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EXECUTIVE SUMMARY
This report proposes dedicated test cases for testing a Battery Management System independently
from the full battery system.
Chapter one defines the functional, performance and safety requirements that shall be defined and
provided by the BMS manufacturer. A possible generic test environment for the BMS is proposed,
including a general classification of modes of operation and functional statuses.
Chapter two defines and outlines the different tests.
Chapter three gives some selected examples of how a testing rig for BMS testing could be built.
Chapter four describes an example of a performed BMS test, showing the test setup and issues
encountered during the tests.
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INTRODUCTION
A Battery Management Systems (BMS) is a key component of a battery system, in charge of
monitoring, controlling and protecting the battery system and the single cells. Due to its importance
for the overall battery safety and performance, many of the final tests done on a complete battery
system depend on the correct performance of the BMS.
Final certification and homologation tests for EV batteries are done on complete systems as they are
intended to be used in the vehicle. Tests on such batteries are expensive in terms of testing cost, as
well as considering the cost of producing the necessary samples, especially when using prototypes.
This document is a result of the further development of “D2.5 – Development of reliability test
procedures for EV BMS”.
Therefore, all defined tests have been reviewed and discussed, and some of the tests have been
carried out to verify if they are suitable. In addition, a test bench was developed to control the correct
operation of the BMS during testing permanently. This is crucial to notice failure.

1

REVIEW

D2.5

“DEVELOPMENT

OF

RELIABILITY

TEST

PROCEDURES FOR EV BMS”
1.1 DEFINITION OF TEST SAMPLE
In D2.5, some basic information of the BMS was given and the test sample was defined. This section
was concluded by proposing to test a mock-up subsidiary instead of the full system.
This is still a recommended solution since we are defining a standard for BMS systems. The exact
configuration of the system in use may differ. Thus, it is recommended that the smallest functional
setup of the BMS is tested, further this will be called “BMS minimal setup”.
This means that all the main features the BMS provides shall be active. This can include:
- System voltage measurement
- Current measurement
- Cell/Module voltage measurement
- Temperature measurement
- Interface to other units (e.g. CAN BUS or interlock lines)
- Activated contactors
- Isolation monitor
All inputs and outputs for those main features have to be in a functional mode. The actual sensors
e.g. NTC Temperature sensors or cell voltages may be simulated by the test bench as described in
section 3.2.
By this definition, the requirements of the test bench get reduced, but it is guaranteed that each
functional part of a system is tested. This leads to a pre-qualification of the BMS for use in EVs without
further testing.
The final system, as applied in the vehicle, will be approved during homologation in its final state. This
final testing has to be done anyway to prevent parameterization faults.
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1.2 DEFINITION OF OPERATING MODES AND TEST CRITERIA
For each test to be conducted, the operating mode of the DUT must be defined.
After reviewing and discussing “D2.5 Development of reliability test Procedures for EV BMS”, the
operation modes have been updated as followed:
•

•

Operating mode 1
o No supply voltage, DUT off
▪ Operating mode 1.1: no wiring connected
▪ Operating mode 1.2: external wiring (e.g. supply voltage, communication,
interlocks) and internal wiring (e.g. sensors) connected
Operating mode 2
o The DUT is electrically operated with all electrical connections made
▪ Operating mode 2.1: DUT functions are not activated (e.g. sleep mode)
▪ Operating mode 2.2: DUT in electric operation and no HV-load
▪ Operating mode 2.3: DUT in electric operation and with HV-load

The definition of the Functional Status (FS) of the system during or after each test has been updated
and is now derived from ISO 16750-1 combined with BMS specific usage:
Functional
Status

ISO 16750-1

BMS specific

A

All functions of the device/system perform as
designed during and after the test.

No error messages should occur.
The whole system, e.g. temperature and single
cell voltage measurement has to work as
specified.

B

C

All functions of the device/system perform as
designed during the test. However, one or more
of them may go beyond the specified tolerance.
All functions return automatically within normal
limits after the test. Memory functions shall
remain class A. It shall be specified by the
vehicle manufacturer which function of the DUT
must perform as designed.

The whole system, e.g. temperature and single
cell voltage measurement has to work as
specified.

One or more functions of a device/system do not
perform as designed during the test but return.

Allowed are short outages of communication or
deviations from measurement tolerances due to
load.

Functions from the BMS which are not working in
the allowed tolerance should be named by the
manufacturer in advance with reason.

All safety relevant features shall stay functional to
be able to react in an appropriate way.
D

One or more functions of a device/system do not
perform as designed during the test and do not
return.

Errors of the BMS which can be reseted by a
reboot or internal reset of the fault memory.

E

One or more functions of a device/system do not
perform as designed during and after the test
and cannot be returned to proper operation
without repairing or replacing them.

Permanent damage so that some functions are
not working anymore, or loose parts occur.

