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Secondary Cells and Batteries Sectional Committee, ETD 11

FOREWORD

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized
by the Secondary Cells and Batteries Sectional Committee had been approved by the
Electrotechnical Division Council.

The Advanced Chemistry Cells (ACCs) are widely used in the manufacturing of battery
packs for portable applications, industrial applications, use in e-vehicles etc. These cells shall
be tested to determine their safety and performance characteristics before installation in the
battery packs. This standard has been developed to assess the energy density and cycle life
measurements of such ACCs.

The test methods specified in this standard applies primarily to lithium-ion cells; however,
the same can also be used for testing of other chemistry cells. Any additional test conditions
for such chemistry cells shall be as specified by the manufacturer.

Assistance has been derived in the preparation of this standard from the following standards:

a) 1S 16047 (Part 3) : 2018 ‘Secondary Cells and Batteries containing Alkaline or Other
Non-Acid Electrolytes — Secondary Lithium Cells and Batteries for Portable
Applications: Part 3 Prismatic and Cylindrical Lithium Secondary Cells’

b) IS 16822 : 2019 ‘Secondary Cells and Batteries containing Alkaline or Other Non-
Acid Electrolytes — Secondary Lithium Cells and Batteries for Use in Industrial
Applications’.

c) 1S 16893 (Part 1) : 2018 'Secondary Lithium-lon Cells for the Propulsion of Electric
Road Vehicles: Part 1 Performance Testing'

d) Schedule D ‘Testing Standards’ of programme agreement for Implementation of
National Programme on ACC Battery Storage under the Production Linked Incentive
(PLI) Scheme.

The composition of the Committee, responsible for the formulation of this standard is given
at Annex A.

For the purpose of deciding whether a particular requirement of this standard is complied
with, the final value, observed or calculated, expressing the result of a test or analysis, shall
be rounded off in accordance with IS 2 : 2022 ‘Rules for rounding off numerical values
(second revision)’. The number of significant places retained in the rounded off value should
be the same as that of the specified value.
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Indian Standard

MEASUREMENT OF CYCLE LIFE AND ENERGY DENSITY FOR
ADVANCED CHEMISTRY CELLS — METHOD OF TESTS

1 SCOPE

This standard covers the method of
measurement of cycle life and energy
density for Advanced Chemistry Cells
(ACCs).

The test methods specified in this standard
applies primarily to secondary lithium ion
cells.

NOTES

1 The test methods specified in this standard
can also be used for testing of other secondary
cells falling under the definition of ACCs.

2 Additional test conditions for such secondary
cells (that is, other than secondary lithium-ion
cells), if any, shall be specified by the
manufacturer.

2 REFERENCES

The standards listed below contain
provisions which, through reference in this
text, constitute provisions of this standard.
All standards are subject to revision, and
parties to agreements based on this
standard are encouraged to investigate the

possibility of applying the most recent
editions of the standards listed below:

IS No. Title
4905: Random  Sampling and
2015 Randomization Procedures

(first revision)
3 TERMINOLOGY

For the purpose of this standard, the
following terms and definitions shall

apply:

3.1 Advanced Chemistry Cells (ACCs)
— The new generation technologies cells
that can store electric energy either as an
electrochemical or as a chemical energy
and convert it back in the form of electric
energy as and when required.

The cell technologies that demonstrate the
cycle life and energy density, as mentioned
in Table 1, will be classified as ACCs:

3.2 Energy Density — The amount of
energy stored per unit weight of a cell and
measured in Wh/kg.

Table 1 Advanced Chemistry Cells (ACCs)

(Clause 3.1)

] Cycle Life Energy Density
No. (Whrkg)

>50 >125 >200 >275 >350
1) ) ®) (4) (5) (6) ()
i) >1 000 ACCE1C1 ACCElLC2
i) >2 000 ACCE2C1 ACCE2C2 ACC E2C3
iii) >4 000 ACCE3C1 ACCE3C2 ACCE3C3 ACCE3cC4
iv) >10000 ACCE4Cl1 ACCE4AC2 ACCE4C3 ACCE4C4  ACCEACS
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3.3 Cycle life — The number of charge
and discharge cycles that a cell is able to
support at a specified Depth of Discharge
(DoD) before its capacity degrades to the
End of Life (EoL) condition.

