lelad-acid battery of VRLA type> capacity value of a battery system determined under
specified conditions as per IEC 60896-21 and IEC 60896-22, and declared-by the| battery
manufagturer

3.1.8
battery|system
battery
system that includes battery tray(s), battery crate(s), monobloc(s) €lectrical components and/or
equipment and associated electromechanical components and\connections

3.2 Abbreviated terms

AC Alternating Current
AGM Absorbent Glass Mat
DC Direct Current

Ug Rated battery voltage
Ut Test voltage

4 General requirements

4.1 Definitions of components of a battery system

The main components of a lead acid battery and their interdependence are shown in Fjgure 1.
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Monobloc / LRU Single cells / no LRU
P>
Nk |
|
“"YLRU
L —
S—- P
Ve
N Battery box / no LRU
<&
IEC
Figure 1 —-Definition of single cells, monobloc, crate, tray and battery box
Some batteries-may not include all of the above components, e.g., single cells may be installed
in a tray] without crates. The designation LRU denotes its status of a line replaceable uhit.

4.2 Description of lead acid battery types
4.2.1 General

A lead acid battery consists of an assembly of single cells or multiple-cell monoblocs. Each cell
contains stacks of several positive and negative plates that are separated by a separator,
immersed in electrolyte and connected through plate straps to the positive and negative
terminals. These extend to the outside of the cell or monobloc housing and serve as
interconnection points.

In the fully charged state the active material of the negative plate consists of lead and the active
material of the positive plate consists of lead dioxide.

In a discharged state the active material in both the positive and negative plates contain variable
amounts of the discharge reaction product, i.e., lead sulphate (PbSOy,).
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The electrolyte is dilute sulphuric acid (typically 40 % in weight), the density or concentration
of which depends on the specific cell design and state of charge.

As the electrolyte participates in the electro-chemical reactions, its density and concentration
are reduced during discharge in proportion of the ampere hours discharged.

4.2.2 Lead acid batteries with valve-regulated cell design and immobilized electrolyte

In the valve-regulated cell design the electrolyte is immobilized with a gelling agent (fumed SiO,)

or with an AGM. This induces voids in the volume occupied by the electrolyte facilitating fast
gas transport and oxygen recombination.

The follpwing cell types are in use on rolling stock.

Cell type a) built with either grid-type negative and positive plates or with grid-type mpegative
plates and tubular-type positive plates. The electrolyte is present in the form ofa stiff gel.

Cell type b) built with grid-type negative and positive plates and with~a limited amount of
electrolyte immobilized in an AGM.

An oxyden recombination reaction is operative in such cells andsmonoblocs reducing [gassing
and ele¢trolyte water loss.

The cells do not allow or require electrolyte level maintehance and can be operated in|vertical
and hor{zontal position.

4.3 Environmental conditions

The system integrator or end user shall spegify the ambient air temperature range in which the
battery is to be operated so that the most.appropriate cell and monobloc design can be provided
by the battery manufacturer.

IEC 62498-1:2010 lists in Tablex2the appropriate inside vehicle compartment temperature
ranges identified as class T1 to~TX.

Lead adid batteries can.operate with proper safeguards in the temperature range from -25 °C
to +55 °(C.

Operation outside this range impair service performance and life.

High baftery~temperatures accelerate battery ageing.

Low battery temperatures reduce actual available battery capacity.

It is recommended that not only the temperature level itself but also the cumulated duration at
a given temperature level shall be taken into consideration when battery life is to be anticipated.

Further environmental conditions to be taken in consideration are:

— Humidity: according to IEC 62498-1:2010
— Shock and vibration: according to IEC 61373:2010
— Altitude: according to IEC 62498-1:2010

Deviations may be agreed between end user and/or system integrator and cell/battery
manufacturer.
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4.4 System requirements

4.41

System voltage

The low voltage supply network has to allow operation of the connected equipment within the
minimum and maximum limits of the voltage range according to Table 1 of IEC 62973-1:2018.