Table 1: Functional Status
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For each of the tests, the required functional status will be defined. In case of unexpected deviations
from the expected result, the manufacturer shall classify the test result and give a reasoning for the
classification. Also, the manufacturer shall define additional criteria to demonstrate that the BMS will
meet the defined specifications or safety requirements, where necessary. This should also include
detailed information on timing (how fast should a certain reaction occur) and reaction (e.g. contactor
status or CAN error messages). It shall also be defined in which state and how the system shall recover
after failure.

1.3 LIST OF TESTS
The defined test categories in D2.5 have been reviewed, and the following groups should be tested:
• Environmental tests
• Electrical tests
• Functional and safety tests
The functional and safety tests should be limited on some basic functionalities:
• Single cell over- and under-voltage
• Measurement of temperatures and protection against overuse
The reason for that is that the detection of those faults is mainly software driven and thus extremely
dependent on the final system setup. If there is a mistake in the final parametrization, the system
could work fine in the test setup but not in the final application. Those tests will be addressed during
the homologation of a complete battery pack in the ECE R-100.
The following list with excluded tests is also still valid. All tests which are strongly influenced by the
presence of the battery pack housing are therefore excluded from this test proposal:
• Tests concerning humidity
• Tests concerning dust and water tightness
• Tests verifying the delayed access to high-voltage parts
• Tests concerning electromagnetic radiation, immunity or coupling
Especially the topic of electromagnetic compliance needs awareness. It may be further discussed
which tests should be reasonably performed on BMS level to archive a basic immunity.
In the final design the electromagnetic interspearsal can be divided in two sources:
• Internal (configuration and layout of the module connectors and HV wires internally)
• External (inverter and wiring in the vehicle)
The overall compliance shall be tested on the final setup too since it is dependent on conditions like
the routing, the material of the battery housing or even a separate housing of the BMS in the battery
housing.
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2

REVIEW OF THE TEST DEFINITION

The following standards have been reviewed and used as a guideline. The list has been extended after
review. Applicable tests have been extracted to test a BMS. The adaptation of the test cases has been
made by using the experience and know-how of TÜV SÜD Battery Testing GmbH as a testing
laboratory.
•
•
•
•
•
•

UN ECE R100 rev.2: “Uniform provisions concerning the approval of vehicles with regard to
specific requirements for the electric power train”
ISO 12405-2: “Electrically propelled road vehicles — Test specification for lithium-ion traction
battery packs and systems — Part 2: High-energy applications”
ISO 12405-3: “Electrically propelled road vehicles — Test specification for lithium-ion traction
battery packs and systems — Part 3: Safety performance requirements”
IEC 62619:2017: “Secondary cells and batteries containing alkaline or other non-acid
electrolytes – Safety requirements for secondary lithium cells and batteries, for use in industrial
applications”
ISO 16750-2: “Road vehicles — Environmental conditions and testing for electrical and
electronic equipment”
ISO 26262

After testing and reviewing, the assumptions made in D2.5 can be confirmed.
The following values will be used throughout the test definitions.

Value
TBMS_min
TBMS_store_min
Tcell_min
TRT
TBMS_max
TBMS_store_max
Tcell_max
Uop_min
Uop_typ
Uop_max
Ubat_supply
Ubat+
UbatUbat_pre
Ibat
Rcell_var
Cnom

Definition
Minimum operating temperature of the BMS
Minimum storage temperature of the BMS
Minimum operating temperature of the cell
Room temperature, 23°C
Maximum operating temperature of the BMS
Maximum storage temperature of the BMS
Maximum operating temperature of the cell
Minimum operation voltage of the BMS (supply
voltage)
Typical operation voltage of the BMS (supply
voltage)
Maximum operation voltage of the BMS (supply
voltage)
Supply voltage for resistance network simulating
cell voltages
Voltage on positive battery terminal
Voltage on negative battery terminal
Voltage on pre-charge battery terminal
Simulated current for BMS current sensor
Adjustable resistance to simulate cell voltage
offset
Nominal capacity of the used battery system
Table 2: Standard test values
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The accuracy of the monitored parameters shall be at least within the following tolerances as defined
in ISO 12405.
Value
Voltage
Current
Temperature
Time
Mass

Definition
± 0.5%
± 1%
±2K
± 0.1%
± 0.1%

Table 3: Tolerances of measured and monitored parameters

When changing test temperatures, the DUT will need a certain time to reach thermal equilibration.
Thermal equilibration is defined to be reached when the deviation of all relevant measuring points is
lower than ± 2 K.
The following tests are designed to verify the requirements of the BMS and to identify potential design
weaknesses. Therefore, a small number of DUT will be sufficient to check the BMS (ref. Annex B of
ISO 16750-1). In common automotive test requirements, usually 6 DUT are required to be tested. A
lower number of DUTs can be agreed upon, but to have at least a minimum amount of statistics, more
than two DUT shall be tested.