3.4 State of Health (SoH) —The ratio of
actual capacity of a cell and the initial
rated capacity of the cell expressed as a
percentage.

3.5 End-of-life capacity (EoL) — The
minimum SoH of the cells, post which
they cannot fulfill the application's
requirements due to a significant reduction
in performance.

3.6 Room temperature — The
temperature of 25 °C + 2 °C.

3.7 Rate of Discharge (C-Rate) — A
measure of the rate at which a cell is
discharged or charged relative to its
maximum capacity for example 1 C rate
means that the discharge current will
discharge the entire cell in 1 h and in the
same cell discharging at 0.5 C would mean
that discharge current will discharge the
entire cell in 2 h.

3.8 Depth of discharge (DoD) — The
percentage of energy cycled out of the cell
on a given cycle with respect to the total
capacity of the cell. The DoD can also be
referred to as the fraction of the cell
capacity which is used in every charge and
discharge cycle.

3.9 Useable/Useful Energy — The total
cumulative energy discharged by a cell
during the entire cycle life at the specified
DoD level and EoL capacity threshold.

3.10 State of Charge (SoC) — It denotes
the capacity which is currently available as
a function of the rated capacity. The value
of the SoC varies between 0 percent and
100 percent. If the SoC is 100 percent,
then the cell is said to be fully charged,

whereas a SoC of 0 percent indicates that
the cell is completely discharged.

3.11 Power Capacity — The rate at which
the energy is delivered per unit time by the
cell and is measured in Watts.

3.12 Rated Capacity — The capacity
value of a cell determined under specified
conditions and declared by the
manufacturer.

4 GENERAL

4.1 Only cell samples which are less than
two months (60 days) old, from the date of
manufacture, shall be used for the tests
specified in this standard.

NOTES

1 Generally capacity of lithium ion cells
gradually decreases.

2 The manufacturer shall inform the date of
manufacture of the cells.

4.2 The ambient temperature shall be the
room temperature. The cells received for
testing shall be stored at a temperature of
25 °C £ 5 °C until taken up for testing.

4.3 Before each test, the cell temperature
shall be stabilized at room temperature by
soaking at a temperature of 25 °C £ 2 °C
for a minimum of 12 h.

NOTES

1 Thermal stabilization of a cell is considered
to be reached if after an interval of 1 h, the
change of cell temperature is lower than 1 °C.

2 The soaking period of 12 h may be reduced
if thermal stabilization is reached.

3 The cell temperature shall be measured either
at the body or at the terminals.

4.4 Rate of Discharge (C-Rate)

The rate of discharge at which the energy
density and cycle life tests are to be
conducted shall be under standard test
condition of 0.5 C charge and 0.5 C
discharge unless otherwise specified by the
manufacturer.



NOTE — The rate of charge/discharge
specified by the manufacturer shall not be less
than 0.5 C.

45 Charging Procedure for Test
Purposes

Prior to charging, the cell shall be
discharged at 25 °C £ 2 °C at a constant C-
rate, as per 4.4, down to a specified final
voltage as declared by the manufacturer.

The charging procedure for test purposes
shall be carried out at an ambient
temperature of 25 °C = 2 °C, using the
method declared by the manufacturer.

4.6 Mass Measurement

The mass of a cell is measured at room
temperature up to three significant figures
with the tolerances specified in 5.

4.7 Depth of Discharge (DoD)

The minimum DoD for testing shall be 80
percent. Testing at any other higher DoD
level is permissible, if declared by the
manufacturer. The cycle life and energy
density tests shall be carried out at the
same level of DoD.

5 PARAMETER MEASUREMENT
TOLERANCES

The overall accuracy of controlled or
measured values, relative to the specified
or actual parameters, shall be within the
tolerances given below:

a) + 1 percent for voltage;

b) + 1 percent for current;

c) + 2 °C for temperature;

d) + 0.1 percent for time; and
e) + 0.1 percent for mass.
NOTES

1 These tolerances take into account the
combined accuracy of the measuring
instruments, the measurement technique
used, and all other sources of error in the
test procedure.

2 The details of the instrumentation used
shall be provided while reporting the test
results.
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6 ENERGY
MEASUREMENT (in Wh)

CAPACITY

The energy capacity of a cell shall be
measured in accordance with the
following:

Step 1 — The cell shall be charged in
accordance with 4.5.