The operation of the battery as power source shall occur within the agreed voltage limits
resulting from the resolved requirements of the battery manufacturer, system integrator and end

user.

The voltage during discharge of the battery system varies with elapsed time and current levels.

The act

influenc

voltage

To avoig

or polar

taken in

The typ

discharg

2,2

2,1

1,9

1,8

Discharged voltage (V)

1,7

1,6

1,5

Jai bC“ dcbiyll, btatc Uf b;lalyﬂ (SOC), dgC;lly, dlld dIIIIU;CIIt tUIII}JUIdtUIU au'
e this voltage. A discharge is terminated when a defined minimum battery

itionally
system

is reached as per Table 1 of IEC 62973-1:2018, taking into considerationfor ¢xample
the voltage drop in connection cables.

| excessive withdraw of capacity from the battery system and prevent'a deep di

ty reversal of one or more cells in the battery system, the lower)voltage limit h

to consideration for the battery sizing.

cal evolution of cell voltage during a discharge is shown\ih Figure 2 as functio

e current expressed in multiples of the rated 5 h current or /5.

515 L 3]5
4]5

10 20 30 40 50 60 70 80 90 100
Percentage of Cg discharged capacity (%)

scharge
s to be

n of the

110

IEC

Figure 2 — Example of the evolution of the voltage of a VRLA cell when discharged with
multiples of the 5 h rated current versus percentage of the 5 h rated capacity

The evolution of charge current and charge voltage, during a constant-current-constant-voltage
(IU or CCCV) charge of a lead acid battery is shown in Figure 3.
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Charge current

]
1
r
]
1
]
H
1
E
1
H
t
1

Charge time

a) Example of charge current curve

Charge voltage

B el REEE SR
'

Charge time
IEC IEC

b) Example of charge voltage curve

4.4.2 Charging requirements

Figure 3 — Examples of current and voltage evolution during charge

The prgper battery charging conditions are specified by the battery manufacturer apd shall
follow Tlable 1. Table 2 provides some typical charging parameters to|be considered for the

battery system.

Table 1 — Requirements for battery system charge operations

Activity

Requirement

Float chgrge mode operation

A regulated constant-current-constant-voltage charge with the
capability of float voltage compensation according to the battefy
system temperaturé shall be used

Boost chiprge mode operation (if
applicable)

A regulated comstant-current-constant-voltage charge with:

a) the capabhility of boost voltage compensation according to the
battery,temperature;

b) a.boost charge activation trigger algorithm;
c) 4 boost charge duration limiter;

shall be used

Charge Joltage control

The actual float and boost voltage shall not deviate, in the congtant
voltage phase, by more than 1 % from the set value

Battery Voltage monitoring

The voltage shall be measured with the voltage sensing leads placed
as close as possible to the positive and negative terminals of the
battery system

Charge durrent control

The actual charge current shall not deviate, in the constant cufrent
phase, by more than 1 % from the set value

Charge qurrent ripple mitigation

The AC ripple level of the charge current shall not exceed the yalues
recommended in IEC 62485-2:2010, Table 2

In no case shall the current ripple induce a discharge of the battery

Temperature compensation

The temperature related correction factors of the float and boost
charge voltage shall be provided by the battery manufacturer and in
the format of Figure 4 and Figure 5 and Table 3 and Table 4

The correction factors shall be implemented in the charge control logic

Temperature monitoring

The actual temperature of the cells and monoblocs shall be determined
with an appropriate sensor placed, with preference, directly on the
hottest cell or monobloc of the battery system

Data loss default action

In case of a loss of battery voltage information, the charge of the
battery system shall be stopped

The above numerical values are of informative value only. Limit values are as indicated or as specified by the
agreement between the battery manufacturer, system integrator and end user.
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Table 2 — Typical lead acid battery charge parameters

