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INTERNATIONAL ELECTROTECHNICAL COMMISSION

AIRCRAFT BATTERIES -
Part 1: General test requirements and performance levels

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60952-1 has been prepared by IEC technical committee 21:
Secondary cells and batteries.

This third edition cancels and replaces the second edition published in 2004. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition: additional test requirements to meet the needs of the regulatory airworthiness
authorities for both product performance and qualification.

The text of this standard is based on the following documents:

FDIS Report on voting
21/803/FDIS 21/814/RVD

Full information on the voting for the approval of this standard can be found in thﬁreport on
voting indicated in the above table. ocuments
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts in the IEC 60952 series, published under the general title Aircraft batteries
can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until the
stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data related to
the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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INTRODUCTION

The IEC 60952 series defines minimum environmental and performance requirements for
establishing a qualification standard for airworthiness of lead-acid and nickel-cadmium aircraft
batteries, which contain corrosive electrolytes.

The series defines test procedures for determining battery performance. The electrical test
results may be used to establish airworthiness in a particular application. For all tests, the
manufacturer declares the minimum performance for each battery type.

The requirements of IEC 60952 for aircraft batteries are divided into three parts:
— Part 1 defines test procedures for the evaluation, comparison and qualification of batteries
and states minimum environmental performance levels for airworthiness.

— Part 2 defines the design requirements for aircraft batteries as well as their format (shape
and size) and the range of aircraft interface connectors that are used.

— Part 3 defines the product specification which is used to define specific requirements for an
application and a declaration of design and performance (DDP), which details the
performance of a battery format when tested to Part 1.

Documents
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AIRCRAFT BATTERIES -

Part 1: General test requirements and performance levels

1 Scope

This part of the IEC 60952 series defines test procedures for the evaluation, comparison and
qualification of batteries and states minimum performance and environmental levels for
airworthiness. Where specific tests are defined with no pass/fail requirement (to establish
performance capability), the manufacturer’s declared values, from qualification testing, will be
used to establish minimum requirements for ongoing maintenance of approval for that design
of battery.

To provide representative examples, this standard utilises voltage and current values based
upon an aircraft electrical system nominally rated at 28 V d.c. Additionally, the nominal values
for cell voltage are assumed to be 1,2 V per cell for nickel-cadmium batteries and 2,0 V per cell
for lead-acid batteries.

The specific topics addressed in this part of IEC 60952 serve to establish acceptable quality
standards required to qualify a battery as airworthy.

In cases where the requirements for a specific application exceed those detailed in this
standard, the purchaser will detail said requirements in the product specification and the
method of establishing compliance.

It is recognised that additional data may be required by other organisations (national standards
bodies, AECMA, SAE etc.). The present standard can be used as a framework to devise tests
for generation of the required data.

2 Normative references

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

IEC 60051-1, Direct acting indicating analogue electrical measuring instruments and their
accessories — Part 1: Definitions and general requirements common to all parts

IEC 60051-2, Direct acting indicating analogue electrical measuring instruments and their
accessories — Part 2: Special requirements for ammeters and voltmeters

IEC 60485, Digital electronic d.c. voltmeters and d.c. electronic analogue-to-digital convertors
IEC 60952-2:2013, Aircraft batteries — Part 2: Design and construction requirements

IEC 60952-3:2013, Aircraft batteries — Part 3: Product specification and declaration of design
and performance (DDP)2

1 Withdrawn.
2 The first edition (1993) was published under the title Aircraft batteries — Part 3: External electric C‘DQ@’umentS
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ISO 2859 (all parts), Sampling procedures for inspection by attributes
ISO 7137, Aircraft — Environmental conditions and test procedures for airborne equipment
RTCA DO-160:2010, Environmental Conditions and Test Procedures for Airborne Equipment

U.S. Federal Test Method, Standard No. 191A / Federal Test Method 5906: 1978, Flammability
(Horizontal Test)

SAE AIR 1377A-80, Aerospace Information Report — Fire Test Equipment for Flexible Hose and
Tube Assemblies

SAE AS 1055B:1978, Aerospace Standard — Fire Testing of Flexible Hose, Tube Assemblies,
Coils, Fittings and Similar System Components

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

3.1

current value

value of current in ampere (A) used to charge and discharge cells and batteries, expressed as
a multiple of the capacity

EXAMPLE For example, a current of 20 A used to charge a cell with a rated capacity C (Ah) of 100 Ah would be
expressed as C/50r 0,2 C (A).

Note 1 to entry: |EC 61434 is equally applicable to both nickel-cadmium and lead-acid and therefore the reference
current (/) can be expressed as

(I)A = C,Ah/1 h

where C, is the rated capacity declared by the manufacturer in ampere hours and n is the timebase in hours for
which the rated capacity is declared.

3.2
11, rate
current which the battery delivers to give not less than its rated C4 capacityin 1 h

Note 1 to entry: This is the basis on which all other current ratings are defined.