2.1 ENVIRONMENTAL TEST SPECIFICATIONS
Based on further experience due to the performed tests, as well as internal discussions, it is useful to
always have the BMS in a functional mode. Based on the newly proposed setup this allows to
constantly monitor the correct behaviour of the BMS, which is crucial for an EV to work fine even in
harsh environmental situations.
The following environmental tests shall reproduce different expected external influences on a BMS like
thermal or mechanical stresses. After experiencing these tests, the BMS shall still be in functional
state A. These tests shall be done in sequence on all samples before using them for the “Functional
and safety tests”, defined in the next section.
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2.1.1 INITIAL TEMPERATURE CYCLING
Initial temperature cycling
Test item
Operational Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective

Validate if the BMS can withstand the stress of a thermal cycle without taking damage
and being fully functional all the time.
The tests shall be conducted with the BMS electronics with test bench to simulate the
necessary signals and voltages attached.

Test definition

Monitored signals

Test criteria

The DUT shall be thermally cycled between its maximum admissible usage temperatures.
This will, for example, simulate temperature changes during transport or usage of the
BMS. Only a few cycles will be done to verify the basic capability of the BMS to withstand
stresses due to different thermal expansion coefficients of the used materials.
1. The DUT shall be in operation mode 2.2 at TRT
2. The following thermal cycling shall be completed three times
•
Lower the environmental temperature to TBMS_min at a rate of 1 K/min.
•
Rest at TBMS_min for at least 2 hours or until the BMS is thermally stabilized
•
Rise the environmental temperature to TBMS_max at a rate of 1 K/min.
•
Rest at TBMS_max for at least 2 hours or until the BMS is thermally stabilized
3. After the last rest at TBMS_max the DUT shall be cooled down to TRT at a rate of
1 K/min
•
The environmental temperature shall be recorded
•
At least one external sensor shall be placed on the DUT and shall be recorded
•
BMS external and internal communication shall be recorded.
Required minimum Functional Status B during the whole test.
No visible damage on any part of the system.
The manufacturer shall define the expected DUT response, including the expected
functional status and expected communication and error messages if any.
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2.1.2 RAPID TEMPERATURE CHANGE
RAPID TEMPERATURE CHANGE
Test item
Operational Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective

Validate if the BMS can withstand the stress of rapid temperature change without taking
damage.

Test definition

This test may be omitted if it can be ensured that the system is not subject to rapid
temperature changes due to thermal insulation at the installation position or air
conditioning.
The tests shall be conducted with the BMS electronics with test bench to simulate the
necessary signals and voltages attached.
No additional housing of the BMS shall be used. The tests shall be done in accordance
with IEC 60068-2-14. The min. and max. temperatures should represent limit usage
temperatures and should be adjusted for this test if necessary.

Monitored signals
Test criteria

1. The DUT shall be in operation mode 2.2 at TRT
2. The temperature cycles shall be done with the following parameters:
•
Using TBMS_min and TBMS_max as limits.
•
Transition time <= 30 sec.
•
Soak time 30 minutes or until the temperature of the DUT is stabilized
•
Number of cycles: 100
3. The DUT is to be exposed to at least 100 cycles of a rapid temperature change
•
The environmental temperature shall be recorded
•
BMS external and internal communication shall be recorded.
Required minimum functional status B during the whole test.
No visible damage on any part of the system.
The manufacturer shall define the expected DUT response, including the expected
functional status and expected communication and error messages if any.
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2.1.3 MECHANICAL SHOCKS
MECHANICAL SHOCKS
Test item
Operational
Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective

Validate if the BMS can withstand shocks without interruption. It is important
that the contactors of the system stay closed during driving.
The tests are to be conducted with the BMS electronics connected to all wiring.
The DUT needs to be in operation status 2.2 for the tests. The wiring shall be
connected, and the loose wires shall be firmly secured in the test setup to
represent the later installation in a battery system as recommended by the
manufacturer.
1. The DUT shall be in operation mode 2.2 at TRT
2. The DUT shall be firmly secured to the test setup, using the mounting
points as intended by the manufacturer
3. The DUT shall be exposed to shocks in all six directions (±X, ±Y, ±Z)
using the following parameters:
• Acceleration: 500 m/s2
• Shock duration: 6 ms
• Shock: Half-sine bump
• Number of shocks per direction: 10
4. The DUT shall be exposed to 60 shocks in total.
• The acceleration over time shall be recorded
• BMS external and internal communication shall be recorded
Required minimum functional status B during the whole test.
No visible damage on any part of the system.

Test definition

Monitored
signals
Test criteria

The manufacturer shall define the expected DUT response, including the
expected functional status and expected communication and error messages if
any.