Float charge conditions

Float voltage 2,15 V/cell to 2,30 V/cell at 25 °C for unlimited duration and corrected for battery
temperature
Temperature correction factor -0,003 V/K/cell to -0,005 V/K/cell
Boost charge conditions
Boost voltage 2,30 V/cell to 2,45 V/cell at 25 °C and corrected for battery temperature
Boost charge duration not to exceed 8 h
Temperature correction factor -0,003 V/K/cell to -0,005 V/K/cell
Charging current 2 I; maximum
The aboje numerical values are of informative value only. The battery manufacturer specifies valuesyapglicable
to the b3ttery in consideration.
The purpose of the temperature compensation of the float or boost voltage is to adjust the
amount [of charge current flowing through the battery when the ambientytemperature increases
or decrdases.
This adjustment prevents not only battery overheating and exeessive electrolyte watef loss at
high temperatures, but also assures the achievement of fastef full charge at low tempgratures.
The cell or monobloc manufacturer shall provide thelappropriate reference values|for this
compenpgation at cell/monobloc level (slope).
The batiery system manufacturer shall define the‘optimized number of cells/monoblocg to best
fit the Vjoltage limits at train level as specified“in Table 1 of IEC 62973-1:2018 as shown in
Figure 4 and Table 3, based on the actual battery system design .
Charging permanently with a voltage-above or below the cell or monobloc manufacturer
specified limits cause accelerated ageing and a premature loss of capacity. A periodig charge
under bpost charge conditions may be recommended by the battery manufacturer to agsure an
equalisgtion of the individual cetvoltages.
The baftery system manufacturer shall also provide the value of the maximum]| battery
temperdture above which all charge has to be terminated/inhibited.
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Float charge voltage

U,at25°C
Float charge

Battery temperature

IEC

Figure 4 — Temperature versus voltage response graph for’float charge operation

Table 3 — Voltage and temperature reference levels for float charge operatign

Refererjce Uin T in °C of Slope of voltage compensation per K in 0,00X V/K deviatipn from
point Vicell the battery the 25 °C reference temperature
1 U, T,
2 U, T, (25 °C) To be pro¥ided by the cell or monobloc manufacturer
3 U, T,
T, and 7], are the result of set point (25 °C) and slope.

3

The tenperature monitoringiin Table 3 shall be according to Table 1.

A boost| charge is carried out so as to speed up the full recharge of the battery or ¢qualize

divergingg cell capacities and voltages. As the boost voltage is significantly higher than

he float

voltage,[the danger of a resulting thermal runaway increases and a correction of the voJtage as
function| of battery temperature becomes even more imperative.

The cell ar monobloc manufacturer shall provide the appropriate reference values|for this

compensation at cell/monobloc level (slope).

The battery system manufacturer shall define the optimized number of cells/monoblocs to best
fit the voltage limits at train level as specified in Table 1 of IEC 62973-1:2018 as shown in
Figure 5 and Table 4, based on the actual battery design.

The battery manufacturer shall specify under which conditions a boost charge shall be initiated

and terminated.
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Figufre 5 — Temperature versus voltage response graph for boost charge operation

Table 4 — Voltage and temperature reference:levels for boost charge operatipn

Reference Uin T in °C of Slope of voltage Conditions Minimum ipterval
point Vicell the battery compensation.per K in specified for between twp boost
0,00Y V/K deviation from initiating and charges as
the 25 °C reference terminating a boost | specified iT. hours
temperature charge or events
4 U, T,
. To be provided by To be provided by
5 Us T5(25 °C) To,be provided by the cell | battery system the battery gystem
or monobloc manufacturer
manufacturer manufacturer

6 Us Ty

T, and T are the result of sét point (25 °C) and slope.

The tenperature-monitoring in Table 4 shall be according to Table 1.

4.4.3 Discharging performances

4.4.3.1 General

The discharge requirement of the specified load profile(s) shall be met.

4.4.3.2 Load profile

The load profile reflects the actual current and/or power and/or resistive loads versus time
requirement of the auxiliary battery in rolling stock application. The load profile shall be
associated with an operating temperature range (maximum and minimum temperatures as
specified by the system integrator or end user, as per 4.4.5 of IEC 62973-1:2018) and system
voltage limits. Typical load profiles are shown in [IEC 62973-1:2018 as examples only.