3.3

rated capacity

Cy

minimum capacity, obtained from a charged battery when discharged at the 1 /, rate to the end
point voltage (see 3.6)

Note 1 to entry: Rated capacity is expressed in Ah.

3.4
constant voltage current

, r
cﬁscharge current, which the battery delivers at the conclusion of a 15 s power discharge,
controlled so as to maintain a constant terminal voltage of half the nominal voltage

3.5
charged battery
battery that has been fully charged in accordance with the battery manufacturer’s instructions

or as defined in the product specification Documents
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3.6

end point voltage

EPV

unless otherwise stated, during discharge the battery end point voltage (EPV) corresponding to
a mean voltage per cell of 1,00 V for nickel-cadmium or 1,67 V for lead-acid batteries

Note 1 to entry: This note applies to the French language only.

3.7

serviced battery

battery that has been fully prepared and maintained in accordance with the manufacturer’s
instructions or as defined in the product specification

3.8

airworthiness

compliance of a battery or part thereof with all conditions and regulations required by the
appropriate governmental authorities for their safe operation and performance

3.9

product specification

separate document which details the specific requirements which a battery is expected to meet
for a particular aircraft application

4 Test conditions and measuring apparatus

4.1 General test conditions

If specific test conditions are not defined for a test, the test shall be carried out under the
following general test condition:

— air pressure: 85 kPa to 106 kPa (850 mbar to 1 060 mbar),
— temperature: 23 °C + 2 °C,
— relative humidity (RH): not to exceed 70 %.

If definite tolerances have not been specified, a deviation of not more than +5 % from the given
non-electrical values will be permitted.

When using this standard to evaluate products designed to operate on an aircraft electrical
system other than the nominal 28 V d.c., or whose chemical properties are such that the
individual cell voltage differs from that stated above, test values shall be adjusted accordingly.

4.2 Measuring apparatus
4.2.1 General

The measuring method used for the tests shall be selected to suit the magnitude of the
parameters to be measured. The apparatus shall be regularly calibrated and shall have at least
the degree of accuracy given below.

4.2.2 Voltage measurement

The instruments used for measuring voltage shall be voltmeters having an accuracy of
class 0,5 or better, as defined in IEC 60051-1 and IEC 60051-2. Digital systems shall comply
with IEC 60485. The resistance of the voltmeters shall be at least 5 000 Q/V. To establish the
battery voltage, the measurements shall be taken at the battery interface connector.

Documents
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4.2.3 Current measurement
The instruments used for current measurement shall be ammeters having an accuracy of
class 0,5 or better, as defined in IEC 60051-1 and IEC 60051-2. Digital systems shall comply

with [EC 60485. This accuracy class shall be maintained for the assembly of ammeter, shunt
and leads.

4.2.4 Temperature measurement

The instruments used for temperature measurement shall have an accuracy of + 1 °C or better.

4.2.5 Time measurement

The instruments used for time measurement shall be to an accuracy of 0,5 % or better.

4.2.6 Additional test equipment

Equipment used shall have a measurement accuracy of 5 % unless otherwise stated.

4.2.7 Mass test equipment

Equipment used shall have a measurement accuracy of 0,5 % unless otherwise stated.

4.3 Charging method

The battery shall be serviced and charged in accordance with the manufacturer’s instructions
or using the dedicated charger or as required in the product specification.

4.4 Physical examination

Prior to the commencement of the electrical and environmental testing, each battery being
tested shall be inspected to ensure that it complies with the relevant product specification as
defined in IEC 60952-3, or to the manufacturer’s drawing as follows:
a) mass and dimensions;
b) minimum marking as detailed in 15.3 of IEC 60952-2:2013;
) correct warning labels;
d) correct interface connectors;
) damage to case, lid and interface connectors;
f) no signs of corrosion;
g) no signs of electrolyte leakage;
h) general standards of workmanship.

5 Electrical requirements and test procedures

5.1 Capacity tests at the 1 /; rate
5.1.1 Rated capacity C4

Test method — The battery shall be commissioned and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at an ambient temperature of
23°C+2°C, it shall be discharged at the 1 [/, rate to its EPV, maintaining the ambient
temperature at 23 °C + 2 °C during discharge.

Requirements — The battery shall deliver a capacity of not less than 100 % C, (discharge time

1h). Documents

Document Sharing Hub

Full document details: IEC 60952-12013


http://www.avadocuments.com/doc/iec-60952-1-2013
http://www.avadocuments.com/doc/iec-60952-1-2013

-12 - 60952-1 © IEC:2013
5.1.2 Initial capacity requirement for vented and valve regulated nickel-cadmium
batteries

To meet the rated capacity requirement each cell shall produce a voltage of not less than 1,0 V
at the end of 60 min of discharge at 1 /; at an ambient temperature of 23 °C £ 5 °C.

5.1.3 Capacity at 1 /; and -18 °C

Test method — The battery shall be commissioned and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at an ambient temperature of
-18 °C £ 2 °C, it shall be discharged at the 1 /; rate to its EPV, maintaining the ambient
temperature at —18 °C + 2 °C during discharge.

