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Foreword

This British Standard has been prepared by Technical Committee PEL/21. It
supersedes BS 6290-4:1987 which is withdrawn.

The start and finish of text introduced or altered by Amendment No. 1 is indicated
in the text by tags &1.

BS 6290 was initially published in four parts. Part 1 specified the general
requirements and methods of test and was a common reference to Parts 2, 3 and 4
which were product standards specifying the design and performance
requirements respectively for Planté, flat plate and valve regulated lead-acid
stationary cells and batteries.

The publication of BS EN 60896-1:1992 partially superseded BS 6290-1:1983
which was declared obsolescent. The relevant provisions of BS 6290-1:1983 which
are not given in BS EN 60896-1:1992 are contained in this revision of BS 6290-4
and BS 6290-1:1983 is therefore withdrawn. Information on life at various
temperatures, operational recommendations, general applications, acceptance
tests and contractual information, have been transferred to Annex A of this
standard.

The title of this revised standard has been changed to Lead-acid stationary cells
and batteries: Part 4. Specification for classifying valve regulated types. This more
accurately reflects the scope of the standard and will avoid confusion with Part 2
of BS EN 60896 which will carry a title similar to that of BS 6290-4:1987.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages i and ii,
pages 1 to 29 and a back cover.

The BSI copyright notice displayed in this document indicates when the
document was last issued.

ii
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1 Scope

This Part of BS 6290 specifies the criteria for classifying lead-acid units (cells or monoblocs) of the valve
regulated type.

The system of classification relates to electrical performance, durability and safety. Information that can
be used to estimate battery lives is shown.

NOTE The titles of the publications referred to in this standard are listed on the inside back cover.
2 References

2.1 Normative references

This Part of BS 6290 incorporates, by dated or undated reference, provisions from other publications. These
normative references are made at the appropriate places in the text and the cited publications are listed on
the inside back cover. For dated references, only the edition cited applies; any subsequent amendments to,
or revisions of, the cited publication apply to this Part of BS 6290 only when incorporated in the reference
by updating or revision. For undated references, the latest edition of the cited publication applies, together
with any amendments.

2.2 Informative references

This Part of BS 6290 refers to other publications that provide information or guidance. Editions of these
publications current at the time of issue of this standard are listed on the inside back cover, but reference
should be made to the latest editions.

3 Definitions
For the purposes of this Part of BS 6290, the definitions given in BS 6133 apply, together with the following.

3.1
unit
a cell or monobloc

3.2
monobloc
a secondary battery in which the cells are fitted in a multi-compartment container

3.3

valve regulated cell

a secondary cell which is closed under normal conditions but which has a valve arrangement which allows
the escape of gas if the internal pressure exceeds a predetermined value. The cell cannot normally receive
addition to the electrolyte

34
thermal runaway
a critical condition arising during constant voltage charging in which the current and the temperature of

the battery produce a cumulative, mutually reinforcing effect which further increases them, and which may
lead to the destruction of the battery

4 Measuring instruments

4.1 Electrical measuring instruments

4.1.1 Ranges of measuring devices

The instruments used shall enable the values of voltage and current to be measured. The calibration of
these instruments and the measuring methods shall be chosen so as to ensure the accuracy specified for
each test.

NOTE 1 For analogue instruments this implies that readings should be taken in the last third of the graduated scale.
NOTE 2 Any other measuring instruments may be used provided they give an equivalent accuracy.
4.1.2 Voltage measurement

The instruments used for voltage measurement shall be voltmeters of an accuracy class equal to 0.5 or
better. The resistance of the voltmeter used shall be at least 1 000 QO/V (see BS 89-2).

© BSI 2 October 2002 1
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4.1.3 Current measurement

The instruments used for current measurement shall be ammeters of an accuracy class equal to 0.5 or
better. The entire assembly of ammeter, shunt and leads shall be of an accuracy class 0.5 or better.

4.2 Temperature measurement

For measuring temperature, thermometers shall be used having a suitable measuring range in which the
value of each graduated division does not exceed 1 °C. The absolute accuracy of the instruments shall be
+0.5 °C or better.

4.3 Time measurement

For measurement of time, the instrument accuracy shall be £1 % or better.

4.4 Gas pressure measurement

For measurement of pressure, the instrument accuracy shall be =1 % or better.

4.5 Gas volume measurement

For measurement of volume, the instrument accuracy shall be £1 % of full scale or better.
5 Capacity
5.1 Cell or unit capacity

5.1.1 The rated capacity C,; (in A-h) is a reference figure, stated by the manufacturer, which is valid for a
new unit, at a reference temperature of 20 °C, which has a discharge time of ¢ hours to the final voltage Uy.

NOTE1 Recommended values of ¢ (in h) are ¢ = 20, 10, 8, 5, 3, 2, 1, 0.5, 0.25. Of those various Cy; values, one value may be selected
and declared as the nominal capacity C,,,,,. The most commonly used rated values of ¢ (in h) are between 10 and 1, and the final
cischarge voltage Up may be obtained from B.3.

5.1.2 For the purposes of this standard the rated values shall be ¢t = 3; Uy = 1.80 V per cell, C,; = Cs,
and I, = Is.

5.1.3 The discharge current I, (in A) that will flow from a unit of rated capacity C,; (in A-h) at a
temperature of 20 °C for a time ¢ (in h) to a final voltage Uy (in V) is given by:

_ rt
Lo =+

5.1.4 The actual capacity C, shall be determined by discharging a fully charged unit in accordance with the
test specified in B.1.

5.2 Verification of battery capacity

5.2.1 General

Battery capacity shall either be verified by consulting Table 1, which gives expected battery performance,
supported by Table 3 and Table 4 which give unit performance and classification, or by performing a site
test in accordance with 5.2.2.
5.2.2 Battery acceptance by site test
If a site test is required, the test shall be conducted in accordance with B.2.
NOTE 1 The test in B.2 may be used for alternative rates of discharge in which case the criteria specified in B.3 apply.
The following requirements apply:
a) the temperature corrected battery capacity, Cr, shall be greater than Cs; and

b) the temperature corrected unit capacity shall meet the requirements for the appropriate performance
class given in Table 4.

NOTE 2 In the case of marginal non-conforming units (i.e. where Cp meets the class performance less 2 %), a retest should always
be considered as a precautionary measure against incomplete site charging.

NOTE 3 Table 1 can help the specifier to select the required performance stated in Table 2.

2 © BSI 2 October 2002
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6 Safety features

6.1 Terminal pillars

The terminal pillars shall be cast in lead or lead alloy and [A) connect to a threaded insert (male or
female) to which mechanical connections can be made. The insert shall be prepared so that a sound
electrical and mechanical bond is made with the pillar. The primary current path shall be between a flat
surface on the pillar assembly and any connector and not via any threaded parts. The covering of lead

, or other electrolyte impermeable material 31, round the insert within the unit shall be not less than
2 mm.

Where the manufacturer has added an adaptor to the main female or male terminal as an extension of
that terminal (e.g. front terminal adaptors), the adaptor shall sustain a 1h rate constant current discharge
for 1h, and during this time the temperature rise of the adaptor shall not exceed 20 °C. The maximum
current capability of such an adaptor shall be calculated and specified by the manufacturer.

6.2 Containers and lids

6.2.1 Flammability of containers, lids and covers

The containers, lids, and covers shall be made of flame retardant plastics materials. When tested in
accordance with C.1, the materials shall be assigned to the category index rating stated in the test report
(see C.1.3). The manufacturer shall state the level of rating (FVO0, FV1, or FV2) achieved in the type test
certificate.

Note deleted.
6.2.2 Container integrity

The containers and lids shall be so designed as to minimize flexing of the surfaces under normal internal
operating pressures, and operating temperatures up to 40 °C.