Such a load profile may incorporate requirements for extended discharge durations and low or
high temperature performance and others such as fulfillment level over service life.


https://iecnorm.com/api/?name=e9ed67eb81bd5b8d3e33c3b4fcb5855b

IEC 62973-3:2024 © |EC 2024 - 17 -

The system integrator or end user shall provide these load profiles and associated con

4.4.4 Charge retention(self-discharge)

ditions.

Batteries lose capacity when stored in open circuit. This loss is quantified under normalized

conditions with the pertinent test clause in IEC 60896-21:2004.

The battery manufacturer shall provide guidance for the maximum possible duration of

storage

in open circuit before a recharge, as specified for such a task, becomes necessary. The

influence of storage temperature shall be provided by the battery manufacturer.

4.4.5 Requirements for battery sizing

The seIeLction of the battery, capable of meeting the energy demands as auxiliary powe
on rollinlg stock, i.e., its sizing shall be carried out by the battery system manufacturer.

The required parameters for sizing are listed in Table 5 and shall be praoyvided by the|
integratpr or end user.

Taple 5 — Input parameters required for the sizing of the battery to be provid
by the system integrator or end user

rsource

system

ed

Required parameters Information’format

Load prdfile(s) Load expressed in A or W or Q overtime or combinations thereof

Relevant ambient air temperature range i.e., minimum and maximum ba

Ambient air temperature system ambient temperature

ttery

Relevant voltage range according to the planned or present auxiliary po

supply system of the rolling stock
Operating voltage window
Possible voltage drops in connections and cables to and from the battef

not be overlooked

wer

ly shall

Required cycle capability Total number of discharges to be achieved with the most demanding logd profile
Required service life in Service jife"in months based on required cycle capability and specified air
calendarmonths temperatures

Load expressed in A or W or Q over time or combinations thereof
Extended discharge event
Number of events per year

Performgnce margins for future | List of potential future performance level(s) amendments
loads

User-spgcific demands; Any additional information and specifications
condition]s or constraints

All ancillary
complet

D
Q
(2]
T Q
o
(7]

At an appropriate stage of the battery sizing process, the battery manufacturer shall
feedback to the system integrator and/or end user on the actual sized battery by provid
as per Table 6.

and as

provide
ing data
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Table 6 — Output parameters provided at the conclusion of the sizing
of the battery to be provided by the battery system manufacturer

Required parameters

Information format

Voltage versus time curves or similar curves of the battery when a discharge

maximum battery system ambient temperatures

Load profile(s) with the load profile(s) is carried out at the upper and lower temperature limits of
the specified air temperature range
Ambient air temperature Confirmation of operability of the battery system within the minimum and

Maximum and minimum voltage of the battery under the selected load profile and

operating temperature conditions

Float voltage value at 25 °C

Operatin

j voltage Window

l'emperature correction tactor as per lable 5 and Figure 4

Boost voltage value at 25 °C
Temperature correction factor and operating conditions as per Table 4 a
Figure 5

hd

Required

cycle capability

Number of achievable discharges with a specified load prafile€ when ope
25°C

Cycle capability derating when operated at the upper air temperature lim

ated at

it

Required
calendar

service life in
months

Achievable service life in months when operated at 25 °C with a specifie
profile

Service life derating when operated permanently at the upper air temper
limit

d load

hture

Achievable extended discharge duration, in minutes at 25 °C, when the

attery is

Extended discharge event continued to be discharged, at thé.end of a regular load profile discharg¢, with
9 the specified power or current orvesistive load of the specified extended-
duration load profile

Performgnce margins for Spare performance available under specified conditions

future loads

User-spgcific demands, Information as applicable

conditior]s or constraints
4.5 Spafety and protection reguirements
4.5.1 General
The batfery crates, trays‘and boxes and connection hardware shall be stable against thie action
of chenlicals such as. traces of battery electrolyte, hydraulic fluids, salt solutions and|similar.
IEC 62498-1:2010~ provides further guidance for the environmental conditions| to be
encounfered in railway applications.
The chgice,'of the materials shall assure that no degradation of load-carrying or ellectrical
isolation ptoperties occur.