Requirements — The capacity shall be recorded and shall not be less than the value declared
by the manufacturer or stated in the product specification.

5.1.4 Capacity at 1 /4 and -30 °C

Test method — The battery shall be commissioned and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at an ambient temperature of
-30 °C £ 2 °C, itshall be discharged at the 1 /; rate to its EPV, maintaining the ambient
temperature at —30 °C + 2 °C during discharge.

Requirements — The capacity shall be recorded and shall not be less than the value declared
by the manufacturer or stated in the product specification.

5.1.5 Capacity at 1 /4 and 50 °C

Test method — The battery shall be commissioned and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at an ambient temperature of
50 °C £ 2 °C, it shall be discharged at the 1 /; rate to its EPV, maintaining the ambient
temperature at 50 °C + 2 °C during discharge.

Requirements — The capacity shall be recorded and shall not be less than the value declared
by the manufacturer or stated in the product specification.

5.2 Constant voltage discharge
5.21 General

Either of the following test methods shall be carried out as agreed by the approving authority.
The discharge current capability of the test equipment shall exceed 50 /.

5.2.2 Constant voltage
5.2.2.1 General

Subject the battery to a constant voltage discharge equal to the number of cells multiplied by
half their nominal voltage at the following temperatures.

5.2.2.2 Constant voltage current at 23 °C

Test method — The battery shall be serviced and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at 23 °C + 2 °C, it shall be discharged at
a rate so as to maintain a constant terminal voltage corresponding to half the nominal voltage
for not less than 15 s. The discharge load shall be automatically controlled to enable a plot of
current against time to be recorded throughout the test.
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Requirements — The current at 15 s shall be designated /pgr and the current at 0,3 s shall be
designated Ipp. The values obtained shall be reported and shall not be less than the values
declared by the manufacturer or as stated in the product specification.

5.2.2.3 Constant voltage current at -18 °C

Test method — The battery shall be serviced and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24h at =18 °C + 2 °C, it shall be discharged
at a rate so as to maintain a constant terminal voltage corresponding to half the nominal
voltage for not less than 15 s. The discharge load shall be automatically controlled to enable a
plot of current against time to be recorded throughout the test.

Requirements — The current at 0,3 s and 15 s shall be reported and shall not be less than the
value declared by the manufacturer or as stated in the product specification.

5.2.2.4 Constant voltage current at -30 °C

Test method — The battery shall be serviced and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at =30 °C + 2 °C, the battery shall be
discharged at a rate so as to maintain a constant terminal voltage corresponding to half the
nominal voltage for not less than 15 s. The discharge load shall be automatically controlled to
enable a plot of current against time to be recorded throughout the test.

Requirements — The current at 0,3 s and 15 s shall be reported and shall not be less than the
value declared by the manufacturer or as stated in the product specification.

5.2.3 Constant voltage discharge (14 V)
5.2.3.1 General

Subject the battery to a constant voltage (14,0 V) discharge at the following temperatures.

The testing equipment for high rate discharge at 14 V shall be capable of recording data with a
resolution of 0,1 s intervals.

5.2.3.2 Constant voltage current at 23 °C

Test method — The battery shall be serviced and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at 23 °C + 2 °C, it shall be discharged at
a rate so as to maintain a constant terminal voltage of 14,0 V for not less than 60 s.

Throughout the test, a plot of current against time shall be recorded.

Requirements — The current at 0,3 s, 5s, 15 s and 30 s together with the average current for
the 60 s of the test shall not be less than the value declared by the manufacturer or as stated
in the product specification.

5.2.3.3 Constant voltage current at — 18 °C

Test method - The battery shall be serviced and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at —18 °C + 2 °C, it shall be discharged
at a rate so as to maintain a constant terminal voltage of 14,0 V for not less than 60 s.

Throughout the test, a plot of current against time shall be recorded.

Requirements — The current at 0,3 s, 5s, 15 s and 30 s together with the average current for
the 60 s shall not be less than the value declared by the manufacturer or as stated in the
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5.2.3.4 Constant voltage current at —-30 °C

Test method — The battery shall be serviced and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at —30 °C + 2 °C, it shall be discharged
at a rate so as to maintain a constant terminal voltage of 14,0 V for not less than 60 s.

Requirements — Throughout the test, a plot of current against time shall be recorded; the
current at 0,3 s, 5s, 15 s and 30 s together with the average current for the 60 s shall not be
less than the value declared by the manufacturer or as stated in the product specification.

5.3 Rapid discharge capacity
5.3.1 Rapid discharge capacity at 23 °C

Test method — The battery shall be serviced and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at an ambient temperature of
23 °C + 2 °C, it shall be discharged at a 10 /4 rate to its EPV.

Requirements — The capacity shall be recorded and shall not be less than the value declared
by the manufacturer or as stated in the product specification.

