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(57) Abstract: The present invention provides a system and method for balancing charge between plurality of battery packs. The system
comprises a plurality of battery packs, a plurality of battery management modules operably coupled to at least one battery pack, and
a vehicle control unit (VCU) operably coupled to all the battery management modules. Each of the battery management module is
configured to receive a State of Charge (SoC) for at least one battery pack. On receiving the SoC for one or more battery packs, the
battery management module transmits the SoC of one or more battery packs to remaining battery management modules and to the VCU.
On receiving the SoC for each battery pack, the VCU is configured to determine a difference in SoC between the plurality of battery
packs. The VCU, on determination of the difference in SoC between the plurality of battery packs, instructs the battery management
modules to allow or prohibit charge/discharge of the one or more battery packs. On receiving such instructions, the battery management
modules allow or prohibit charge/discharge of the one or more battery packs.
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TITLE OF INVENTION
A SYSTEM AND METHOD FOR BALANCING CHARGE BETWEEN PLURALITY OF

BATTERY PACKS

FIELD OF THE INVENTION
[001] The present invention relates to battery packs in a vehicle. More particularly, the
present invention relates to balancing charge between plurality of battery packs in the

vehicle.

BACKGROUND OF THE INVENTION

[002] Electric vehicles or Hybrid vehicles comprises a plurality of battery packs connected
in parallel to achieve “Range” of the vehicle. “Range” refers to a distance an electric or hybrid
vehicle can travel before the battery needs to be recharged. As the plurality of battery packs
are connected in parallel, while driving the vehicle, all the battery packs will discharge
independently and a sum of a discharge current will operate the electric motor of the
electric/hybrid vehicle. For example, when the battery packs in the vehicle are fully charged,
the State of Charge (SoC) for a first battery pack and a second battery pack is 100 percent.
Once the driver starts driving the vehicle, the battery packs start discharging and each
battery pack will discharge independently. However, there is no guarantee that all the battery
packs discharge equally during the driving and the battery packs may have different State of
Charge at the end of the driving which leads to pack-to-pack imbalance. For example, after
first phase of driving, the SoC for first battery pack is 50 percent whereas the SoC for second
battery pack is 10 percent. In this situation, if the driver continues to drive, the second battery

pack will enter a deep discharge mode and only the first battery pack will be available for
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discharging. In such a scenario, the power of the vehicle is decreased which will leads to
customer dissatisfaction. This will also result in overloading of the first battery pack and
negatively affect the life of second battery pack which is undesirable. Hence, the overall
efficiency of the vehicle is reduced.

[003] Alternatively, if the user charges the vehicle after the first phase of driving, the first
battery pack with 50 percent SoC will get fully charged first and go for overcharging. This will
also negatively affect the life of the first battery pack which is undesirable.

[004] Further, as the battery packs are connected in parallel, in case of pack-to-pack
imbalance, there is a chance of current flow between battery packs. For example, if the first
battery pack is at 50 percent SoC and the second battery pack is at 10 percent SoC, there
is a chance that the battery pack with higher SoC i.e. first battery pack charges the battery
pack with lower SoC i.e. the second battery pack which damages the second battery pack
(or battery pack with lower SoC) due to overcharging current. This will negatively affect the
life of the second battery pack which is undesirable.

[005] The pack-to-pack imbalance may be due to various reason. In one non- limiting
example, the imbalance is due to resistance of wiring harness such as lose connections
which may result in one battery pack being discharged earlier than another battery pack.
[006] In view of the foregoing, it is desirable to overcome the above-mentioned
disadvantages of the existing art by providing a system and method for balancing a charge

between plurality of battery packs in the vehicle.

SUMMARY OF THE INVENTION
[007] In one aspect of the invention, a system for balancing charge between plurality of

battery packs in a vehicle is disclosed. The system comprises a plurality of battery packs, a
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plurality of battery management modules and a vehicle control unit (VCU). Each of the
battery management modules is operably coupled to at least one battery pack. The VCU is
operably coupled to all the battery management modules. In one non-limiting example, each
of the battery management module is operably coupled to one battery pack and controls the
charging/discharging of the battery pack in accordance with instructions from the VCU. In
another non-limiting example, each of the battery management module is operably coupled
to more than one battery pack and controls the charging/discharging of the battery pack in
accordance with instructions from the VCU.

[008] Each of the battery management modules is configured to receive a State of Charge
(SoC) for at least one battery pack. On receiving the SoC for one or more battery packs, the
battery management module transmits the SoC of one or more battery packs to remaining
battery management modules and to the VCU. On receiving the SoC for each battery pack,
the VCU is configured to determine a difference in SoC between the plurality of battery
packs. The VCU, on determination of the difference in SoC between the plurality of battery
packs, instructs the battery management modules to allow or prohibit charge/discharge of
the one or more battery packs. On receiving such instructions, the battery management
modules allow or prohibit charge/discharge of the one or more battery packs.