See also 6.4 for ventilation of battery system box and vent plugs with flame barriers.

The proper qualification test shall be defined by mutual agreement between the battery
manufacturer, system integrator and/or end user.

4.5.2

Deep discharge of batteries

Lead acid batteries may experience deep discharge conditions in service on rolling stock when
an excessive amount of capacity is withdrawn or a specific low voltage is reached during a
discharge.
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The battery manufacturer shall specify when a deep discharge occurred either in terms of:

a) of ampere-hours discharged in discharge events between two charges and referred to the
rated capacity;

b) when the voltage on discharge falls below a defined limit for a significant period of time.

The battery manufacturer shall specify the proper charging conditions and eventual additional

maintenance operations required to counteract and mitigate negative effects of such deep
discharges.

The battery manufacturer shall also, if feasible, adapt the cell design in such a way that a
permanent damage due to deep discharges can be prevented.

An extepded discharge is a discharge with a duration, for example, significantly longéer|than
20 h. If such a discharge is happening and has been authorized according to Table' 6 Qy the
battery manufacturer, then no negative effects are to be encountered.

In case pof discharge beyond the “authorized” discharge as part of the load profile, a low
current and long duration boost charge as specified by the battery manufacturer should be
carried put for recharging.

4.5.3 Temperature compensation during charging

The mopitoring of the temperature of the battery is essential and shall provide the appropriate
input for the temperature-related adjustment of the float or boost charge voltage. It shall also
detect gnd prevent thermal runaway conditions of the\cells or monoblocs.

The temperature probe shall be in corrosion resistant material and securely affixed to g cell or
monoblgc in the potentially hottest part of the\battery.

The serjsing part of a thermostat or cut-off switch, if planned, shall be installed at the same
location

The numerical values of compefisation are to be provided by the cell or monobloc manufacturer.

In the c@se of failure of thestemperature sensor, the battery charge voltage shall be sét to the
battery manufacturer specified default value and inhibit uncontrolled battery charge.

4.6 Fjre protection

The firg protection requirements, which can include performance criteria as per |burning
classifidation;’smoke generation and toxicity limits shall be specified by the end user o1 system
integratpraccording to standard(s) applicable to the country or region of the intended use of
the battery. All components within the battery system shall fullfill the requirements as specified.

The supplier of the battery crate or battery box shall be responsible for certifying the required
fire protection level if not otherwise agreed upon.

4.7 Maintenance

The battery manufacturer shall provide instructions for battery commissioning, preventive and
corrective maintenance. The frequency of maintenance shall follow the requirements of the
battery manufacturer and adapted, as needed, to the practices of end user.

4.8 Charging characteristics

Charging characteristics are to be selected in a way to ensure an appropriate charge level under
all operating conditions.
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5 Optional components of a battery system

5.1 General

Additional components may be added to the battery system to provide information on the state
of the battery, enhance its performance or to add safeguards.

5.2 Battery information system

A lead acid battery information system (BIS) can be installed as an option, but is not required
or necessary for the operation of the battery. This is an accessory system and should be
qualified separately. Guidance for battery parameters to be monitored and resulting actions can

be foungforexampte M IEC TR 6143172020

5.3 Bpattery heater

In applitations where the ambient air temperature is below 0 °C for significant periods of the
year, it may be convenient to install heating pads or other equivalent devices.

Such he¢ating pads can assure a more appropriate cell temperature’ resulting in increased
battery gcapacity and charge acceptance. This avoids the need of oversizing of the battery just
for the Ipw temperature periods of the year.