The lid shall be welded or bonded to the container, and the complete assembly, which includes the pillar to
lid seal, shall be able to withstand without fracture for 5 h at 20 °C an internal pressure of five times the
mean venting pressure declared by the manufacturer. The complete assembly shall be designed to be
gas-tight and electrolyte-tight.

Table 1 — Performance class

Perfolrmance Unit conformity Temperature corrected capacity performance (48 V battery) 3 h rate
class
(see Table 4) % Unit performance Battery performance
1 99.9 % > Cq All units Cp > 0.99 Cs 100 % batteries Cp > Cs
2 99 % > Cq All units Cp > 0.97 Cy 100 % batteries Cp > Cs
3 99 % > Cq All units Cp > 0.95 Cs 75 % batteries Cp > Cs
4 90 % > Cq All units Cp > 0.93 Cs 0 % batteries Cp > Cq
The values for battery performance are based upon the 3 h rate of discharge and assume a battery size of 48 V. The battery
performance for classes 3 and 4 will be different for larger battery sizes.

6.3 Gas emission

The gas emission (Gg) in the overcharge float condition shall be measured by the gas emission test specified
in C.2. The manufacturer shall state the gas emission value for new units in the type test certificate.

NOTE 1 The overcharge float condition is defined at 2.4 V per cell.

NOTE 2 The value of Gg may be used in Annex A of BS 6133 to calculate the ventilation requirements for racks, cabinets, and
battery rooms. This can be achieved by converting the gas emission value Gy into an equivalent current I. The value of Gg has been
referenced to an atmospheric pressure of 1 bar) and an ambient temperature of 20 °C. To convert G into the equivalent current Iy
the value of Gy, has to be referenced to 0 °C. The equivalent current value Iy is given by the following formula.

Gpx Cyx273
[ = —m
E 418 x 293
NOTE 3 The value of Iy is that equivalent current flowing through the battery at 2.4 V per cell and at 20 °C. If an estimate of the

current flowing at higher temperatures is required, the value of Iy should be doubled for every 10 °C rise in temperature.

D 1 bar = 105 N/m2 = 100 kPa.
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6.4 High current endurance
6.4.1 Units claiming suitability for high current endurance shall be tested in accordance with C.3 and shall
satisfy the following requirements.
a) During the test, the units shall show no indication of combustion and shall not explode as a result of
self-ignition.

b) The actual capacities of the units, C,, after the high current test shall be not less than Cj. The
subsequent examination of the unit group bars and monobloc internal intercell connections shall show
no sign of melting.

6.4.2 If the requirements of 6.4.1 are satisfied, the manufacturer shall state “H” (high current endurance)
in the type test certificate. For those units not claiming suitability for high current endurance, the
manufacturer shall state “L.” (low current endurance) in the type test certificate.

NOTE 1 The test method in C.3 indicates the safe operation of the battery and does not imply its longer term continued fitness for
purpose.

7 Performance

NOTE This clause addresses product characteristics of an applications nature. It is not intended to state criteria to which the
product should conform, but provides standardized test methods by which essential performance characteristics can be determined
should they be required for the engineering or operation of battery systems.

Electromagnetic compatibility is addressed in Annex F.
7.1 Capacity conformity level

7.1.1 The manufacturer shall rate the capacity of the VRLA unit for periods of discharge between 5 min
and 10 h. This may be achieved either by the capacity conformity level test specified in D.1, or by use of the
manufacturer’s own equivalent techniques.

7.1.2 The manufacturer shall calculate the level of conformity in accordance with D.1.8, at the following
rates of discharge: 5 min; 15 min; 1 h; 3 h; 8 h and 10 h.

7.1.3 The manufacturer shall state the calculated levels of conformity in the type test certificate.

7.2 Cyclic endurance

Values for cyclic endurance shall be determined by the test method specified in D.2, and the manufacturer
shall state the [A) minimum and maximum (4 cyclic endurance value in the type test certificate. A
minimum of 50 cycles is required.

7.3 Charge retention

Values of the charge retained Cg, expressed as a percentage, shall be determined by the test method
specified in D.3 and the manufacturer shall state in the type test certificate the value of Cg achieved.

7.4 Internal resistance

Values of unit internal resistance (R;) shall be determined by the test method specified in D.4.

The manufacturer shall state the internal resistance values of the unit in the type test certificate.

NOTE 1 This test method provides information on the d.c. resistance from stabilized test conditions, and does not indicate dynamic
reactions, for example those occurring during the first milliseconds of a short circuit. The results of this test have an accuracy which
is of the order £10 %.

NOTE 2 For a.c. impedance values which may be required for converter applications, reference should be made to the battery
manufacturer.

4 © BSI 2 October 2002
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8 Durability

8.1 Life at elevated temperatures
8.1.1 Standard life test at the 8 h rate of discharge

For the purposes of this standard, life shall be determined, at an elevated temperature of 55 °C, by the test
specified in E.1. The manufacturer shall state the following in the type test certificate:

a) the life in terms of the average endurance at the 8 h rate of discharge to 1.84 V per cell, and
b) the float voltage at which the test was conducted.

For test certificate purposes this performance shall be presented as follows:
average endurance (in days) /rate of discharge (in h) /float voltage (in V).

Thus the performance of a product at the 8 h rate giving an average endurance of 330 days at a float voltage
of 2.27 V per cell would be:

330/8/2.217.

NOTE 1 A conversion guide estimating lives at normal ambient temperatures is given in A.1.1.

NOTE 2 A method for estimating life at temperatures of between 20 °C and 40 °C is given in A.1.2. [&) Text deleted

8.1.2 Additional, applications-dependent life tests at the 1 h and 0.25 h rates

For comparison purposes by either user or manufacturer and according to the demands for application, life
tests at these additional rates shall be performed.

These tests shall be performed using the end voltages in Table B.1 and Table B.2 in accordance with the
procedure in 8.1.1 and the test method specified in E.1. Note 1 and Note 2 of 8.1.1 do not apply. The
resultant values for the average endurance shall be stated in 15a) and 15b) of the type test certificate
shown in Table 3.

NOTE In order to save resources and testing time, laboratories may wish to perform all the discharge rates at the same time within
one single programme. Whilst this is permitted within the test procedure, it is not recommended, as the consequences could be
detrimental to the results obtained.

8.2 Float voltage characteristics

8.2.1 When testing in accordance with E.2, the manufacturer shall state in the type test certificate the
value of float voltage, Uy, used in the test.

8.2.2 The unit float voltage measurements, U;_g, prior to the discharges 1, 3 and 4 shall be treated as one
population. The maximum float voltage measurement, Upjax, and the minimum float voltage
measurement, Uyy, shall be within the range (U, + 3 %).

If Uppax < (Uge = 3 %) < Uy, “PASS” shall be recorded in the type test certificate.

8.2.3 The unit capacities for day 8, day 91, and day 183 shall be plotted against the day number of the test,
and the maximum unit reduction in capacity from the initial discharge, Cjy, to the final discharge, Cpa,
shall be expressed as a % of Cyy in the type test certificate.

8.2.4 [A) The unit capacities C,; following the second discharge on day 11, shall be greater than the rated
capacity Cg. If Day 11 C, > Cs for each unit, “PASS” shall be recorded in the type test certificate.

8.3 Pillar seal assembly

After testing in accordance with E.3, the manufacturer shall state in the test certificate which test was
used, E.3.1 or E.3.2, and the number of days on test before the seals started to leak. This shall be taken as
the number of days until the first recorded instance of a leaking seal in the sample tested.

8.4 Mechanical strength

Valve regulated stationary lead-acid units shall be designed to withstand the mechanical stresses met
during normal transportation, handling, and climatic changes.