Public

16 / 38

D2.6 – Updated and improved standard reliability test procedures for BMS
Author: Stefan Menacher (TUV SUD) – February 2021
EVERLASTING - Grant Agreement 71377 (Call: H2020-GV8-2015)
Electric Vehicle Enhanced Range, Lifetime And Safety Through INGenious battery management

2.1.4 MECHANICAL VIBRATION
MECHANICAL VIBRATION
Test item
Operational
Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective
Test definition

Validate if the BMS can operates properly without interruption under vibration
The tests shall be conducted with the BMS electronics connected to all wiring.
The DUT shall be in operating mode 2.2 for the tests. The wiring shall be
connected, and the loose wires shall be firmly secured in the test setup to
represent the later installation in a battery system as recommended by the
manufacturer. The external components of the BMS setup (e.g. circuits for cell
voltages) do not need to be exposed to the vibration. The test shall be carried
out according to ISO 12405 with the following parameters:
•
•
•
•
•

Temperatures: Temperature cycle as described
Voltages: Uop_typ
The DUT shall be in operation mode 2.2
The DUT shall be firmly secured to the test setup, using the mounting
points as intended by the manufacturer.
The DUT shall be exposed to a random vibration profile in all three
directions (X, Y, Z) using the following parameters:
a. r.m.s. acceleration: 27,8 m/s²
b. Frequencies: 10-2000 Hz
c. PSD values
Frequency [Hz]
10
55
180

Public
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300
360
1000
2000
•
•

Monitored
signals

Test criteria

Public

0.25
0.14
0.14
0.14

The DUT shall be exposed to 8 hours vibration per axis.
During the vibration, the DUT shall be exposed to the following
temperature cycle

Duration [min]
Temp [°C]
0
TRT
60
TBMS_min
150
TBMS_min
210
TRT
300
TBMS_max
410
TBMS_max
480
TRT
• The acceleration over time shall be recorded
• The temperature over time shall be recorded
• The status of all applicable contactors shall be recorded
• External and internal communication of the BMS shall be recorded
No visual damage of the DUT shall occur.
Required minimum Functional Status: B
The manufacturer shall define the expected DUT response, including the
expected functional status and expected communication and error messages if
any.
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2.2 FUNCTIONAL AND SAFETY TESTS
The test procedures represent the minimum functional and safety requirements a BMS should meet.
The DUT to be tested in this section should have been tested according to environmental tests
described in chapter 2.1. to account for thermal and mechanical stresses on the DUT during its lifetime.

2.2.1 DETECTION AND PROTECTION AGAINST BATTERY OVERCHARGING
An appropriate detection of overcharging shall be implemented.
The reaction of the BMS has to be defined by the manufacturer and documentation has to be provided
to the user to ensure correct usage.
At minimal setup this will be not tested since it is in a later phase part of the homologation in
combination with the whole battery setup. Since the parameters have to be adjusted, the used
connection and cell chemistry testing at this stage are not useful.

2.2.2 DETECTION AND PROTECTION AGAINST BATTERY OVER DISCHARGING
An appropriate detection of over discharging shall be implemented.
The reaction of the BMS has to be defined by the manufacturer and documentation has to be provided
to the user to ensure correct usage.
At minimal setup this will not be tested since it is in a later phase part of the homologation in
combination with the whole battery setup. Since the parameters have to be adjusted, the used
connection and cell chemistry testing at this stage are not useful.
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2.2.3 DETECTION AND PROTECTION AGAINST SINGLE CELL OVER AND UNDER VOLTAGE
DETECTION AND PROTECTION AGAINST SINGLE CELL OVER AND UNDER
VOLTAGE
Test item
Operational Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective

BMS detecting over- and under voltage of a single cell or multiple cells in parallel and
taking protective measures
The tests are to be conducted with the following parameters:
•
Temperatures: TRT, Tcell_min, Tcell_max
•
Voltages: Uop_min, Uop_typ, Uop_max

Test definition

Monitored signals

Test criteria

Public

1. The DUT shall be in operation mode 2.2
2. The voltage signal of one cell should be manipulated until the BMS detects an
undervoltage of one cell
3. The function of the BMS shall be observed
4. The BMS shall be reset to initial Test conditions
5. The voltage signal of one cell should be manipulated until the BMS detects an
overvoltage of one cell
6. The function of the BMS shall be observed
7. The test shall be repeated for all possible combinations of parameters
•
The status of all applicable contactors shall be recorded
•
The total voltage Ubat_supply shall be recorded
•
The adjusted virtual cell-voltage shall be recorded
•
External and internal communication of the BMS shall be recorded (error codes)
The DUT is able to detect the undervoltage of the cell and prohibit further discharging.
The DUT is able to detect the overvoltage of the cell and prohibit further charging.
Required minimum Functional Status: B
The manufacturer shall define the expected DUT response, including the expected
functional status and expected communication and error messages.
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2.2.4 DETECTION AND PROTECTION AGAINST OVER CURRENT
An appropriate detection of an over current situation shall be implemented.
The reaction of the BMS shall be defined by the manufacturer and documentation has to be provided
to the user to ensure correct usage.
At minimal setup this will be not tested since the parameters have to be adjusted. The used cell
configuration and cell chemistry testing at this stage is not useful.