Step 2 — The cell shall be stored, in an
ambient temperature of 25 °C + 2 °C, for
the duration specified by the manufacturer
or customer.

NOTE — The cell shall be at rest period
during step 2.
Step 3 — The cell shall be discharged in an
ambient temperature of 25 °C + 2 °C at a
constant C-rate, in accordance with 4.4, to
the end-of-discharge voltage that is
provided by the cell manufacturer.

NOTE — The end-of-discharge voltage
provided by the cell manufacturer shall
correspond to at least a DoD of 80 percent, in
accordance with 4.7.

Step 4 — Measure the discharge duration
until  the specified end-of-discharge
voltage is reached. Calculate the discharge
capacity of cell expressed in Ah up to
three significant figures, by multiplying
the discharge current (A) with the
discharge duration (h).

NOTES

1 The rated capacity shall be reached within 03
discharges subsequent to the initial charge, if
not met on the first discharge. Once the rated
capacity has been met on any discharge,
further discharge cycles for capacity shall not
be continued.

2 The cell shall be considered as fail and the
test shall be terminated in case:

a) The measured capacity is less than the
rated capacity; or

b) The measured capacity exceeds the
rated capacity by more than 20 percent.

Step 5 — Average Voltage Calculation
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The value of the average voltage during
discharging shall be obtained by
integrating the discharge voltage over time
and dividing the result by the discharge
duration. The average voltage is calculated
using the following method:

Discharge voltages Ui, Uz, ... , Uy are
noted every 5 s from the time the
discharging starts and voltages that cut off
the end-of-discharge voltage in less than 5
sec are discarded. The average voltage Uawr
is then calculated in a simplified manner
using equation (1) up to three significant
figures by rounding off the result.

Uy + Upt ot Uy

Upyr = e (1)

Step 6 — The energy capacity expressed in
Wh shall be calculated using Equation (2)
up to three significant figures by rounding
off the result.

W =Cyq X Ugp o ove oo (2)
where

W = energy capacity of the
cell at room
temperature (Wh)
when discharged
underspecified
conditions;

Cq = discharge capacity
(Ah) as calculated in
Step 4;

Uavr= average voltage
during discharging
(V) as calculated in
Step 5.

7 CALCULATION OF
GRAVIMETRICENERGY DENSITY

7.1 Mass Measurement

Mass of the cell shall be measured in
accordance with 4.6.

7.2 Energy Capacity Measurement

Energy capacity of the cell shall be
determined in accordance with 6 at room
temperature.

The mass energy density shall be
calculated using equation (3) up to three
significant figures by rounding off the
result

ped = gravimetric energy
density (Wh/kg);

W = energy capacity of the
cell at room
temperature (Wh)
when discharged
underspecified
conditions;

m = mass of the cell (kg).

Process b) and c) shall be repeated five
times. The final result shall be calculated
by taking average of best three readings.

8 TEST METHOD FOR CYCLE LIFE
MEASUREMENT

A cell is generally chosen based on its
high energy density and good power
capability at the desired working voltage.
However, the reliability of a cell depends
on its ability to deliver the expected cycle
life in the long run. High discharge
currents can significantly reduce the cycle
life of cells. The following steps illustrate
the procedure for undertaking cycle life
testing through a series of charge and
discharge cycles. Before the charge and
discharge cycle test, measure the energy
capacity as the initial performance of the
cell in accordance with 6 at 25 °C + 2 °C.

8.1 Charge and Discharge Cycle



The charge and discharge cycle test shall
be performed as follows:

a) At the start of the test, cell temperature
shall be stabilized to 25 °C + 2 °C in
accordance with 4.3.

b) Test phases

Phase 1 — The cell shall be
discharged at 25 °C + 2 °C at a
constant C-rate, in accordance with
4.4, down to a specified final
voltage. The final voltage shall be
the same as that declared by the
manufacturer.

Phase 2 — The cells shall be fully
charged, in an ambient temperature
of 25 °C = 2 °C, by the method
specified by the cell manufacturer.
The charge time shall be less than 2
h for the constant current charging
step.

Phase 3 — The cell shall be
discharged, in an  ambient
temperature of 25 °C £ 2 °C at
constant C-rate, in accordance with
4.4, until its voltage is equal to the
end-of-discharge voltage that is
provided by the cell manufacturer.