[009] In an embodiment, the one or more battery management modules are instructed by
the VCU to discharge the one or more battery packs with higher SoC, to charge the one or
more battery packs with lower SoC. Such an instruction is provided by the VCU to the one
or more battery management modules on satisfaction of the following conditions: (a) the
difference in SoC between the plurality of battery packs is less than a first pre-determined
value, (b) an ignition switch of the vehicle is switched ON, and (c) a charger for charging the

battery packs is disconnected. In case the VCU determines that the difference in SoC
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between the plurality of battery packs is greater than the first pre-determined value, the VCU
instructs the one or more battery management modules to prohibit the discharge of one or
more battery packs with higher SoC to charge the battery packs with lower SoC.

[010] In an embodiment, the one or more battery management modules are instructed by
the VCU to discharge the one or more battery packs with higher SoC till the charge of all the
battery packs is equal. Such an instruction is provided by the VCU to the one or more battery
management modules on satisfaction of the following conditions: (a) the difference in SoC
between the plurality of battery packs is greater than a second pre-determined value, (b) the
ignition switch of the vehicle is switched ON, and (c) a charger for charging the battery packs
is disconnected. In case the VCU determines that the difference in SoC between the plurality
of battery packs is less than the second pre-determined value, the VCU instructs the one or
more battery management modules to prohibit the discharge of one or more battery packs
with higher SoC to charge the battery packs with lower SoC. Instead, the VCU instructs the
one or more battery management modules to allow all the battery packs to discharge equally.
[011] In an embodiment, the one or more battery management modules are instructed by
the VCU to charge the one or more battery packs with lower SoC prior to the charging of the
one or more battery packs with higher SoC. Such an instruction is provided by the VCU to
the one or more battery management modules on satisfaction of the following conditions: (a)
the difference in SoC between the plurality of battery packs is greater than a third pre-
determined value, (b) the ignition switch of the vehicle is switched ON/OFF, and (c) a charger
for charging the battery packs is connected to the vehicle. In case the VCU determines that
the difference in SoC between the plurality of battery packs is less than the third pre-
determined value, the VCU instructs the one or more battery management modules to

prohibit the charging of one or more battery packs with lower SoC prior to the charging of
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the one or more battery packs with higher SoC. Instead, the VCU instructs the one or more
battery management modules to allow all the battery packs to charge equally.

[012] In an embodiment, the discharging of battery packs with higher SoC is performed in
descending order of SoC.

[013] In an embodiment, the charging of battery packs with lower SoC is performed in an
ascending order of SoC.

[014] In another aspect of the invention, a method for balancing charge between plurality of
battery packs in a vehicle is disclosed. The vehicle comprises a plurality of battery packs and
a plurality of battery management modules. Each of the battery management modules is
operably connected to at least one battery pack. The VCU is operably connected to all the
battery management modules.

[015] In a first step, the method comprises receiving a SoC for at least one battery pack by
one or more battery management modules and transmitting the SoC of the at least one
battery pack to the remaining battery management modules.

[016] Inthe second step, the method comprises receiving, by the VCU, SoC for each battery
pack. The SoC for each battery pack is transmitted to the VCU by the battery management
modules.

[017] In the third step, the method comprises determining a difference in SoC between the
plurality of battery packs and instructing the one or more battery management modules to
allow charge/discharge or prohibit charge/discharge of the one or more battery packs. The
third method step is performed by the VCU.

[018] In an embodiment, the one or more battery management modules are instructed by
the VCU to discharge the one or more battery packs with higher SoC to charge one or more

battery packs with lower SoC. Such an instruction is provided by the VCU to the one or more
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battery management modules on satisfaction of the following conditions: (a) the difference
in SoC between the plurality of battery packs is less than a first pre-determined value, (b) an
ignition switch of the vehicle is switched ON, and (c) a charger for charging the battery packs
is disconnected. In case the VCU determines that the difference in SoC between the plurality
of battery packs is greater than the first pre-determined value, the VCU instructs the one or
more battery management modules to prohibit the discharge of one or more battery packs
with higher SoC to charge the battery packs with lower SoC.

[019] In an embodiment, the one or more battery management modules are instructed by
the VCU to discharge the one or more battery packs with higher SoC. Such an instruction is
provided by the VCU to the one or more battery management modules on determination of
the following conditions: (a) the difference in SoC between the plurality of battery packs is
greater than a second pre-determined value, (b) the ignition switch of the vehicle is switched
ON, and (c) a charger for charging the battery packs is disconnected. In case the VCU
determines that the difference in SoC between the plurality of battery packs is less than the
second pre-determined value, the VCU instructs the one or more battery management
modules to prohibit the discharge of one or more battery packs with higher SoC to charge
the battery packs with lower SoC. Instead, the VCU instructs the one or more battery
management modules to allow all the battery packs to discharge equally.

[020] In an embodiment, the one or more battery management modules are instructed by
the VCU to charge the one or more battery packs with lower SoC prior to the charging the
one or more battery packs with higher SoC. Such an instruction is provided by the VCU to
the one or more battery management modules on satisfaction of the following conditions: (a)
the difference in SoC between the plurality of battery packs is greater than a third pre-

determined value, (b) the ignition switch of the vehicle is switched ON/OFF, and (c) a charger
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for charging the battery packs is connected to the vehicle. In case the VCU determines that
the difference in SoC between the plurality of battery packs is less than the third pre-
determined value, the VCU instructs the one or more battery management modules to
prohibit the charging of one or more battery packs with lower SoC prior to the charging of
the one or more battery packs with higher SoC. Instead, the VCU instructs the one or more
battery management modules to allow all the battery packs to charge equally.