2.2.5 DETECTION OF A SHORT CIRCUIT
DETECTION OF A SHORT CIRCUIT
Test item
Operational Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective
Test definition

BMS detecting an activated fuse
The tests are to be conducted with the following parameters:
•
Voltages: Uop_min, Uop_typ, Uop_max

Monitored signals
Test criteria

Public

1. The DUT shall be in operation mode 2.2
2. The setup shall be adjusted to simulate a tipped fuse, usually this is done by a
switch creating an open circuit
3. The function of the BMS shall be observed
4. The test shall be repeated for all possible combinations of parameters
•
The status of all applicable contactors shall be recorded
•
External communication of the BMS shall be recorded (error codes)
The DUT shall detect the activated fuse and shall take appropriate measures as defined
by the manufacturer.
The manufacturer shall define the expected DUT response, including the expected
functional status and expected communication and error messages.
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2.2.6 MEASUREMENT OF TEMPERATURES AND OVERTEMPERATURE PROTECTION
MEASUREMENT OF TEMPERATURES AND OVERTEMPERATURE PROTECTION
Test item
Operational Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective
Test definition

BMS detecting an over and undertemperature of the system
The tests are to be conducted with the following parameters:
•
Voltages: Uop_min, Uop_typ, Uop_max
1. The DUT shall be at TRT in operation mode 2.2
2. The temperature signals shall be continuously increased until Tcell_max or until the
temperature where the BMS will react due to high temperature.
3. The BMS shall detect the over temperature and protect the battery system.
4. The temperature signal shall be brought back to TRT and operation mode 2.3
5. The temperature signals shall be continuously decreased until Tcell_min or until the
temperature where the BMS will react due to low temperature.
6. The BMS shall detect the undertemperature and protect the battery system.
7. The temperature signals shall be bought back to TRT and operation mode 2.2
8. One or more sensor signals should be increased up to Tcell_max or higher while
keeping the rest of the DUT at TRT.
9. The BMS shall detect the overtemperature and protect the battery system.
10. The temperature signals shall be bought back to TRT and operation mode 2.2
11. One or more sensor signals shall be cooled down to Tcell_min or lower while keeping
the rest of the DUT at TRT.
12. The BMS shall detect the undertemperature and protect the battery system.
13. The temperature signals shall be bought back to TRT and operation mode 2.2
14. The test shall be repeated for all supply voltages
Remark: It is not necessary to physically provide the temperatures. This can be done by
simulating the resistance of used temperature sensors.

Monitored signals

Test criteria

Public

•
The status of all applicable contactors shall be recorded
•
The temperatures on the BMS sensors shall be recorded
•
External and internal communication of the BMS shall be recorded (error codes)
The DUT shall detect the over- or undertemperature of the system or singe cells and shall
take appropriate measures, as defined by the manufacturer.
Required minimum Functional Status: B
The manufacturer shall define the expected DUT response, including the expected
functional status and expected communication and error messages.
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2.2.7 DETECTION OF INSULATION FAULTS
DETECTION OF INSULATION FAULTS
Test item
Operational
Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective
Test definition

BMS detecting an insulation fault
The tests shall be conducted with the following parameters:
• Voltages: Uop_min, Uop_typ, Uop_max
• Operating mode: 2.2
• insulation fault between UBat+ <-> GND and UBat- <-> GND
1. The DUT shall be in the defined operating mode at TRT
2. The insulation monitor shall be manipulated with a resistance to simulate
an insulation fault.
3. The BMS shall detect the insulation fault
4. The test shall be repeated for all possible combinations of parameters

Monitored
signals
Test criteria

Public

•
•

The resistance of the inserted insulation fault shall be measured
External and internal communication of the BMS shall be recorded (error
codes)
The DUT shall detect the insulation fault and shall take appropriate measures as
defined by the manufacturer.
Required minimum Functional Status: B
The manufacturer shall define the expected DUT response, including the
expected functional status and expected communication and error messages.
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2.2.8 TEST OF PRE-CHARGE FUNCTIONS
TEST OF PRE-CHARGE FUNCTIONS
Test item
Operational Mode
Test setup

BMS minimal setup
Operating mode 2.2

Test objective
Test definition

BMS detecting an abnormal pre-charge behaviour
The tests shall be conducted with the following parameters:
•
Voltages: Uop_typ
1. The DUT shall be in the defined operating mode at TRT
2. The pre-charge simulation shall be altered to simulate a too fast and a too slow
pre-charge behaviour.
3. The signal “close contactors” is sent to the BMS
4. The BMS shall detect the deviation.
•
The status of all applicable contactors shall be recorded
•
The voltage Ubat_pre shall be recorded
•
External and internal communication of the BMS shall be recorded (error codes)
The DUT shall detect abnormal pre-charge behaviour and must not close the main
contactors.
Required minimum Functional Status: B
The manufacturer shall define the expected DUT response and expected communication
and error messages.

Monitored signals

Test criteria

2.2.9 FUNCTIONAL BEHAVIOUR FOR FULL TEMPERATURE RANGE
Test will not be performed since it is included in preconditioning tests and shaker tests.