NOTE — The end-of-discharge
voltage provided by the cell
manufacturer shall correspond to at
least DoD of 80 percent, in
accordance with 4.7.

Phase 4 — Phase 2 and 3 shall be
repeated until the test termination
specified in 8.1(d).

NOTE — The rest time between each

phase shall be as specified by the cell
manufacturer.

c) Periodical measurement of performance

After completion of every 100 cycles, the
energy capacity of the cell shall be
measured in accordance with 6.
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d) Termination of test

The cycle life test shall be terminated
when either of the following conditions is
satisfied.

Condition A — The test sequence from
phase 2 to phase 4 has been repeated for
equal number of cycles as declared by the
cell manufacturer.

Condition B — Energy capacity is
decreased to less than 80 percent of the
observed value in the first cycle as per step
4 of 6.

NOTE — If the voltage falls below the
lower limit specified by the cell
manufacturer during phase 3, the test shall
be discontinued notwithstanding the
stipulation in 8.1(d), and the cell
performance shall be measured at this
point as specified in 8.1(c).

9 SAMPLING
9.1 Sampling and Testing
9.1.1 Collection of Samples

9.1.1.1 For the purpose of this clause, the
definitions given in IS 4905 shall apply.

9.1.1.2 The sample size should be at least
four times the number of units required for
testing, to take into account probable
damages due to transportation and possible
repetition of tests upon failure in a test.
The number of cells required for each test
shall be 05.

Explanatory Note — If the total number of
exclusive cells required for all the tests is n,
the sample size will be n. The four samples
will totally contain 4 x n cells. Only the first
sample out of the four selected samples need
be submitted for testing. The other three sets
totaling 3 x n cells are to be kept as back up for
the above mentioned exigencies. If only five
cells are required for each test and all the tests
can sequentially be completed on those five
cells then n will be 5.

9.1.1.3 The sample should be drawn from
cells which have completed manufacture,
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inclusive of all quality assurance
programmes of the manufacturer, but
before their assembly into batteries. The
sample shall be drawn from batches which
are not more than 2 months old.

9.1.1.4 The sample shall be collected as
per method 1 in clause 8.6 of IS 4905 from
the production where the identification of
the units shall be by their serial numbers.
Random numbers for the purposes shall be
generated as per algorithm at clause 7 of
IS 4905.

Audit records as per clause 7.4 of IS 4905
shall be maintained.

9.1.2 Criteria for Acceptance

All units of a selected sample shall pass
the tests. In case a sample fails (results fall
outside the eligibility matrix) in any of the
tests, a further sample consisting of double
the number of units should be tested for all

the tests. All units of this second sample
shall pass in the tests.

9.2 Guidance on Samples used in Long
Term Aging Test Procedures

9.2.1 Cells are subject to degradation in
storage due to a variety of chemical
mechanisms, such as limited thermal
stability of materials in storage. Battery
performance can degrade during use, due
to parasitic reactions. Rates of degradation
can be related to a number of factors, such
as storage temperature or temperature
variations.

9.2.2 The effect of degradation of
performance can be estimated by real time
storage measurements or by accelerated
ageing at high temperatures.

9.2.3 Hence, the selection of cells to be
done for long term aging/cycle life testing
has to be done exclusively from the fresh
batch of manufacturing.
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ANNEX A
(Foreword)
COMMITTEE COMPOSITION

Secondary Cells and Batteries Sectional Committee, ETD 11

Organization
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Private Limited
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SHRI JASMEET SINGH
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SHRI SAHA S. P.
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SHRI O. P. SUMAN
SHRI ASHOK KUMAR RAJPUT (Alternate)

SHRI SASTE D. P.
SHRI'V. P. GoDBOLE (Alternate)

SHRI KULDEEP SINGH RANA

SHRI P. K. GARG
SHRI M. K. VERMA (Alternate)

DEPUTY CONTROLLER (E)

PROF N. KALAISELVI
DR SUNDAR MAYAVAN (Alternate)

SHRI BHATIA K. L.

SHRI MANOJ KUMAR
SHRI IMRAN MUJAWAR (Alternate)

SHRI AJAY SINGH
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SHRI RAKESH PATEL
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