When tested in accordance with E.4, the [A) three (Ml units shall remain gas and liquid tight, and in the 5
min rate discharge, performance of the three units subjected to the mechanical test shall be at least 90 %
of the original value.

© BSI 2 October 2002 5
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The manufacturer shall state in the type test certificate whether the units have passed or failed this test.
NOTE Resistance to earthquakes, shocks and vibration, if required, should be individually specified.

9 Classification

9.1 Type testing

NOTE Where cells and batteries employ the same materials, manufacturing process and plate/element design, as defined by the
manufacturer’s quality system, over a range of product sizes or product types, it is not necessary to test fully each individual design
in the classification to obtain qualification, provided that manufacture is in the same factory.

9.1.1 Tests shall be undertaken according to the schedule given in Table 2.
9.1.2 Modifications to, or departures from, the tested design shall invalidate the qualification.

9.1.3 The manufacturer shall indicate the level of conformity of the product in the type test certificate.

NOTE The type test certificate is arranged into three groups of characteristics: safety, durability and performance. The format of
the type test certificate is shown in Table 3.

9.2 Classification procedure

9.2.1 The classification of the product shall be established by reading the values in the status column of the
type test certificate (Table 3) across to the corresponding row in the appropriate class column of the
classification table (Table 4).

9.2.2 If in any one group of characteristics the product is represented in classes 1, 2 and 3, its overall
classification shall be 3.

9.2.3 There is a requirement, irrespective of class, to indicate in the classification table whether the high
current endurance test is applicable. To prevent misapplication of products, the status of the product in
this respect shall be added to the classification (see Table 3 and 6.4.2).

5.2.4 The type test certificate and classification table shall be made available on request together with
supporting test data.

6 © BSI 2 October 2002
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Table 2 — Schedule of classification tests

Factor Testing requirement Clause
reference

Flammability of containers lids and covers | Test the compounded materials 6.2.1
Container integrity Test the assembly with the largest unsupported

surface area 6.2.2
Internal resistance Test each cell and battery 7.4
High current endurance Test each cell and battery 6.4
Rated capacity/conformity level Test the largest configuration of capacity and

voltage within each product range (see note) 7.1
Pillar seal assembly Test the largest configuration of capacity and

voltage within each product range (see note) 8.3
Mechanical strength Test the largest configuration of capacity and

voltage within each product range (see note) 8.4
Life at elevated temperature Test the largest configuration of capacity and

voltage within each product range (see note) 8.1
Cyclic endurance Test the largest configuration of capacity and

voltage within each product range (see note) 7.2
Charge retention Test the largest configuration of capacity and

voltage within each product range (see note) 7.3
Float voltage characteristic Test the largest configuration of capacity and

voltage within each product range (see note) 8.2
Gas emission Test the largest configuration of capacity and

voltage within each product range (see note) 6.3

NOTE A product range is defined as those types using the same materials, manufacturing processes, quality systems and design

of positive plates and negative plates, and elements.
The largest configuration refers to:

the maximum outside dimensions;

the maximum capacity contained in one compartment;

the maximum voltage.

If the largest dimensional configuration appears as either 2 X compartments (90 A-h each) at 4 V, or 3 X compartments

(60 A-h each) at 6 V, the 4 V configuration is the preferred type for group qualification purposes.

© BSI 2 October 2002
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10 Marking
10.1 Polarity

Valve regulated stationary lead-acid units shall carry the polarity marking of at least the positive terminal.
Symbols used for the marking of the polarity shall be in accordance with BS 6217:1981, the marking of the
positive terminal being in accordance with symbol 417-IEC-5005: positive polarity, which shall be indented
or in relief on the lid adjacent to the positive terminal.

Where used, the marking of the negative terminal shall be according to the symbol 417-IEC-5006: negative
polarity, and shall be indented or in relief on the lid adjacent to the negative terminal. The value of
dimension a of the symbols shall be not less than 5 mm, which corresponds to a minimum total length of
6 mm for each arm of the symbol.

10.2 Information marks
The following information shall be permanently marked on the unit:
a) nominal voltage;
b) name of manufacturer or supplier and manufacturer’s or supplier’s type reference;

c¢) rated or nominal capacity expressed (in A-h), with an indication of the rating expressed either as
current or as time, together with the relevant final voltage of 1.80 V per cell;

d) voltage for float operation at 20 °C with tolerance of +1 % (see 8.2.1);
e) date of manufacture, for example (month and year) or (week and year) as defined in BS EN 28601,

f) environmental and safety provisions required by national or European regulations shall be included
on the product.

g) product label (see 6.4.2 and 10.3).
10.3 Product label
10.3.1 The product classification shall be declared on a product label.
10.3.2 The content of the product label shall be as illustrated in Figure 1.

The overall classification of the product shall be described by the sequence of class numbers in the order
presented in the label. Therefore a product which is safety class 1 with high current endurance,
performance class 2 and durability class 3, shall have the overall classification of 1H23.

NOTE Where the higher product classifications are being claimed, the manufacturer is encouraged to obtain independent audited
certification of the claims made in the type test certificate and classification.

The index marked (+) is a safety index obtained from the type test certificate and shall be either “L” for low
current endurance or “H” for high current endurance.

The indices shall be obtained from the type test certificate in conjunction with the classification table.

Classification according to BS 6290-4:1997

Group Safety Performance Durability
Class | ..., () [ e | e,

Figure 1 — Product label
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Table 3 — Type test certificate
Type test certificate: BS 6290-4:1997

Characteristic Clause Requirement Status

reference

Safety

Flammability of container 6.2.1 1) State the rating achieved Fv..........

Container integrity 6.2.2 2) State whether passor fail |

Gas emission 6.3 3) State emission value (Gy) (ml/cell |l

A-h/h)

High current endurance 6.4 4) State whether pass [A) at Gl(H) or () | .ooevenenn.

Performance

Rated capacity conformity level 7.1 5) State % conformity at 5 min |, %
7.1 6) State % conformity at 15 min ~ |........ %
7.1 7) State % conformity at 1 hour | %
7.1 8) State % conformity at 3 hours ~ |.......... %
7.1 9) State % conformity at 8 hours ~ |........... %
7.1 10) State % conformity at 10 hours  |............ %

Cyeclic endurance 7.2 11) State minimum/maximum M value ... cycles

Charge retention 7.3 12) State value (Cgp) | %

Internal resistance 7.4 13) State value (B) | Q

Durability

Standard life test at the 8 h rate of | 8.1.1 14) State endurance/discharge rate/float volts |..... /8......

discharge

Additional applications-dependent | 8.1.2 15a) State endurance/discharge rate/float volts | ..... /1/......

life tests

Additional applications-dependent | 8.1.2 15b) State endurance/discharge rate/float volts | .../0.25/...

life tests
8.2.1 16) State float volts value used (Ug,) | .eeeeeenne \Y%
8.2.3 17) State maximum unit capacity reduction  |............ %
8.2.2 18) Uptax < (Upo £3 %) < Uptin | eeveenvernens
8.2.4 19) Cop>Cy e

Pillar seal assembly 8.3 20) State which test: E.3.1 or E.3.2 E3.....
8.3 21) State number of daysontest ~  |... days

Mechanical strength 8.4 22) State whether passor fail |,

Manufacturer:

Address:

Product:

Range:

Types:

9
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Table 4 — Classification table

Requireme Safety class Performance class Durability class
g;e“;‘;{;};e;) 1 2 3 1 2 3 4 1 2 3 4 5
1 FVO |FV1 |FV2
2 Pass |Pass |Pass
3 a a a
4 a a a
5 >299.9 (=299 | =95 =90
6 >99.9 | =99 =95 | =90
7 >99.9 (=99 | =95 >90
8 >299.9 (=299 | =95 >90
9 =999 (=99 |=95 >90
10 >999 (299 |=9531 [ =90
11 50 50 50 50
12 a a a a
13 a a a a
14 >648 |>518 |>389 [>259 |>130
! 15a a a a a a
! 15b a a a a a
I 16 a a a a a
117 <3% |<3% |<4% |<4% |<5%
18 Pass |Pass |Pass |Pass |Pass
19 Pass |Pass |Pass |Pass |Pass
20 a a a a a
21 a a a a a
29 a a a a a
Manufacturer:
Address:
Product:
Range:
Types:
a2 These values do not affect the classification, but may be obtained from the “status” column of Table 3.