2.2.10

INTERLOCKS AND SERVICE DISCONNECT

There should also be an “interlock” functionality to ensure that all crucial connections are in place
before the battery can be activated. The inclusion of a service disconnect interface shall be given so
there is a possibility to switch off the battery safely.
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2.3 ELECTRICAL TESTS FOR BMS SUPPLY
When installed in an automotive vehicle, the BMS will be exposed to certain external disturbances
caused by the vehicle’s low voltage network. The various possible stress scenarios have been defined
by the standard ISO 16750-2 (“Road vehicles — Environmental conditions and testing for electrical
and electronic equipment – Part 2: Electrical loads”) and shall be applied to the BMS to be tested. In
order to simulate the required function, the defined minimal setup is used to operate the BMS.
The following tests shall be performed according to ISO 16750-2:
1. Direct current supply voltage
a. Operation of the DUT at minimum and maximum supply voltage
2. Overvoltage
a. Operation of the DUT with increased supply voltage
3. Superimposed alternating voltage
a. Operation of the DUT with a residual AC current on the voltage supply line
4. Slow decrease and increase of supply voltage
5. Discontinuities in supply voltage
a. Short voltage drops in the supply voltage
b. Voltage variations during and after cranking
c. Voltage spike during a load dump, e.g. due to disconnection of the 12 V battery
6. Reversed voltage
a. Simulating a falsely connected battery
7. Ground reference and supply offset
a. Simulate a ground offset for different ground/supply lines of the DUT
8. Open circuit tests
a. Simulate single & multiple line interruptions of external signal and communication lines
9. Short circuit protection
a. Simulate short circuits on signal lines
10. Withstand voltage
a. Verify dielectric withstand voltage capability of the DUT of circuits with galvanic
insulation
11. Insulation resistance
a. Ensure a minimum ohmic resistance between galvanic isolated circuits of the DUT.

2.3.1 ADVANCEMENT OF ELECTRICAL TESTS FOR BMS SUPPLY
For BMS in full electrical vehicles, the alternator will be replaced by a DC/DC converter to charge the
battery of the on-board power supply. Therefore, additional research could be done in the future if
there are additional tolerance requirements.

2.3.2 ACCURACY OF BMS MEASUREMENTS
The accuracy of the BMS measurements should be in a range that requirements of cell and
manufacturers are met. Depending on the cell and module configuration used this might differ.
There is no definition of a minimal measurement accuracy by the BMS given in existing standards like
ISO-12405 or IEC 62619.
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Based on operating experience the following accuracies for the measurement of BMS parameters are
proposed:
•

Cell Voltage: 0.01%.
Assuming a typical cell voltage from 2.5 V to 4.3 V and taking account most of the cell
datasheets have safety buffer of 5mV between the maximum allowable voltage and the cells
safety limit this would be a good value to ensure not exceeding this safety limit.

•

Current: 1%
Current limits mostly result of the cell temperature combined with an allowed peak load. Since
most of the modern BMS have dynamic current limits which adjust the allowed current to the
actual cell condition the tolerance as stated in Table 3 can be applied.

•

Voltage: 0.5%
The battery voltage is the sum of all cell voltages. Since the value can be cross checked with
the sum of all cell voltages, as well as the critical point in the battery is the single cell voltage
it is suitable to take the also the minimum tolerance of the measurement of the standard as
stated in Table 3

•

Temperature: 2°C
In accordance to Table 3.

•

Isolation resistance: 5%
The insolation resistance of an EV battery mostly exceeds the minimum resistance of
100 Ohm/V nominal voltage significantly. A low value indicates same failure which needs to be
examined but leads to no immediate danger.
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2.4 EVALUATION OF SOC & SOH PERFORMANCE (INFORMATIVE)
The reliability of the BMS in terms of SoC or SoH calculation can only be evaluated in a suitable way
using a real battery setup. Testing with a mock-up might lead to false conclusions since the function
as well as the used input parameters for algorithms might not be known or cannot be assessed by the
person in charge. The test sample shall be equipped with the designated cells since those algorithms
often use so parametrized values (e.g. OCV curve) which may differ with different cell chemistries.
When testing in full scale, a complete prototype battery is necessary to evaluate SoC and SoH
performance of the BMS.
Nevertheless, it might be interesting for BMS manufacturers as well as the users to compare different
BMS tested according to the same standard. It is considered useful to keep some assessment
guidelines for SoC and SoH prediction as part of the standard.