5.3.2 Rapid discharge capacity at -30 °C

Test method — The battery shall be serviced and charged in accordance with 4.3. After
standing for not less than 20 h and not more than 24 h at an ambient temperature of
-30 °C + 2 °C, a serviced and charged battery shall be discharged at a 10 /4 rate to an end
voltage corresponding to a mean voltage per cell of 0,5V for nickel-cadmium or 0,83 V for
lead-acid, maintaining the ambient temperature at =30 °C + 2 °C during discharge.

Requirements — The capacity shall be recorded and shall not be less than the value declared
by the manufacturer or as stated in the product specification.

5.4 Charge retention

Test method — The battery shall be subjected to 2 separate tests, one at each of the 2
different temperatures defined, each to be undertaken sequentially.

Test temperature:
a) 23°C+5°C,
b) 50°C+2°C.

The battery shall be serviced and charged in accordance with 4.3. It shall be discharged
according to 5.1.1 and the discharge duration shall be recorded (capacity 1).

It shall be recharged and, with the battery cover on, stored in an open circuit condition at the
temperature defined above for a period of 28 days, after which it shall be removed from the
thermal storage, allowed to stabilise to a temperature of 23 °C + 5 °C and then discharged at
the 1/, rate to its EPV (capacity 2).

Requirements — The capacity (capacity 2) and the percentage reduction of capacity
(calculated from capacities 1 and 2) shall be recorded and shall comply with the value declared
by the manufacturer or as stated in the product specification.
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5.5 Storage

Test method — A new battery, as supplied by the manufacturer, shall be stored in temperate
conditions (20 °C = 15 °C; humidity less than 70 %) for 24 months. Different storage periods
may be specified either by the manufacturer or stated in the product specification.

Requirements — After storage, the battery shall be serviced and charged in accordance with
4.3. It shall then satisfy the test sequence in Table 3 for test battery in group V.

5.6 Charge stability

Test method — The battery shall be serviced and charged in accordance with 4.3. To facilitate
temperature measurements of the battery, a thermocouple shall be connected to either an
inter-cell or monobloc connector, near to the centre of the battery, fitted with any necessary
instrumentation and placed in a chamber at 50 °C + 2 °C for not less than 20 h and not more
than 24 h, prior to commencement of the test. The battery shall remain in the chamber for the
duration of this test and the airflow, across the working section of the chamber, shall be at a
minimum speed of 0,45 m per second.

Discharge the battery at a 6 /4 rate for 5 min and immediately recharge, using either a constant
voltage charge of 28,5V + 0,1V or a dedicated charger for a period of 10 h as defined by the
manufacturer or as stated in the product specification.

Record the charging current every second for the first 5 min and thereafter record both current
and temperature at intervals of 10 min. The voltage shall be recorded throughout the charge
period.

On completion of charge stand on open circuit for 1 h, discharge the battery at the 1 /; rate to
its EPV. The battery shall be examined at the end of test for physical damage. No water
additions shall be made after the battery has been placed in the chamber.

Requirements — During the constant voltage charge, the charging current shall not increase
from the minimum value during this period by more than 0,1 /4 and the temperature of the
centre section shall not exceed 70 °C. During the discharge at 1 /4, the battery shall deliver a
capacity of not less than 75 % of C,.

At the end of test, the battery after standing at 23 °C + 2 °C for not less than 20 h and not more
than 24 h, shall meet the requirements of 5.1.1.

5.7 Short-circuit test

WARNING: Attention is drawn to the possible risk of fire or explosion involved in performing
this test.

Test method — The battery shall be serviced and charged in accordance with 4.3 and
stabilised at 23 °C = 2 °C for not less than 20 h and not more than 24 h. It shall then be
connected to a test circuit with an appropriate mating connector for 60 s. The total resistance
of the circuit including the appropriate mating connector shall not exceed 2,0 mQ.

The current and the terminal voltage shall be measured throughout the test.

Overhaul the battery according to the manufacturer’'s maintenance manual and perform
insulation and rated capacity test afterwards.

Requirements — All debris or fragmentation shall be contained within the battery casing and
there shall be no subsequent ignition of gases within the battery.
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Peak current and last recorded current are to be reported. If the battery becomes open circuit,
the duration from the start is to be stated. The current just prior to this and the physical
condition of the battery after the test shall be reported.

5.8 Charge acceptance
5.8.1 General

Charge acceptance checks the ability of the battery to accept charge which assures that
energy removed during ground and start operations can be returned to the battery in the
specified time. The ambient temperature test shall be completed for all batteries. The low
temperature test/s shall be completed only for those batteries fitted with heaters. The
appropriate test/s shall be undertaken in accordance with the product specification.

5.8.2 Ambient temperature (23 °C)

Test method — The battery shall be serviced and charged in accordance with 4.3. It shall be
discharged in accordance with 5.1.1 and the discharge duration shall be recorded. It shall be
recharged in accordance with 4.3. It shall then be discharged at the 1 /; rate for 50 % of the
duration of the previous discharge test. The battery shall stand for not less than 20 h and not
more than 24 h and then be charged at a constant voltage of 28,5V + 0,1V or using a
dedicated charger for 60 min + 3 min. A curve of current as a function of time shall be
recorded for a period of 60 min.