If heating pads or similar devices are used, then their satisfactory action shall be vefified by
confirming that the steady state temperature differencewithin the battery or batteries in series
is less than 3 K, while discharging and charging with\the specified load profile at the lowest
planned operating temperature.

The cellfor monobloc manufacturer shall provide’'guidance for their proper selection, installation
and ultjmate integration into the charge™ voltage management to the battery |system
manufagturer.

5.4 Thermostat or cut-off switeh

The batfery system for auxiliary~power supply on rolling stock has to provide essential power to
protect persons and equipment.

The avdilability of emergency power from the battery shall not be impaired by the fact|that the
battery femperaturesistexceeding its maximum operating level.

Any us€| of thermiostats or cut-off switches in such a system shall be assessed against the need
to assure uninterrupted power for the rolling stock.

In case of a single device, it should be located as close as possible to the temperature sensor
in the battery system and its action shall not cause the ignition of hydrogen gas in its vicinity.

High battery temperatures in lead acid batteries not only cause an acceleration of ageing, a
reduction of time to failure, but also an increase generation of hydrogen. These conditions are
to be taken in consideration in battery sizing and battery ventilation calculation according to
IEC 62485-2:2010.
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6 Mechanical design of battery system

6.1 G

eneral

The finalized layout of the battery system is a compromise between required levels of cycling
operation, accessibility and availability of space and requires coordination between all parties.
Cells or monoblocs can be installed vertically or horizontally. Figure 6 shows the examples of
convenient horizontal installations of VRLA cells and monoblocs.

m

6.2

I

The con
batterie

6.3 S

The bat
also 10.

6.4 V|

All battd
circuit.
volumesg

terface mechanism

figurations specified in IEC 62973-1:20418@ are also used for installations of Ig

D .

hock and vibration

ery shall be able to withstand shock and vibration as specified in IEC 61373:20
P.5.

entilation of battery box

ries with aqueagus-electrolyte generate hydrogen when charged, discharged or
Hydrogen is ‘released from the cell and/or monobloc to the surrounding eq
via the vent-plug.

Equippi

the ignit|ion of the hydrogen-oxygen mixture in the interior of the cells.

ng alt-vent plugs with flame barriers qualified according to IEC TS 61430 shall

igure 6 — Examples of horizontal installation of.VRLA cells and monoblocs

ad acid

10. See

bn open
uipment

prevent

Hydrogen released from the cells and monoblocs into the surrounding volume shall be properly
diluted by natural ventilation only, so to prevent local hydrogen concentrations from exceeding
4 % in volume.

Due to their intrinsic design features, the resulting ventilation requirement against explosion

hazards

shall be met, as defined in Clause 7 and Annex B of IEC 62485-2:2010.

The calculation of the ventilation requirements should always use the conditions specified under
boost charge. This can enhance heat removal from the cells and monoblocs if they are installed

in a con

fined location.

Heat removal under boost charge condition shall be verified by the battery system manufacturer.
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7.1

General

— 22 —

Typical electrical interfaces are shown in Figure 7.
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Batterly terminal (cell or monobloc)

Tray terminal

Main ferminal (complete battery system)

Shore|supply connector (also possibly mounted directly on a tray)

If applicable

Preferfable installed close to a cell'ar/monobloc to achieve low thermal lag

F

External electrical connections interface

[t externahélectrical connection designs may be used depending on the lead acid
tion and requirements of the system integrator or end user. General guid
pd in IEC 62973-1:2018.

IEC

gure 7 — Typical schematic view of an electrical interface of a battery system

battery
ance is

Markings

Safety signs
A Outside the box

The safety signs as outlined in IEC 62973-1:2018 shall be applied.

8.1

.2 Tray, crate or other places inside the box

The safety signs as outlined in IEC 62973-1:2018 shall be applied.
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8.1.3 Cells and monoblocs

The marking of cells and monoblocs shall comply with 6.6 of IEC 60896-21:2004 and 6.6 of
IEC 60896-22:2004, but restricted to the polarity sign at the positive terminal, manufacturer
name, type designation, date of manufacture in mm.yyyy format. A label or marking showing
intercell screw tightening torque and a unique serial number of the cell or monobloc may be
added as appropriate.