2.4.1 DETERMINING SOC ESTIMATION PERFORMANCE
Testing the SoC performance of a BMS is very extensive as many factors can influence the SoC
calculation. Also, the evaluation of the predicted SoC is not trivial. A general approach with a test
setup with one single cell has been published by C. Campestrini et al.: Validation and benchmark
methods for battery management system functionalities: State of charge estimation algorithms.
Details of SoC and its evaluation can be found in the EVERLASTING white paper D8.6 “EVALUATION
OF SOC ACCURACY”.
C. Campestrini et al. proposed three different synthetic load cycles to represent the different aspects
of battery behaviour [3]:
• Low-dynamic profile
• High-dynamic profile
• Long-term profile
The power profiles have been made publicly available [4] and are meant to be divided by the nominal
voltage of the cell and then scaled up to the maximum admissible current of the cell [3].
In order to get a comparable result allowing to benchmark different BMS, referenced load profiles shall
be used.
In the shown study [3], the performance of the BMS is continuously analysed and compared to the
values obtained through the cell external cell cycler. At the end of each performance test, the residual
charge is measured and compared to the estimated values of the BMS.
As the performance of the SoC algorithm is only one aspect of many to be tested, the efforts to qualify
its performance will be reduced to get a basic test result. Therefore, the proposed power profiles will
be performed in different temperature and SoC regimes while measuring the residual charge at
different steps of the cycling. The difference in the SoC calculated by the BMS and the SoC measured
by the test bench can be used to judge the quality of the BMS’S algorithm. If the SoC algorithm needs
to be validated in more detail, the in this test generated data can be used in a separate study to
optimize the BMS.
A full cycle shall be one charge -discharge cycle with CC-CV charge and CC discharge. The values shall
be chosen as specified by the cell manufacturer. The discharge of the remaining residual capacity shall
be done using the same values.
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The minimum and maximum temperature values shall be chosen in a way that the cell still allows
charging and discharging with a reasonable current. The load profile is to be scaled for the maximum
allowed currents for each temperature step.
The measured residual capacities shall be compared to the ones calculated by the BMS for each of the
different tests. The manufacturer of the BMS shall give an expected accuracy of the BMS algorithm to
compare the archived results to.
2.4.1.1 SoC test 1: Low dynamic profile
SoC test to evaluate the BMS performance for low dynamic loads shall be done, as shown in Error! R
eference source not found..

Figure 1: SoC validation with low dynamic profile

The Test shall be done at the following temperatures:
• Tcell_min
Minimum operating temperature of the cell to be used with the BMS
• TRT
Room temperature, 23 °C
• Tcell_max
Maximum operating temperature of the cell to be used with the BMS
2.4.1.2 SoC test 2: High dynamic profile
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Figure 2: SoC validation with high dynamic profile

The test with the high dynamic load profile shall be done in three different steps as illustrated in Figure
2, shortening the duration of the profile to evaluate a narrower SoC window.
The test shall be done at the following temperatures:
• Tcell_min
Minimum operating temperature of the cell to be used with the BMS
• TRT
Room temperature, 23 °C
• Tcell_max
Maximum operating temperature of the cell to be used with the BMS
2.4.1.3 SoC Test 3: Long term profile
In the work of C. Campestrini et al. it is proposed to apply the long-term profile for in total seven days
while varying the temperature within a 24h window [3]. This approach is feasible when calculating the
SoC performance continuously during cycling. As is this test approach, only the residual capacity will
be measured against the estimated SoC of the BMS. The long-term profile will be split into different
parts. First, 24 hour cycling steps at the different test temperatures shall be done to measure the
effects of different temperatures and to identify the sensitivity of the BMS algorithm to different
temperatures (Figure 3, Figure 4, and Figure 5). Then cycling of six days at all temperature levels
shall be performed (Figure 6).

Figure 3: SoC validation with 24h long time profile at Tcell_min

Figure 4: SoC validation with 24h long time profile at TRT

Figure 5: SoC validation with 24h long time profile at Tcell_max
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The temperature shall be ramped up/down with a gradient of 1 K/min. The temperature shall be
ramped down that one hour before the end of the load profile, the DUT can stabilize at TRT to deliver
a comparable value for the residual capacity.

Figure 6: SoC validation with six days long time profile at different temperatures

For the six days of cycling at different temperatures, the ramp down of temperature before the end
of the tests shall be analogue to the cycling shown before.
The measured values for the residual capacity shall be compared to the estimated SoC values of the
BMS. The manufacturer shall state which accuracy his prediction should meet.

2.4.2 DETERMINING SOH ESTIMATION PERFORMANCE
The SoH determination of the BMS gives an estimation of the state of health, indicating the current
degradation state of the battery in comparison to a new battery. The SoH does not describe a physical
value that can be verified by a direct measurement in comparison to the SoC prediction for example.
There are no fixed parameters for the determination of a SoH. Every BMS manufacturer defines his
own criteria based on the requirements and the intended use.
Since the input parameters and the intended use are unknown and may differ, there is no benefit on
adding this to a standard. It would rather be more useful that BMS manufacturers have a common
external interface where some specified data (like remaining capacity, energy throughput, time of
quick charge, …) is accessible to be able to make a special evaluation for the desired case.
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3

EXAMPLE OF A TEST BENCH SETUP

In the following, the key components of a possible test bench setup are shown as examples. In the
end it is up to each laboratory to decide an approach suitable to their know-how and technology
experience.