10
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Annex A (informative)
Applications and contractual recommendations

A.1 Product lives at various temperatures

A.1.1 Ambient temperatures

Where temperature is used to accelerate product life endurance, an approximate relationship exists
whereby for every 10 °C increase in temperature the life is reduced by a factor of two. Conversely
every 10 °C reduction in temperature extends the life by a factor of two. Thus the average durations
identified in E.1 and 8.1 can be expressed in durations at 20 °C by the following equation:

average duration (at 20 °C) = average duration (at 55 °C) x 11.31.

NOTE 1 Because there is usually more than one failure mechanism taking place at the same time, the technique only gives
an indication of life and may be used for comparison purposes only.

NOTE 2 Because the high rate performance has the least correlation between room temperate and the accelerated life condition,
the life estimation factor given in A.1.1 should only apply to the endurance at the 8h rate of discharge.

A.1.2 Temperatures of between 20 °C and 40 °C

Estimates of product lives at temperatures of between 20 °C and 40 °C may be obtained from the values
listed in Table A.1.

Table A.1 — Temperature and service life

Temperature Life
°C %
20 100
21 93
22 87
23 82
24 76
25 71
26 66
27 62
28 57
29 53
30 50
31 47
32 44
33 41
34 38
35 35
36 33
37 31
38 29
39 27
40 25

© BSI 2 October 2002 11
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A.2 Operational recommendations

A.2.1 Rated capacity

Where the operating temperatures specified are outside the range 10 °C to 30 °C, the capacity should be
declared by the manufacturer.

A.2.2 Conservation of charge

Where a battery is likely to become isolated from its normal charging arrangements for any length of time,
the manufacturer should recommend the charging procedures needed to restore the battery to a healthy
condition and to maintain that condition. The recommendations should include provision for any load that
might be imposed on a battery in such circumstances.

A.2.3 Environmental conditions

The manufacturer should be consulted if a stationary battery is to be located where the ambient
temperature range is outside the range +5 °C to +40 °C, or where the relative humidity exceeds 95 % for
long periods.

A.2.4 Thermal management

To minimize circumstances giving rise to the thermal runaway condition, the following recommendations
are made.

a) The cell or monobloc should be designed to provide sufficient ventilation to dissipate the heat

generated by the float charge energy. Ideally, the ventilation should be capable of dissipating the heat
generated under fault/abuse conditions however they may be defined. Where batteries are in enclosed
accommodation an air flow distance of at least 10 mm between the cells or monobloc is recommended.

b) Where the ambient air temperature exceeds 25 °C, consideration should be given to reducing the float
charge energy passing through the cell or monobloc by lowering the float voltage. In such circumstances,
reference should be made to the battery manufacturer’s recommendations.

¢) If recommended by the manufacturer, constant current trickle charging could be considered as an
alternative to constant voltage float charging.

d) In order to prevent the temperature of the battery rising beyond the safe limit recommended by the
manufacturer, a thermal cut out could be used to interrupt the charge to the battery.

NOTE Additional information is contained in BS 6133.
A.3 General application

VRLA stationary batteries specified in this standard are suitable for use in standby power applications.
The applications include central battery room configurations, enclosed equipment racks, and office
compatible systems. Their suitability for use in offices and equipment can be determined by reference to
BS 6133. It should be noted that the gases released from units specified in this standard are measured
under boost charge conditions.

A.4 Acceptance tests
The tests in this standard that are suitable for acceptance tests are as follows:
a) the capacity test specified in B.1 (for laboratory acceptance testing);

b) the battery capacity test specified in B.2 (for site acceptance testing).
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A.5 Contractual information

Enquiries or orders for stationary cells or batteries specified in this British Standard should contain the
following information:

a) the number of this British Standard;

b) number of identical batteries required,;

c¢) operating voltage range or voltage ranges of the battery, or alternatively, the number of cells;
d) discharge loads and durations required, or capacity (in A-h) at the 3 h rate;

e) mode of operation, e.g. storage charge/discharge, float/trickle charge, etc.;

f) whether stands or cubicles are required or not, together with layout or space available and, if
applicable, the floor loading;

g) accessories, notices and spares required (if any);

h) any special conditions, e.g. storage, operational, environmental, statutory, etc.;
1) schedules of technical and test data required to be submitted with the tender;
7) whether additional capacity tests as described in are required;

k) the required performance class as described in Table 1 and Table 4;

1) the method of battery capacity verification as described in B.2.

Annex B (normative)
Capacity tests

B.1 Capacity test (laboratory)

B.1.1 Charge units for testing in accordance with the manufacturer’s instructions. All tests shall be carried
out on new and fully charged units. The tests shall take place with units in an upright position, unless they
are intended for use in a different orientation approved by the manufacturer.

NOTE Unless otherwise stated by the manufacturer, the units are considered to be fully charged when, during charging at the

constant voltage recommended by the manufacturer, the observed current shows no appreciable change during a period of 2 h, taking
into account changes in the surface temperature of the cell or monobloc battery.

Measuring instruments used in test procedures shall conform to clause 4 of this standard.

B.1.2 In order to take temperature readings of a battery, choose one pilot unit per group of six units for
batteries of 100 units or fewer, and one pilot unit per group of 12 units for batteries of more than 100 cells.

B.1.3 Measure the surface temperature at the centre of the container wall, parallel to the plates,
immediately prior to the discharge test. The individual readings shall be between 10 °C and 35 °C. The
mean temperature of the selected units shall be considered as representative of the average temperature
of the battery.

NOTE It is desirable that the average initial surface temperature and the ambient temperature are as near to the reference
temperature of 20 °C as is practicably possible.

B.1.4 Within 1 h to 24 h after the end of charging, subject the units to a discharge current I; (see 5.1.3).

Maintain this current within 1 % throughout the whole discharge time. Deviations during manual
adjustments of the current shall be permitted, provided they are within +5 % of the specified value.

B.1.5 The voltage between the terminals of the units, including one inter-unit connector, shall be either
recorded automatically against time or taken by readings from a voltmeter (see 4.1.2). Voltmeter readings
shall be made at least at 25 %, 50 % and 80 % of the discharge time given by:

1

rt

and at suitable time intervals to enable detection of the final discharge voltage U,.

© BSI 2 October 2002 13



BS 6290-4:1997

B.1.6 Discontinue the discharge when the voltage has reached the value n X Us (see 5.1.2), where n is the
number of cells. Note the discharge time.

NOTE 1 In a test on a single unit, the discharge voltage is measured across the terminals including one inter-cell connector
arrangement.

NOTE 2 By agreement between manufacturer and user, additional limitations may be applied to the unit voltage for the capacity
test.

B.1.7 The uncorrected capacity, C (in A-h), at the initial average temperature 0 shall be calculated as the
product of the discharge current (in A) and the discharge time (in h).