Immediately after charging, the battery shall be discharged at 1 /; to its EPV.

Requirements — The capacity shall be recorded and shall be not be less than the value
declared by the manufacturer or as stated in the product specification.

5.8.3 Low temperature (only for batteries fitted with heaters)
5.8.3.1 General

Low temperature assessment validates the ability of the battery to accept charge and ensures
that the heater system is effective. This verifies that the energy removed, for ground and start
operations, can be replenished at the lower operating temperature providing confirmation that
the battery can accommodate emergency loads. The prescribed test shall be applied in
accordance with the product standard.

5.8.3.2 Charge and discharge test at —18 °C for batteries containing internal heaters

Test method — The battery shall be serviced and charged in accordance with 4.3 and then
placed in a test chamber at —18 °C + 2 °C for not less than 20 h and not more than 24 h. Whilst
at this test temperature, the battery shall be discharged at the 1 /,; rate to its EPV.

Within 5 min with the battery still in the =18 °C environment, charge it at a constant voltage of
28,5V + 0,1V or using its dedicated charger for 0,5 h + 3 min. A curve of current as a function
of time shall be recorded. The battery heater circuit shall be energised at its specified power
during the entire 0,5 h charge. At the end of the 0,5 h charge, disconnect power from the
heater circuit.

Immediately following charge, remove the battery from the test chamber and discharge it at 1 /,
to its EPV.

Requirements — The capacity shall be recorded and shall not be less than the value of the
previous discharge or as stated in the product specification.
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5.8.3.3 Charge and discharge test at —40 °C for batteries containing internal heaters

Test method — The battery shall be serviced and charged in accordance with 4.3 and placed in
a test chamber at —40 °C + 2 °C for not less than 20 h and not more than 24 h. Whilst at this
test temperature, the battery shall be discharged at the 1 /, rate to its EPV.

Within 5 min and with the battery still in the —40 °C environment, charge it at a constant voltage
of 28,5V + 0,1V or using its dedicated charger for 60 min £ 3 min. A curve of current as a
function of time shall be recorded. The battery heater circuit shall be energised during the
entire 60 min charge. At the end of the 60 min charge, disconnect power from the heater
circuit.

Immediately after completing the 60 min charge, remove the battery from the —-40 °C
environment and place in a 23 °C + 2 °C environment. Within 5 min, discharge the battery at
the 1/, rate to its EPV.

Requirements — The capacity shall be recorded and shall not be less than the value of the
previous discharge or as stated in the product specification.

5.9 Insulation resistance and dielectric strength
5.91 General

To assess insulation resistance, both of the following tests shall be carried out.

5.9.2 Insulation resistance

Test method - The value of the insulation resistance shall be measured with 250 V d.c.
between the positive output terminal and the usual points for the installation and attachment of
the casing.

Requirements — The minimum value of the insulation resistance, shall be 0,25 MQ but after
cleaning and drying the minimum value shall be 10 MQ.

5.9.3 Dielectric strength

Test method — The battery shall be stabilised at 23 °C + 5 °C for not less than 20 h and not
more than 24 h. Apply an a.c. voltage, r.m.s. value 1 500 V, frequency 50 Hz + 10 Hz, for 1 min
between each battery terminals and case (or its attachments if insulated).

Requirements — There shall be no arcing or insulation breakdown

5.10 Duty cycle performance

Test method — The following test shall then be carried out at an ambient temperature of
23 °C £ 5 °C. The battery may be externally cooled throughout the test. To assist cooling, the
covers of batteries fitted with removable covers may be removed.

The battery shall be serviced and charged in accordance with 4.3. During the test, the
temperature of the battery shall be measured as close as possible to the centre of its mass;
either on one of the inter-cell connectors or secured to the monobloc surface.

A duty cycle consists of the following sequence of 4 steps:

a) The battery shall be discharged through a fixed resistor for 20 s. The value of the resistor
(in ohms) shall be equal to 1,15 times the nominal battery voltage divided by its rated value
of Ipbg (5.2.2.2) or as declared in the product specification. The nominal battery voltage is
defined as the number of cells times 1,2V for nickel-cadmium or 2,0V f ~aci
batteries. The resistance shall not vary by more than + 5 % through the test. ODBi‘fl?ﬁ‘ients
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b) After standing on open circuit for 2 min, it shall again be discharged through the resistor for
20 s.

c) The battery shall then be charged using a dedicated charger or at a constant voltage of
28,5V £ 0,1V (for a nominal 24 V battery and adjusted pro rata for batteries of other
nominal voltages) for 60 min + 2 min. The constant voltage supply shall have a current
rating of at least 8 /,.

d) The battery shall then stand on open circuit for not less than 1 h and not more than 2 h.

The duty cycle (sequence a) to d)) shall be repeated 50 times. No water addition is permitted
during these cycles.

The battery shall be immediately discharged at the 1 /, rate, recording the duration to its EPV.
The battery shall then be serviced and charged in accordance with 4.3.

The battery shall then be discharged at the 1 /, rate, recording the duration to its EPV.