3.1 SINGLE CELL VOLTAGE SIMULATION
The shown test bench setup can generate 14 individual voltages of 0 V to 5 V each, and they are
connected in series. For the voltage simulation signal transmitter of type 4148 were used, which are
controlled via Modbus (see Table 4). The maximum voltage of the test bench is 58.8 V.
Signal transmitter
Manufacturer

PR electronics

Type

4184

Output galvanically isolated

Up to 2300 V AC

Output voltage [V]

0…5; 0…10; +/-5; +/-10

Output power by 5 V

12,5 mW

Maximum current [mA]

< 50 mA

tolerance:
valid for 20°C to 28°C

+/- 267 µV

Table 4: Specification of cell voltage simulation device

3.2 TEMPERATURE SIGNAL SIMULATION
The temperature signal of the NTC sensors is simulated by a potentiometer (see Table 5). Here also
some digital potentiometer may be used to be able to automatize the test procedure.
Potentiometer
Manufacturer

Bourns

Type

3590S-2-104L

Resistance

0 bis 100 kΩ

Table 5: Specification of temperature sensor simulation
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3.3 BATTERY SIMULATION BOX

Figure 7: Setup and control panel of the battery simulation box

The test bench is able to record the battery communication via CAN bus. Also, the cell voltage
simulation can be set via can messages, allowing an automated testing. In addition, there are
switchable digital outputs to control the BMS power supply for example.
Figure 7 shows the control panel of the simulation box, which allows to set the simulated cell voltages
at the signal converters. In this configuration cell 01 has a simulated voltage of 2.0 V, cell 02 a voltage
of 2.5 V. All the remaining voltages are set to 0 V.
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4

EXAMPLE OF TEST PROCEDURE

4.1 TEST SETUP SHAKER

Figure 8: Sketch of shaker setup

Climatic
chamber

Shaker

Figure 9: Shaker and climatic chamber

Measurement and fixing points
As a control strategy for the shaker, a single point control was used. This was valid since the setup
was made on a 30 mm thick aluminium plate which is considered as stiff in combination with the small
dimensions of 400 mm x 380 mm. This means that on the whole surface of the mounting plate, there
is a similar excitation. The mounting points of the BMS or BMS PCB have to be chosen as defined by
the manufacturer. They were, in the present case, directly integrated into the mounting plate. The
sensing points should be on the mounting plate as close as possible to the tested device.
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The used shaker is only useable in vertical mode. This means the mounting plate hate to be
constructed to allow tests in all spatial directions.
Mounting points M3
Acceleration sensor

Mounting Plate

Figure 10: Mounting of DUT1 on the shaker unit

Figure 10 shows the mounting of DUT1 on the fixture. The BMS was setup on 8 mm M3 spacer. The
tightening torque was 0.96 Nm. The acceleration sensor was glued central onto the fixture.
Mounting points M6
Acceleration sensor

Mounting Plate

Figure 11: Mounting of DUT2 on the shaker unit

Figure 11 shows the mounted DUT2 on the mounting plate. This device already comes with a bottom
plate from the manufacturer. This bottom was screwed with 4 M6 screws to the aluminium plate. The
tightening torque was 0,96 Nm, the acceleration sensor was again glued on a central position of the
shaker device.
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4.2 TEST RESULTS

4.2.1 DUT 1
DUT 1 was tested with a prestressed balancing resistor in the z-direction to determine the impact of
the additional mechanical stress during the tests.
Figure 12 reveals that the load under mechanical stress has severe impact on the balancing resistor
leading to a rupture of the resistor and delamination of the wire on the PCB. Without the mechanical
stress, the resistors were working without any problem for a longer period.

Figure 12: Prestressed balancing resistors before test (left image) and after the test (right image)

This behaviour reveals that the superposition of electrical and mechanical load leads to additional
stress in contrast to mechanical tests without electric load.
During the tests in the x-direction, the contactors were suddenly opened while not exceeding any
limits. Closer investigation showed that the reaction was caused by a service disconnect error. The
reason was assumed in a bad crimp contact.

Figure 13: Visualized CAN trace of the moment the BMS opened the contactors
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4.2.2 DUT 2
During the test in y-direction, there was an abnormality in the cell voltage measurement (see Figure
14). The overlaying temperature cycle was in a heating period from -40°C to 85°C. The error was
present from about 9°C to 21°C part temperature.
It is supposed that this was caused by condensate, which got on the PCB. Therefore, it was
recommended to the manufacturer that future boards should be coated with some protection against
humidity and dirt to prevent this.

Figure 14: Abnormality in cell voltage measurement

4.3 CONCLUSION
Regarding the outlined test, it could be shown that superimposing environmental stress and an electric
load on the BMS some effects can be revealed which might not be visible when performing the tests
in a non-working operation state. This is the reason why the operating state of the proposed tests has
been changed in D2.6 in comparison to the draft in D2.5.
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CONCLUSIONS
In this document, various test cases that have been defined in D2.5 have been reviewed based on
performed tests and internal discussion. A testing environment has been setup and the minimal BMS
system, on that the tests are carried out, was introduced.
This allows to generate generic results and minimizing the efforts at the same time. Moreover, some
necessary functions are demanded but not tested since they will be in the scope of the EV batteries
mandatory ECE R-100 at the final product stage.
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