B.1.8 When the initial average temperature 0 is different from the reference temperature (20 °C), the
uncorrected capacity, C, shall be corrected by means of the following equation to obtain the actual capacity,
C,, at the reference temperature:

C

Ca= 57 0-20)

The coefficient, A, shall be taken as 0.006 unless otherwise specified by the manufacturer.
B.2 Battery capacity test (on site)
B.2.1 Prepare the battery for service by charging in accordance with the manufacturer’s instructions.

B.2.2 Commence the discharge test to determine the capacity between 1 h and 24 h after the end of the
charge.

B.2.3 Perform the discharge at a unit temperature, 0, measured as the mean of every sixth unit (for
batteries < 100 units) or every twelfth unit (for batteries =100 units) of the battery under test between
10 °C and 35 °C. Calculate the mean temperature, 6 (in °C), as follows:

where

01, 05 etc. are the initial unit temperatures (in °C);
n is the number of test units.

Measure the temperature at the centre of the container wall, parallel to the plates, immediately prior to
the discharge test.

B.2.4 In order to determine the actual capacity at the 3 h rate, discharge the battery at a constant current,
I(@in A), of 0.33 C5+5 % for the whole of the discharge, until the voltage at the battery terminals has fallen
to 1.80 V, multiplied by the number of cells in the battery.

NOTE The test discharge should be the first discharge after the completion of the erection of the battery.
B.2.5 During the discharge, check the following values:

a) the voltage of the battery terminals;

b) the individual voltages across each unit plus one of its interconnectors;

¢) the discharge current, I (in A);

d) the duration time of the discharge, A (in h).

Record the values at 30 min intervals. To prevent damage to the battery complete the final measurement
of individual unit voltages before the voltage at the battery terminals has fallen to 1.80 V multiplied by the
number of cells in the battery.

B.2.6 The duration of the discharge is the period of time, A (in h), from the commencement of discharge
until the voltage at the battery terminals has fallen to 1.80 V per cell.

B.2.7 The capacity, Cy, (in A-h), at the average temperature of the units, 6 (in °C), is given by:
Co=1-h
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B.2.8 If the average temperature, 6 (in °C), differs from the reference temperature, 7= 20 °C, correct the

measured capacity, Cyp, to the capacity at the referenced temperature, Cy using the following equation:
C
Cp= ol
1+A0-T)

where A is the temperature coefficient of capacity variation, per degree Celsius difference between the
average temperature, 0, of the units and the reference temperature, 7'= 20 °C. A may be taken as 0.006
unless otherwise specified by the manufacturer.

B.3 Additional capacity tests

If an additional test for capacity is required at a rate between the 1 h and 10 h rates of discharge, the
discharge shall be terminated at the final voltages given in Table B.1. If an additional capacity test is
required at rates in excess of 1 h, the discharge shall be terminated at the final voltages given in Table 2.

Table B.1 — Final voltages at discharge durations of between 1 h and 10 h

Discharge duration Final voltage per cell
h \Y%
1.75
1.78
1.80
1.81
1.82
1.83
1.83
1.84
1.84
1.85

© 00 I O Ut &~ W N

=
o

Table B.2 — Final voltage at discharge durations of less than 1 h

Discharge duration Final voltage per cell
Min A%
1 1.60
1.62
15 1.65
30 1.69
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Annex C (normative)
Methods of test (safety features)

C.1 Flammability test

C.1.1 The samples of containers, lids and covers shall be tested in accordance with Method F; (Flame-
Vertical specimen) given in BS 6334:1983.

C.1.2 For the purposes of this standard the test specimens shall be manufactured by the moulding method
used to manufacture the plastic components.

C.1.3 For the purposes of this standard the test shall be completed on the issue of the test report prescribed
in BS 6334:1983.

C.2 Gas emission test

C.2.1 This test determines the gas emission from new valve regulated stationary lead-acid units when
operated in the overcharge float condition.

C.2.2 The test shall be carried out on a number of new units, equivalent to 12 cells, which have undergone
the capacity test specified in B.1 and have been found to have a capacity, C,, of at least Cs.

C.2.3 The units shall be maintained at an ambient temperature between 20 °C and 25 °C. Each unit valve
shall be fitted with a gas collection device so that the emitted gas can be collected over several days and the
volume determined to an accuracy of +1 %.

NOTE 1 The emission of gas from the units occurs at irregular intervals so that provision for long unattended quantitative gas

collection is needed. The emitted gas should be accumulated in a simple gas collection and measurement device as shown in
Figure C.1.

.2.4 Float charge the units as a series string at a voltage equivalent to 2.4 volts per cell for 72 h.

C.2.5 On completion of 72 h of float charge, commence gas collection and continue collecting gas for a
further 96 h. Record the cumulative total actual volume of gas collected A0 (V, in ml) 1l over the period of
96 h, noting the ambient temperature, T} (in °C), and pressure, P, (in bar), at which the collections were
made.

C.2.6 Calculate the normalized volume of gas, Vy, emitted by the new units at 20 °C and 1 bar pressure,
where:

v [V TR][P
N TA Pr

where:

V, isthe cumulative total of gas collected, in [A) ml @1;

Tgr is the reference temperature, in °K (at 20 °C Ty = 293 °K);
Ty, isthe ambient temperature, in °K (T = 273 + T,K);

P, isthe ambient pressure, in bar;

is the normalized pressure, in bar (at 1 bar, P, = 1 bar).

Therefore the above equation becomes

v [298 Va P
N 1273+ || 1

16 © BSI 2 October 2002



BS 6290-4:1997

The normalized rate of gas emission, Gy at 2.4 volts per cell, is given by:
V
Gy = — N
nxCqxt
where:

n  the number of cells in the test (12, as given in C.2.2);
C3 the rated capacity in A-h at 20 °C (see 5.1.1 and 5.1.2);

t the test duration, in h (96 h, as given in C.2.5);

therefore
Gg = A ml 1 per cell, per A'h, per h.
The above expression therefore becomes
VN

Ue = T5%C, %9

Water /

<20 mm

- .

— - Measuring
: / cylinder

Figure C.1 — Gas collection and measurement

C.3 High current endurance test

C.3.1 The three units used in this test shall be capable of giving their rated capacity, Cs, and shall be fully

charged in accordance with B.1.1.

C.3.2 Discharge each unit for 1 min at a constant current equal to 3.5 times the 5 min current specified in
Table B.2. Charge each unit in accordance with B.1.1, and then perform a capacity test in accordance
with B.1 at the Cj5 rate. Record the value of the actual capacity C,. Following the capacity test, examine
the units internally for the integrity of the group bars and current carrying parts of the top lead.

Record any indication of melting. During the test make observations to detect the absence of combustion

or self-ignition.

CAUTION. There is the risk of an explosion of the internal gas mixture with this test and it should take

place in an enclosure capable of containing explosion debris.

© BSI 2 October 2002
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Annex D (normative)
Methods of test (performance)

D.1 Capacity conformity level test
D.1.1 Introduction

The capacity conformity level test requires data at five conditions and ideally the sample size at each
condition should be as large as possible. Inevitably the procedure requires a considerable number of
expensive test pieces and the first part of this test method maximizes the data obtained from the 20 units
subjected to the test. This is achieved by subjecting the same group of units to three test discharge
conditions and correcting the measured data back to the first discharge level, as required by the standard.
Ultimately the conformity level is determined on eight pieces of standardized corrected discharge data
obtained at five conditions.

Manipulation of the test data is critical to the test procedure and this is explained by reference to the
programme of discharge tests shown in Table D.1.

D.1.2 Test procedure

Subject a group of 20 units to the capacity test specified in B.1, programmed as given in Table D.1 The
current I,; shall be the value rl, to be estimated by the manufacturer, approximating to the discharge rate
r given in Table D.1. Record the values of I in a matrix as shown in Table D.1.