The procedures above shall then be repeated, to provide a minimum total of 100 duty cycles.

Requirements — The battery meets the requirements if:

a) the minimum battery terminal voltage achieved during the discharge at a) above is not less
than 13 V (for a nominal 24 V battery or adjusted pro rata for batteries of other nominal
voltages);

b) the temperature in the centre of the battery does not exceed 60 °C;

c) the current during constant voltage charge reduces to and remains below 0,2 /4 during the
test;

d) the duration of the discharge at the 1 /{ rate, immediately after the last charge of the
cycling test, is not less than 48 min (80 % of C1);

e) the water replenishment, where applicable, per cell during servicing does not exceed the
manufacturer’'s recommendations;

f) the insulation resistance between cells and case before servicing is not less than 0,25 MQ
at a voltage of 250 V d.c.;

g) after servicing and charging, the duration of the discharge at the 1 /1 rate is not less than
54 min (90 % of Cq);

h) dimensional distortion remains within specified limits;

i) no cracking of cases or covers of either cells or batteries occurs.
5.11 Water consumption test

This test is designed for all batteries to which water can be added.

Test method — A rated capacity test shall be carried out on a serviced and charged battery in
accordance with 5.1.1. The battery shall be serviced in accordance with 4.3.

The battery shall be weighed prior to commencement of the test and after the completion of
each 500 h. The battery is required to complete a minimum of 2 000 h.

The battery shall be subjected to a charge at a constant voltage of 28,5V + 0,1V at a
temperature of 23 °C £ 5 °C. The test shall continue for 2 000 h or until the maximum weight
loss, commensurate with safe operation, as declared by the manufacturer, has been reached.

Requirements — The total number of hours on charge and the resultant weight loss shall be
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5.12 Overcharge endurance

This test is for valve regulated batteries.

Test method - The battery shall be serviced and charged in accordance with 4.3 and
subjected to a rated capacity test in accordance with 5.1.1. The battery shall then be charged
according to the manufacturer’s instructions. The battery shall be weighed.

For batteries designed to be used with a dedicated charge system, the battery shall be
subjected to a continuous charge using the dedicated charge system for not less than 400 h.
The dedicated charger shall be operating at its maximum permitted overcharge rate. For other
batteries, the battery shall be subjected to a constant voltage charge at 23 °C + 5 °C and at a
voltage corresponding to 1,45V + 0,005 V per cell for nickel-cadmium or 2,417 V + 0,01 V per
cell for lead-acid, for at least 400 h without intermediate discharge.

After 400 h, the battery shall be weighed.

After standing for not less than 20 h and not more than 24 h on open circuit at 23 °C + 2 °C,
the battery shall be discharged at the 1/, rate, to its EPV.

Requirements — The weight loss of the battery shall be not more than 0,1 % for nickel-
cadmium and 0,2 % for lead-acid batteries.

The capacity shall be recorded and shall not be less than the value declared by the
manufacturer or as stated in the product specification.

NOTE Certain designs of lead-acid batteries may request conditioning prior to this test as declared by the
manufacturer.

5.13 Cyclic endurance

The cyclic endurance test is conducted to determine the number of cycles that can be
performed without performing maintenance to rebalance the capacity for nickel cadmium and
nickel metal hydride, and to determine the cycle life for lead-acid batteries.

Test method — The battery shall be serviced and charged in accordance with the battery
manufacturer's instructions or design documentation and subjected to 4 sets of 24 shallow
discharge cycles followed by 1 deep discharge cycle or until the battery fails to meet the
requirement below. External cooling is permitted.

Each shallow cycle shall consist of a discharge at the 1 /, rate for 10 min, followed by a charge
at 28,5V £ 0,1 V or with a dedicated charger for 2 h, and a stand for 1 h.

Each deep cycle shall consist of a discharge at the 1 /, rate for 48 min, followed by a charge at
28,5V + 0,1V or with a dedicated charger for 2 h, and a stand for 1 h.

Requirements — During each discharge, the voltage shall not fall below 0,9 V per cell for
nickel-cadmium batteries or 1,5 V per cell for lead-acid batteries.

The manufacturer shall declare the number of cycles satisfactorily completed.

5.14 Deep discharge test

To establish the performance of the battery and its ability to recover from a deep discharge, the
following test shall be applied:

Test method — This test shall be carried out at 25 °C + 5 °C. A battery shall be Sﬁviced and
charged in accordance with 4.3. ocuments
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Discharge the battery at the 1 /; rate (in accordance with 5.1.1), to determine its capacity
(capacity 1). Apply a 1 Q + 10 % resistor between the positive and negative terminals of the
battery. The resistor shall remain connected for 336 h (2 weeks). Remove the resistor circuit
and leave the battery to stand in the discharged condition for a further 336 h (2 weeks).

Charge the battery in accordance with 4.3. Carry out a capacity discharge test (1 /) in
accordance with 5.1.1 (capacity 2).

Requirements — The battery fulfils this test if the capacity 2 is equal to or greater than 90 % of
the capacity 1 or as stated in the product specification.