In order to ensure environmentally friendly material recycling, the requirements of
IEC 60896-22:2004, 6.7 are to be observed for the cells and monoblocs.

8.2 Nameplate

8.2.1 Battery box
The nameplate of the box shall include the following information:

— serigl number;
— partnumber;

— weight including the box housing and fastening device (e.g., frame’attached to thg battery
box);

— revigion level (if applicable);
— namg of the battery manufacturer;

— battery-chemistry designation (lead acid).

Upon agreement between the end user and manufaecturer, other information such as phominal
voltage pnd rated capacity can be added.

NOTE A|“nameplate” (IEC 60050-151:2001, 151-16-12) is also known as “rating plate” or “identification label”.
8.2.2 Nameplates on tray, crate or-other nameplates inside the box

The nameplate on each tray and crate, shall replicate the content of the nameplatg on the
battery box as per 8.2.1. In casg of multiple trays and crates in the same battery box, they shall
carry a|sequential numbering of 1 through » with their installation sequence reported in the
battery pperation or maintenance manual.

9 Storage and transportation conditions

9.1 Transportation

The trarjsport of lead acid batteries of the VRLA type is governed by their UN 2800 hazard class
identific%%%W . j -

9.2 Storage

Batteries shall be stored fully charged, at as low as possible temperature, non-condensing
humidity conditions and not exposed to direct sunlight.

In order to maintain their performance, batteries shall be recharged in regular intervals
according to the specifications of the battery system manufacturer, including its temperature
dependency.
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10 Testing

10.1 General

The certification of the VRLA cells and monoblocs and batteries thereof shall be carried with
the cell, monobloc and battery defined by the battery manufacturer to meet the requirements
laid down by the system integrator or end user as per Table 5.

Starting the tests from the beginning is not always possible due to constraints given by the
response time to an inquiry, timely access to test facilities and other reasons.

The qualification of the selected cell. monobloc and battery system may be achievable with
proxy test results obtained with identical test methods and conditions on cells, monabliocs and
battery |[systems of identical design. The cell or monobloc manufacturer or battery| system
manufagturer shall certify with the document as described in Annex A that the@eH, monobloc
and batfery system to be qualified is equivalent and represented by the cell; monohloc and
battery system used in the proxy qualification test. This does not apply to routine tests

The tes{ classes are:

— Type tests on one or more items representative of the produgtion;

— Routine tests on each individual item during or after manufacture.
10.2 Tpype test
10.2.1 | General

The tes{s shall be carried out with an assembly_ofithe exact cells or monoblocs selected for the
project and demonstrate compliance with all the conditions specified by the test spedification
documepnts.

Annex A provides the possibility to déclare the equivalency of a substitute test unit. Other
particular tests, as pertinent, shall be agreed upon between the battery manufacturer | system
integratpr and end user.

10.2.2 | Tests for cells and.monoblocs

The apgropriate standards for qualifying the valve regulated lead acid cells and monoblocs for
duty on rolling stock 6f railways are IEC 60896-21:2004 (for test specifications) and IEQ 60896-
22:2004 (for the appropriate application-related requirements).

The tesis outlined in Table 7 shall be carried out by the battery system manufacturer pr third-

party labocatories. Both entities shall have accreditation according to ISO/IEC 17025. This may
be substituted hy an-site witnpcqing of a certification company
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Table 7 — Type tests for cells and monoblocs

Test item

Subclause number

Requirement

Discharge capacity

6.11 of IEC 60896-21:2004

The capacity at the 3 h rate to 1,70 V/cell shall

be C,295% C,

Impact of low temperature
service on capacity

6.19 of IEC 60896-21:2004

The abusive low temperature service ca
C, s shall be 2 0,95 with no mechanical

damages

pacity

Float service with daily
discharges

6.13 of IEC 60896-21:2004

The number of cycles shall by = 300

Achieve at least 1 week below 60 °C at
2.45 V/cell and at least 24 h below 60 °C at
2,60 V/cell