The final end voltage, Urshall be 1.70 V per cell for =10 h, 8 h and 3 h rates, and 1.60 V per cellforr =1 h,
0.25 h and 0.08 h rates. Measure and record the voltage against time for the discharges and the discharge
temperatures 0;.

Plot all the voltage/time curves from the recorded data.
NOTE In practice this is most efficiently achieved by plotting curves by each subgroup Ty o

At the point where the plot intersects the value of Uy, determine the measured time rt and record this value
in a matrix as shown in Table D.1.

The measured durations r¢ have now to be converted to standardized durations rt, to standard final end
voltages Ug.

D.1.3 Calculation of the standardized durations rt, to standard final end voltages Uy,

From the measured durations rt calculate the mean duration lm(y, 2) for each subgroup. Refer the mean
duration values to Table D.2. and determine the standard final end voltage Uy, ,) for each
subgroup 1ty »)-

Refer back to the original individual voltage/time curves prepared in D.1.2 and attach the relevant
standard final end voltage value Uy, ,), and determine the standard voltage duration r¢ for each

. ; : ) : s(x, 3, 2)
discharge current, rl, given in the matrix shown in Table D.1.

The Table D.1. matrix now contains standardized voltage durations rt

2) at discharge currents r1 to the
standard final end voltages Uy,.

s(x, y,

This data rtg , » has now to be corrected for the following variables:
a) test temperature 0;. To be corrected to the reference temperature 20 °C.
b) discharge number z. Data where z = 2 and z = 4 to be corrected to the equivalent z = 1.

c) variation between main group performance rt,; and subgroup performance ry(y, 1)-
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Table D.1 — Programme of discharge tests

Unit allocation Discharge number, 2
1 2 3 4 5
Data reference| Measure | Data reference | Measure | Data reference | Measure | Data reference | Measure Data reference Measure
d data d data d data d data d data
Unit Subgroup r X, y, 2. rl rt r X, y, 2. rl rt r X, y, 2. rl rt r X, y, 2. rl rt r X, y, 2. rl rt

number, x )

1 1 3 1.1.1 10 1.1.2 3 1.1.3 0.08 |1.1.4 3 1.1.5

2 3 2.1.1 10 2.1.2 3 2.1.3 0.08 (2.1.4 3 2.1.5

3 3 3.1.1 10 3.1.2 3 3.1.3 0.08 |3.14 3 3.1.5

4 3 4.1.1 10 4.1.2 3 4.1.3 0.08 (4.1.4 3 4.1.5

5 2 3 5.2.1 8 5.2.2 3 5.2.3 0.25 (5.24 3 5.2.5

6 3 6.2.1 8 6.2.2 3 6.2.3 0.25 [6.2.4 3 6.2.5

7 3 7.2.1 8 7.2.2 3 7.2.3 0.25 |7.24 3 7.2.5

8 3 8.2.1 8 8.2.2 3 8.2.3 0.25 |8.2.4 3 8.2.5

9 3 3 9.3.1 1 9.3.2 3 9.3.3 1 9.3.4 3 9.3.5
10 3 10.3.1 1 10.3.2 3 10.3.3 1 10.3.4 3 10.3.5
11 3 11.3.1 1 11.3.2 3 11.3.3 1 11.3.4 3 11.3.5
12 3 12.3.1 1 12.3.2 3 12.3.3 1 12.3.4 3 12.3.5
13 4 3 13.4.1 0.25 (13.4.2 3 13.4.3 8 13.4.4 3 13.4.5
14 3 14.4.1 0.25 |14.4.2 3 14.4.3 8 14.4.4 3 14.4.5
15 3 15.4.1 0.25 [15.4.2 3 15.4.3 8 15.4.4 3 15.4.5
16 3 16.4.1 0.25 |16.4.2 3 16.4.3 8 16.4.4 3 16.4.5
17 5 3 17.5.1 0.08 |17.5.2 3 17.5.3 10 17.5.4 3 17.5.5
18 3 18.5.1 0.08 [18.5.2 3 18.5.3 10 18.5.4 3 18.5.5
19 3 19.5.1 0.08 |19.5.2 3 19.5.3 10 19.5.4 3 19.5.5
20 3 20.5.1 0.08 |20.5.2 3 20.5.3 10 20.5.4 3 20.5.5

NOTE ris the discharge rate, and at the 8 hour rate of discharge (r = 8) the discharge current rI = 81.

Each measured time period rt is uniquely described rt,,, .,
where

r is the discharge rate;

x is the unit number;

y is the subgroup number;

z is the discharge number.

Each subgroup of data can be described as r¢, .. The main group of data can be described as r¢,. In practice, however, this can only apply to z =1, 3, or 5.

‘7-0639 Sd
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Table D.2 — Standard final end voltage (see B.3)

Mean duration, Standard final end voltage, Mean duration, Standard final end voltage,

Tin(y.z2) Uss Ttm(y,2) Uss

h \% h A%
0.025 1.60 0.833 1.73
0.058 1.61 0.950 1.74
0.100 1.62 1.117 1.75
0.142 1.63 1.500 1.76
0.208 1.64 1.750 1.77
0.267 1.65 2.250 1.78
0.325 1.66 2.750 1.79
0.383 1.67 3.500 1.80
0.458 1.68 4.500 1.81
0.533 1.69 5.500 1.81
0.600 1.70 7.500 1.83
0.667 1.71 9.500 1.84
0.750 1.72 >9.500 1.85

NOTE If a mean value riy,, ») falls between two values of standard mean duration or is equal to the upper value, the upper value
1is used to determine the standard final end voltage.
L

D.1.4 Correction factors
1.1.4.1 Temperature (6,) corrections to durations rt
Correct the standardized durations rt, using the following formula

rtg

"9 T T3 (20, - 20)

where
rt o0 1s the standardized voltage duration corrected for temperature;
0, is the temperature measured during the test;
A 1s the value 0.006 unless otherwise specified by the manufacturer.

This correction procedure applies to all standardized durations rig ,, ) in the matrix shown in Table D.1.

D.1.4.2 Correction of z =2 & z = 4 duration data to equivalent values at z = 1

Calculate the mean durations r, 6, for z=1,3,5, and plot the values of r,.6;t, against z. If r, 6;t,
increases in value against z then deduce and apply the values of the factors to convert the z=2 and z = 4
data to their equivalent at z = 1.

If rs6.t, does not change with z, a correction factor is not necessary. If, however, r,.6t, decreases in value
against z, and a problem does not exist with the product or the charging regime in the test procedure, the
value of r, 6,t, where z = 5 shall be taken as being equivalent to the z = 1 values, and factors to correct

z =2 and z = 4 values shall be applied accordingly.

At this stage, the matrix data given in Table D.1. for discharges z = 3 and z = 5 is now redundant, and the
data in discharges z = 2 and z = 4 are all now equivalent to z = 1. The data z =2 and z = 4 does have to be
corrected for variation in subgroup performance y.
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D.1.4.3 Correction of z = 2 and z = 4 duration data for subgroup performance y

Calculate mean duration value r,, 0;¢, for z = 1. Similarly, calculate the mean duration values ry,(0;t, .
fory=1to5andz=1.
0.t

rms t7z

etty z

This subgroup correction factor =

This subgroup correction factor is applied to the Table D.1 matrlx data ry6t, . corrected for the discharge
number, but remaining in subgroups y=1to5,z=2and z =

The remaining duration data given in the Table D.1 matrix for z = 1, 2 and 4 has all been standardized to
final standard end voltages, corrected for temperature, corrected where necessary for discharge number z,
and corrected where necessary for subgroup performance y.

If the t data corrected for s, 6, y and z becomes 7T, the data available for capacity conformity calculations in
matrix Table D.1 is summarized in Table D.3.