5.15 Induced destructive overcharge

WARNING: Attention is drawn to the possible risk of fire or explosion involved in performing
this test.

Test method — The battery shall be charged and serviced in accordance with 4.3. It shall be
mounted by its normal method of mounting. It shall then be further charged, using a constant
voltage power supply, at 3V + 0,2V — 0,0 V per cell for lead acid and 1,8 V + 0,2V — 0,0 V for
nickel-cadmium, with the capability of supplying a current of at least 8 /; A to the point of total
battery failure.

The charging source shall not be removed until the battery voltage and charge current have
stabilised for at least 1 h.

Throughout the test, record the battery terminal voltage, charging current and the battery
temperature.

The following shall be reported:

a) any evidence of flame from the battery within 3 h following termination of the final charge;

b) effectiveness of the battery containment case to contain all debris resulting from any
explosion during or after the test;

c) any escape of electrolyte from the battery case.
5.16 Electrical emissions
Batteries which contain active electronic components shall be tested to the requirements of

RTCA DO-160. The manufacturer shall declare, in the DDP, whether the battery contains any
active components.

6 Environmental requirements

6.1 Vibration
6.1.1 General

The battery shall be subjected to either sinusoidal or random vibration in accordance with
RTCA DO-160. Specific requirements, to meet a specific application, shall be included in the
product specification. The duration of vibration shall be commensurate to the installed life of
the battery, bearing in mind that this will be a shorter period than the life of the airframe. The
method of mounting, orientation and vibration spectrum applied during vibration assessment
shall replicate that used in the application (if known).
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6.1.2 Battery mounting

The battery shall be mounted with the base of the battery in a horizontal plane irrespective of
the axis of vibration (Figure 1). Unless otherwise specified, it shall be secured directly onto the
vibration table by its method of mounting. Electrical connection to the battery shall be made via
the battery connectors.

X positive Z positive

Y negative *————— 4+—— Y positive

\4 X negative

Z negative IEC 1293/04

Battery mounting details to be determined in accordance with the product standard and shall reflect as close as
possible the aircraft installation.

Axis of vibration shall be defined in terms of orientation using the connector as the reference to the designated
direction given above.

Figure 1 — Vibration orientation

6.1.3 Declaration

The manufacturer shall declare in the DDP the detail of the test and the report reference
containing the results. In addition the maximum installed life of the battery shall be declared in
both the DDP and the certificate of airworthiness.

6.1.4 Vibration requirements

When subjected to either the sinusoidal or random vibration test, the battery shall comply with
the following:

a) No battery cell or component shall show dimensional distortion beyond specified limits or
cracking of cases or covers of either cells or batteries.

b) There shall be no interruption of output and no irregular variation of voltage or current
greater than 2 %.

c) There shall be no mechanical failure of any part, electrolyte leakage or spillage of
electrolyte at any time during the test or venting of gasses containing entrained electrolyte
(except during charge of vented nickel-cadmium batteries). Documents
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d) The minimum value of the insulation resistance shall be 0,25 MQ, but after cleaning and
drying, the minimum value shall be 10 MQ. There shall be no breakdown of insulation,
stripping of metal plating from any component part, corrosion of metal parts, or loosening
of protective coating from the battery container or cover or deterioration of battery
identification markings.

e) The battery shall comply with the rapid discharge capacity requirements.
6.2 Acceleration

Test to be performed if required by the product specification.

Test method — The battery charged in accordance with 4.3 shall be secured by its normal
method of mounting on to a suitable fixture which, in turn, is securely fixed to the centrifuge.

WARNING: For natural ventilation type battery, any open apertures in the exterior surfaces of
the case, such as louvers and vent holes, may be temporarily sealed during the test to avoid
unnecessary spillage of electrolyte.

The acceleration conditions shall be as given in Table 1 and shall be applied on each axis for
not less than 1 min:

Table 1 — Acceleration conditions

. Normal acceleration Crash acceleration
Axis Non-aerobatic Aerobatic All
Horizontal (X and Y axes) +20g +4,7g +90g¢g
Vertical
Z axis (upwards) 2049 3,69 4049
Z axis (downwards) 4,54 9,09 4,59

During the test, the battery shall be discharged at a 0,1 /; rate and voltage and current shall be
continuously recorded such that variation or interruption of output can be detected. The
response time of the monitoring instrumentation shall be no greater than 100 ms.
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The requirements are the following:

a) During the test, there shall be no interruption of output and no irregular variation of voltage
or current greater than 2 %.

b) On completion of normal acceleration testing, no battery, cell or component, shall show
dimensional distortion beyond specified limits or cracking of cases or covers of either cells
or batteries.

c) On completion of normal acceleration testing, there shall be no mechanical failure of any
part, electrolyte leakage or spillage of electrolyte at any time during the test or venting of
gasses containing entrained electrolyte.

d) The minimum value of the insulation resistance shall be 0,25 MQ but after cleaning and
drying, the minimum value shall be 10 MQ. There shall be no breakdown of insulation,
stripping of metal plating from any component part, corrosion of metal parts, or loosening
of protective coating from the battery container or cover or deterioration of battery
identification markings.

e) On completion of crash testing, the battery may exhibit damage but shall not have broken
loose from its mounting or have ignited. The battery manufacturer may specify that the
crash acceleration test may be carried out after completion of the duty cycle performance
test (see Table 3).