Thermal runaway sensitivity 6.18 of IEC 60896-21:2004

The charge retaining factor shallibe|€ B 70 %

6.12 of IEC 60896-21:2004 | ¢ - "(3 1 rate)

Charge fetention test

Service |ife at an operating

temperafure of 40 °C 6.15 of IEC 60896-21:2004

The service life shall be/z 500 days

The unbalanced string,over-discharge gapacity
factor shall be C, 42 0,80 and the cyclic over-

discharge capaeity factor shall be C_ . # 0,90

Impact df abusive over-

. 6.17 of IEC 60896-21:2004
discharge

No evidenée of rapid combustion or exglosion
beyond the valve/barrier assemblies shall be
found

Protection against internal
ignition from external spark
sources

6.4 of IEC 60896-21:2004

For thermal runaway testing, the cells or monoblocs shall be arranged in a way to represent the layouit of the
battery gystem in the rolling stock.

The cells and monoblocs in the test shall be exactly or as(elose as possible to that in the battery system on the
rolling sfock (see Annex A).

10.2.3 | Dielectric test

The details of the test and the reguirement are specified in Annex B.

10.2.4 | Load profile test

The test shall be carried‘\out with an assembly of the exact cells or monoblocs (representative
of the battery system)-selected for the project and demonstrate compliance with| all the
conditions specified by the load test specification document as per Annex C. When robust
numerical simufation methods exist, then such a test can be replaced with a ndimerical
simulatipn by.thécell or monobloc manufacturer and battery system manufacturer.

10.2.5 | Shock and vibration test

The shock and vibration test shall be carried out on fully charged cells or monoblocs according
to IEC 61373:2010 for category 1 class B body mounted items.

By agreement between the battery manufacturer, system integrator and end user, the shock
and vibration test of trays and boxes can be replaced by a numerical simulation, e.g., with a
finite element analysis (FEA).

The shock and vibration test of cells and monoblocs shall not be replaced by numerical
simulation as no adequate structural models, replicating the behavior of cells and monoblocs
exist. The battery system manufacturer can suggest appropriate type test samples with
adequate technical justifications.
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At the conclusion of the shock and vibration test the tested cells and monoblocs shall, after a
full recharge, be capable to deliver at least 50 % of their rated 3 h capacity at 25 °C or as

agreed

between the battery manufacturer, system integrator and end user.

10.3 Routine test

10.3.1

General

The test is performed in order to verify the quality of a batch of delivered lead acid batteries.

The batch acceptance shall be based on a capacity test at the 3 h rate specified in 6.11 of
IEC 60896-21:2004 and 6.11 of IEC 60896-22:2004, or as specified by the end user or system

integrat

The number of samples and their frequency of test shall be agreed between the hattery

manufa

10.3.2

The prelsence of relevant features and items, such as battery layout] ancillary comy
markingis and similar shall be verified according to the agreed drawing(s).

10.3.3

This tesft shall be carried out by the battery manufacturer\before the shipment of the ¢
monoblgcs assembled in a crate, tray or battery box.

The det

10.3.4

The homogeneity of the individual cell. @nd/or monobloc voltages in the battery system

verified
charge

Cells and monoblocs in a battéry system shall be delivered only if the open circuit va
each unfit is:

a) within a specifiedtand agreed range;

b) whep no indjvidual voltage value deviates more than 0,5 % from the mathematical
of the voltage-values of the concerned batch.

The respldtion of the voltage measurement shall be not less than 10 mV.

UT .

tturer, system integrator or end user.

Visual checks

Dielectric test

hils of the test and the requirement are.specified in Annex B.

Cell and monobloc voltages

by measuring their voltages.not earlier than 48 h after the completion of the
bf the units and with the units in a thermally equilibrated state.

system

onents,

ells and

shall be
last full

Itage of

hverage
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