Table D.3 — Summary of standardized, corrected duration data

Estimated Estimated Corrected, standardized duration values of rT' Samplesize,
rate, r current, r] n
10 101 [10T), , wherey=1,z=2] + 8

[107), , wherey =5, z = 4]

8 81 [8T), , wherey =2,z=2] + 8
[8T, , wherey=4,z=4]

3 31 3T, Where z=1 20

1 17 [1T), , wherey=3,z=2] + 8
[1T, , wherey =3, z=4]

0.25 0.251 [O. 25T ,wherey=4,2=2]+ 8
[0.25T, , where y =2, z= 4]

0.08 0.081 [0.08T), , wherey=5,2z=2] + 8
[0.087, , wherey=1,z=4]

D.1.5 Calculation of maximum, minimum and mean values for capacity C and duration
standard deviation o

D.1.5.1 From Table D.3 calculate the mean of rT (r,T) for all values of r.
D.1.5.2 From Table D.3 calculate the standard deviation of r, T (ro) for all values of r.

D.1.5.3 Calculate the variation of rp,t (rt,qy) for all values of r, where

_ rox1.96
r = 22 -

m™ var ,\/}_’L

and where n is the subgroup sample size given in Table D.3.

D.1.5.4 Calculate the maximum mean duration r, Tyax and the minimum mean duration r, TN, Where

rmTvax = rmT (see D.1.5.1) + r, T\, (see D.1.5.8); and
rmTMIN = rmT (see D'1'5-1) - rmTvar (See D.1.5.3).

D.1.5.5 From the values in D.1.5.4, calculate the maximum, minimum and mean capacities
rmCumax, rCyin and rp, C where r,,C = r,, T (see D.1.5.1) X rI (see Table D.3).

D.1.5.6 Using Table D.4, calculate the maximum values of r0 \jpx and the minimum value ro ypy of the
duration standard deviations ro against the sample n given in Table D.3.
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Table D.4 — Standard deviation maximum and minimum factors

Sample size Factor for maximum value Factor for minimum value
n
4 1.732 0.791
5 1.549 0.816
6 1.483 0.816
8 1.342 0.845
10 1.304 0.877
20 1.183 0.913
40 1.095 0.953
60 1.095 0.953

D.1.6 Determination of characterized values capacity Cy at standard rates R

Plot the capacity values r,C, rp,Cyiax, 7m Cyvin (see D.1.5.5) against the logarithm of the mean duration
ry,T (see D.1.5.1). For all values of r see Table D.3.

Draw the “best fit” for the mean curve which wholly or mainly lies between the maximum and minimum
values.

From the “best fit” capacity/mean duration plot, determine the characterized capacity values Cy at
discharge rates R where R = r ;7= 0.08 (5 min), 0.25 (15 min), 1 h, 3h, 8 h and 10 h.

Calculate the characterized discharge current Iy where Iz = Cy/R.

D.1.7 Determination of characterized values of capacity standard deviation oy at standard
rates R

Plot the standard deviation values ro (see D.1.5.2), royax, royin (see D.1.5.6) against the logarithm of the
mean duration r, T (see D.1.5.1) and draw the “best fit” curve for the standard deviation which wholly or
mainly lies between the maximum and minimum values.

From the “best fit” standard deviation/mean duration plot, determine the characterized capacity values og
at discharge rates R, where R = r, 7= 0.08 (5 min), 0.25 (15 min), 1 h, 3 h, 8 h and 10 h.

Convert the characterized standard deviation duration values oy into equivalent values for capacity ocgr
where

OCcR = OR X IR (see D.1.6)
D.1.8 Calculation of conformity

Calculate the minimum capacity values CR(MIN) for R=0.08 (5 min), 0.25 (15 min), 1 h, 3h, 8 hand 10 h
where

CR(MIN) = CR —(3x O'CR) (see D.1.6 and D.1.7).
Determine the conformity factor F' at the same values of R, where
Crainy — Crm
Ocr

F =3+
where

CrMm  1s the manufacturer’s claimed capacity at the rate R; and
OCR =0pR X IR'

The conformity factors F are converted into percentage conformity values by reference to the data in
Table D.5.

The percentage conformity values shall be stated at the 5 min, 15 min, 1 h, 3 h, 8 h and 10 h rates of
discharge.
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D.2 Cyclic endurance test

Perform the test on six units which, when tested in accordance with B.1 were found to have a capacity, C,,
of at least Cj.

Connect the units to a device whereby they undergo a continuous series of cycles throughout the test, each
cycle comprising:
a) a discharge for 3 h at a current of I = 0.75 I3 maintained constant within +1 %, where I3 = C4/3; and
b) a charge for 21 h immediately following the discharge, at a voltage recommended by the manufacturer

but not exceeding 2.40 V £ 0.01 V per cell, the current at the beginning of the charge being limited to
Iyiax = 1.5 I3 unless otherwise recommended by the manufacturer.

Perform the endurance test at the rate of one cycle per day.

Maintain the units at an ambient temperature of between 15 °C and 25 °C. The average ambient
temperature shall be as close to the reference temperature 20 °C as is practicably possible.

D.2.1 After 50 cycles, remove the units from the cycling device, and recharge them at 2.4 V per cell for the
period recommended by the manufacturer. On completion of the recharge, subject the units to a capacity
test in accordance with B.1. Record the actual capacity, C,, achieved.

Subject the units to another series of 50 cycles, and repeat the procedure until the actual capacity, Cy, has
fallen to less than 0.8 Cs.

D.2.2 When the performance is stated as the number of cycles to a residual capacity, C, = 0.8 Cs, the
recorded values of actual capacity, Cy, shall be plotted against the cycle endurance in 50 cycle increments.
The cycle endurance at any actual capacity level, C,, is derived from the intersection of the 0.8 Cg value
with the graph of actual capacity against cycle endurance.

Table D.5 — Percentage conformity values

Factor value Conformity Table 4 classification
Conformity Performance class
F % %

>3 >99.87 >99.9 1

<3 to > 2.326 <99.87 to =99 >99 2

<2.326 to >1.645 <99 to =95 >95 3

<1.645 to =1.282 <95 to =90 >90 4

<1.282 <90 N/Aa N/Aa

a N/A is excluded from the classification.

D.3 Charge retention test

D.3.1 Prepare, in accordance with B.1.1, six units which have undergone the rated capacity test in
accordance with B.1 and have obtained a capacity, C,, of at least C5. Ensure that the upper surface of the
cells (lids) are kept clean and dry throughout the test.

Allow the units to remain without a connected circuit for a period of 90 days, during which time the average
ambient temperature shall be (20 + 2) °C.

D.3.2 After 90 days of storage without a connected circuit, subject the units to a capacity test in accordance
with B.1.2 to B.1.8. Correct the measured capacity, Cy, in accordance with the equation in B.1.8 to obtain
the 90 day capacity value, C7,.

D.3.3 The charge retained, Cg, expressed as a percentage, is equal to
100 C',
C

a
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D.4 Internal resistance test

D.4.1 The values of internal resistance obtained in this test refer to a single unit. However, the resistance
of intercell connections shall be taken into account when calculating the internal resistance for a complete
battery.

D.4.2 Perform the test on six units which, after being submitted to the capacity test in accordance with B.1,
have been found to have a capacity, C,, of at least C,3

D.4.3 After preparation in accordance with B.1.1 place the units in a chamber at the appropriate ambient
temperature until the surface temperature of the cells or monobloc batteries reaches (20 + 2) °C.
Establish the discharge characteristic U = f(I) by determining two of its points in the following way.

a) first point, (Uy, 1)

After 20 s of discharge at the current I; = 3 I3+ 10 %, record the voltage and current to give the first
point. Interrupt the discharge after a maximum period of 25 s. Without recharging and after an open
circuit stand of between 2 min and 5 min, determine the second point.

b) second point, (Us, I5)

After 5 s of discharge at a current of I, = 9 I3 + 10 % record the voltage and current to give the second
point.