6.3 Operational shock and crash safety
6.3.1 Operational shock

Test method - The battery shall be serviced and charged in accordance with 4.3 and
subjected to the operational shock test procedure of RTCA DO-160. The battery shall be fully
charged prior to the shock test. Shock the battery in all orientations except in the suspended
upside down position. While subjecting the battery to the shocks, discharge the battery at the
0,5 C4A rate; and, after each shock, check for any failure, electrically or mechanically. No
resilient mounting shall be provided.

Requirements — The battery shall be examined for physical damage resulting from the shock
test and there shall be no damage to the battery or leakage of electrolyte from the battery.

6.3.2 Crash safety

Test method - The battery shall be serviced and charged in accordance with 4.3 and
subjected to the crash safety test procedure of RTCA DO-160, including the sustained and
impulse levels as appropriate. The battery shall not be shocked in the suspended upside down
position.

Requirements — The battery shall meet all mechanical requirements specified. In addition, no
leakage of electrolyte from the battery is allowed. After the shocks are completed, the battery
shall be subjected to the rapid discharge capacity at 23 °C of 5.3.1 and must deliver the
capacity declared by the manufacturer or required by the product specification.

6.3.3 Declaration
The manufacturer shall declare in the DDP the detail of the tests applied (including the

equipment category applied and the sustained and impulse details) and the report reference
containing the results.

6.4 Explosion containment

Test method — The battery shall be serviced and charged in accordance with 4.3. It shall be
mounted by its nominal method of mounting and with no forced ventilation, it shall be
overcharged with a current of 0,5 /4. After not less than 5 min at this current, the gases within

the outer casing of the battery shall be ignited by a suitable method. Documents
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Requirement — All debris or fragmentation shall be contained within the casing and there shall
be no subsequent ignition of the battery.

WARNING: Extreme caution shall be exercised when carrying out this test, to prevent injury
in the event that the explosion is not contained.

6.5 Gas emission

This test is for valve-regulated nickel-cadmium and lead-acid batteries.

WARNING: Attention is drawn to the possible fire/explosion hazard involved in carrying out
this test and local regulations for the permitted hydrogen percentage levels shall be followed.
Hydrogen/air mixtures containing 4 % or more hydrogen by volume are explosive. It is essential
that aircraft design authorities shall take into account the results of this test when determining
ventilation requirements for the battery installation on the aircraft, to reduce the hydrogen
concentration to less than 0,8 %.

Test method — The battery shall be serviced and charged in accordance with 4.3. It shall stand
on open circuit at room temperature for not more than 4 h. The battery shall then be centred
vertically and horizontally in a test chamber fitted with a circulating fan.

The temperature of the battery shall be stabilised at 55 °C + 2 °C for a minimum of 20 h.

Throughout the test, the fan shall run continuously. At 2 random locations within the chamber,
the gas shall be sampled and analysed for hydrogen content and the quantity of hydrogen
evolved shall be calculated.

For batteries designed to be used with a dedicated charge system, the battery shall be
subjected to a continuous charge using the dedicated charge system for 1 h. The dedicated
charger shall be operating at its maximum permitted overcharge rate. For other batteries, the
battery shall be charged for 1 h at a constant voltage corresponding to 1,6 V + 0,005 V per cell
for nickel-cadmium or 2,67 V + 0,01 V per cell for lead-acid. The gas sampling and analysis for
hydrogen content shall be repeated at the same locations.

Requirements — The quantity of hydrogen evolved shall be declared together with the volume
of the test chamber. Airframe manufacturers must use these figures to determine the need for
assisted ventilation of the battery or battery bay on the aircraft.

6.6 Altitude pressure

Test method — The battery shall be serviced and charged in accordance with 4.3, placed in the

altitude chamber and connected to the external supplies. It shall be subjected to 2 cycles at

ambient temperature as follows:

a) reduce the absolute pressure over 15 min to 5,5 kPa,

b) discharge the battery at 5 /; A for 5 min,

c) charge at a constant 28,5 V or use the dedicated charger for a period of 3 h,

d) return the pressure of the test area to ground ambient pressure over 15 min,

e) after standing for not less than 20 h and not more than 24 h on open circuit at 23 °C + 2 °C,
the battery shall be subjected to the rated capacity test of 5.1.1.

Requirements — The battery shall meet the capacity requirement of 5.1.1. It shall not exhibit
deformation of the case, lid, cell containers or insulators outside of the tolerances defined. It
shall not show evidence of abnormal heating, including the connector area. It shall not exhibit
cracking of the case, cell containers and components, no displacement or obstruction of the
venting arrangement. It shall not exhibit deterioration of the surface protection.
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