The slope of the characteristic U = f (I) determines the value of the internal resistance (R;).
From Figure D.1, it follows that
U,-U
IZ - Il

Measure the voltage at the terminals of each unit in order to ensure that no external voltage drop interferes
with the test. A suitable circuit is given in Figure D.2.

Voltage (V)

Current (/)

Figure D.1 — Discharge characteristic U =f (I)
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-

Figure D.2 — Typical test circuit

Annex E (normative)
Methods of test (durability)

E.1 Elevated temperature tests

E.1.1 Selection of test pieces

Choose at random four sample test pieces which are typical products of the current manufacture.

E.1.2 Preparation of the test pieces

Charge the selected units at the float voltage specified in 8.2.1. This float voltage shall be stated in the test
certificate. Subject the four units to the capacity test in accordance with B.1. Note the actual capacities at
the 3 h rate, C,3, which shall be not less than Cj, the rated capacity claimed at the 3 h rate.

If a unit does not achieve the claimed 3 h capacity, select four new test pieces in accordance with E.1.1. If
a second selection fails this criterion, the whole test shall be terminated.

Fully recharge the selected units.
E.1.3 Test

E.1.3.1 Support the four test pieces individually by clamps on the opposing faces of the cell or monobloc. At
no time during the test may water or electrolyte be added to units.

E.1.3.2 Text deleted

Subject the four test pieces (Ml to a capacity test at the 8 h rate to 1.84 V per cell in accordance with B.1.
Record the actual capacities at the 8 h rate, C,g, which shall be not less than Cg, the rated capacity claimed
at the 8 h rate. Fully recharge the test pieces.

E.1.3.3 Place the test pieces in hot air enclosures. Maintain the average air temperature surrounding the
pieces at 55 + 2 °C for a period of 42 days. During this period, float charge the test pieces at the float voltage
specified in 8.2.1.

NOTE The test pieces can be configured as a parallel or series circuit.

On completion of the elevated temperature period, withdraw the test pieces from the heated enclosures
and, whilst remaining on float, allow them to cool to normal ambient conditions. Fully recharge the test
pieces in accordance with B.1.1.
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E.1.3.4 Repeat the procedures specified in E.1.3.2.

Continue this cycle of testing until the actual capacities, C, recorded in E.1.3.2, are less than 0.8 C,, the
claimed rated capacity at the appropriate rate of discharge.

By plotting C, against the accumulated number of days at 55 °C, the endurance at each rate of discharge
can be determined for each test piece to a failure level of 0.8 C,. Calculate the average endurance at both
rates of discharge.

E.2 Float voltage test

E.2.1 Perform the test on a string of at least six units, which have been prepared for testing in accordance
with B.1.1. Maintain the units at an ambient temperature of (20 + 1) °C. The upper surfaces of the units
(lids) shall be kept clean and dry throughout the test.

E.2.2 Subject the units to a permanent floating charge at a voltage Up,, where Uy, is the manufacturer’s
recommended float voltage at 20 °C operation; its value should typically be in the range

of (2.23 to 2.30) X nV, n being the number of cells. Periodically interrupt the permanent floating charge by
a discharge test in accordance with B.1.2 to B.1.8.

The programme for the test shall be as follows:

day 1: place the units on permanent floating charge;

day 8:  discharge the units in accordance with B.1.2 to B.1.8, and return them immediately to
permanent floating charge;

day 11: discharge the units in accordance with B.1.2 to B.1.8, and return them immediately to
permanent floating charge;

day 91: discharge the units in accordance with B.1.2 to B.1.8, and return them immediately to
permanent floating charge;

day 183: discharge the units in accordance with B.1.2 to B.1.8.

Take measurements of ambient test temperature and the six unit float voltages U;_g just before the
discharge tests on days 8, 11, 91 and 183. Calculate the actual capacities, C,, corrected for temperature, of
each of the units for the discharge tests on days 8, 11, 91 and 183.

E.3 Pillar seal assembly test
E.3.1 Adhesive seals

Perform tests on four units which have been charged in accordance with B.1.1. Connect the four units to a
constant current power supply at a charging current of 0.033 C3. Subject the four units to 24 h cycles of the
temperature and humidity conditions shown in Figure E.1.

Perform this cycle 10 times and then inspect the external surface of the positive and negative terminal
pillars for the presence of acid. To detect acid, place drops of Congo Red indicator solution to just cover the
surface of the terminal pillar and sealing device. If no acid is detected, wash away the indicator solution
and repeat the 10 days’ cycle eight times.

E.3.2 Compression seals

The performance of the compression seal is determined during the elevated temperature test specified
in E.1 At the end of each 42 day cycle, (see E.1.3.3) examine the pillars for any witness marks indicating
electrolyte leakage. Record the time at which the leakage was observed, and continue the test until the
elevated temperature programme is concluded.

At the conclusion of the test, subject all the pillar seals to the positive pressure test specified in E.4.2.
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3h 3h 65 °C
25h 25h 25h 25h
25h 1.5h 25 °C
Temperature range: -10 °C to 65 °C
Period: 24 hours/1 cycle 05h 05h
Humidity: 90 % to 95 % (25 °C to 65 °C) 3h
-10°C

Figure E.1 — Temperature-time cycle

E.4 Mechanical stresses

E.4.1 General

Perform the tests on three units incorporating sensitive design features common to the product range
under test, and which have been charged in accordance with B.1.1. Check that all units are leak proof, both
before and after the tests, to a positive pressure recommended by the manufacturer. In the absence of a
recommendation from the manufacturer 30 kPa shall be used as the positive pressure.

Discharge test the three units in accordance with B.1, both before and after the mechanical test. Perform
the discharge test at the 5 min rate claimed by the manufacturer (see Table B.2).

E.4.2 Mechanical tests

Perform the tests at an ambient temperature between 15 °C and 35 °C on three units, testing one in
accordance with each of three parts of BS EN 60068, as follows.
BS EN 60068-2-6

Maintaining the unit in an upright position, vibrate it at 19.6 ms —2 (2 g) at an amplitude of 6 mm (peak
to peak) in three phases through 5 Hz to 150 Hz, with crossover frequency 13 Hz at one octave per min
for 30 min in each plane.

BS EN 60068-2-29
Perform the test in the vertical plane subjecting the unit to 1000 continuous bumps of 6 ms duration:
at 245 ms—2 (25 g) for units weighing up to 50 kg;
at 118 ms—2 (12 g) for units weighing between 50 kg and 100 kg;
at 59 ms2 (6 g) for units weighing between 100 kg and 250 kg.
BS EN 60068-2-32
Drop the unit twice on its base, onto a solid floor:
from a height of 100 mm for units weighing up to 50 kg;
from a height of 50 mm for units weighing between 50 kg and 100 kg;
from a height of 25 mm for units weighing between 100 kg and 250 kg.
Annex F (informative)
Electromagnetic compatibility

Rechargeable cells or batteries within the scope of this standard are not sensitive to normal
electromagnetic disturbances, and therefore no immunity tests shall be required. Free-standing
rechargeable cells or batteries electrically isolated from any associated electrical system are for all practical
purposes electromagnetically inert, and therefore any requirements for electromagnetic compatibility shall
be deemed to be satisfied.

NOTE Rechargeable cells or batteries are part of an electrical system, and the manner in which they are used could involve

considerations of electromagnetic compatibility. In such cases, requirements for electromagnetic compatibility should be
accommodated by the design of the system.
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