[021] In an embodiment, the second pre-determined value and the third pre-determined
value are same.

[022] In an embodiment, the second pre-determined value and the third pre-determined
value are different.

[023] In an embodiment, the discharging of battery packs with higher SoC is performed in
descending order of SoC.

[024] In an embodiment, the charging of battery packs with lower SoC is performed in an

ascending order of SoC.

BRIEF DESCRIPTION OF THE DRAWINGS
[025] Reference will be made to embodiments of the invention, examples of which may be
illustrated in accompanying figures. These figures are intended to be illustrative, not limiting.
Although the invention is generally described in context of these embodiments, it should be
understood that it is not intended to limit the scope of the invention to these particular
embodiments.

Figure 1 shows a block diagram of a system for balancing charge between plurality of

battery packs in a vehicle, in accordance with an embodiment of the present invention.
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Figure 2 illustrates a method for balancing charge between the plurality of battery
packs, in accordance with an embodiment of the present invention.

Figure 3A, Figure 3B and Figure 3C illustrate a method for balancing charge between
a first battery pack and a second battery pack, in accordance with an embodiment of the
present invention.

Figure 4A illustrates a graph which plots charging of a first battery pack and a second
battery pack, in accordance with the present invention.

Figure 4B illustrates a graph which plots charging of a first battery pack and a second
battery pack, in accordance with the conventional methods of charging or the existing art.

Figure 5 illustrates an exploded schematic view of a battery pack 500 in accordance

with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[026] Various features and embodiments of the present invention here will be discernible
from the following further description thereof, set out hereunder.

[027] Figure 1 is a block diagram of a system for balancing charge between plurality of
battery packs in a vehicle in accordance with an embodiment of the present invention. The
term “vehicle” in the context of the present invention includes both electric vehicle as well as
hybrid vehicles using a plurality of battery packs to operate one or more electric motors. The
term “vehicle” further include two-wheelers, three-wheelers and four wheelers.

[028] As shown, the system 10 comprises a plurality of battery packs 104a, 104b, 104c,
104d and a plurality of battery management modules 102a, 102b, 102c, 102d. Each battery

management module 102a, 102b, 102c, 102d is operatively coupled at least one battery
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pack. The plurality of battery management modules 102a, 102b, 102¢, 102d are operatively
coupled to a vehicle control unit 100.

[029] Each battery management module 102a, 102b, 102c, 102d is configured to receive
information on state of one or more battery packs 104a, 104b, 104c, 104d to which it is
operatively coupled. The information includes parameters such as State of Charge (SoC),
State of Health (SoH), temperature, voltage and current of the battery packs 104a, 104b,
104c, 104d. The information received by each battery management module 102a, 102b,
102c, 102d is communicated to the remaining battery management modules 102a, 102b,
102c, 102d and to the vehicle control unit 100.

[030] In one non-limiting example, the communication between the battery management
modules 102a, 102b, 102c, 102d and the VCU is by Controller Area Network (CAN).
However, this example should not be construed as limiting and other modes of
communication may also be used for communication between the battery management
modules and the VCU.

[031] The vehicle control unit 100 receives the information of all the battery packs 104a,
104b, 104c, 104d from the battery management modules 102a, 102b, 102c, 102d. On
receiving the information with respect to each battery pack 102a, 102b, 102c, 102d, the
vehicle control unit 100 is configured to determine a difference in SoC between the plurality
of battery packs 104a, 104b, 104c, 104d. Based on the difference in SoC between the
plurality of the battery packs 104a, 104b, 104c, 104d, the vehicle control unit 100 instructs
the one or more battery management modules 102a, 102b, 102c, 102d to allow/prohibit
charging or discharging of the one or more battery packs 104a, 104b, 104c, 104d.

[032] In an embodiment, the one or more battery management modules 102a, 102b, 102c,

102d are instructed by the VCU 100 to discharge the one or more battery packs with higher
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SoC to charge one or more battery packs with lower SoC. Such an instruction is provided by
the VCU 100 to the one or more battery management modules 102a, 102b, 102c, 102d on
determination of the following conditions: (a) the difference in SoC between the plurality of
battery packs 104a, 104b, 104c, 104d is less than a first pre-determined value, (b) an ignition
switch of the vehicle is switched ON, and (c) a charger for charging the battery packs 104a,
104b, 104c, 104d is disconnected. In case the VCU 100 determines that the difference in
SoC between the plurality of battery packs 104a, 104b, 104c, 104d is greater than the first
pre-determined value, the VCU 100 instructs the one or more battery management modules
102a, 102b, 102¢, 102d to prohibit the discharge of one or more battery packs with higher
SoC to charge the battery packs with lower SoC.

[033] In an embodiment, the one or more battery management modules 102a, 102b, 102c,
102d are instructed by the VCU 100 to discharge the one or more battery packs with higher
SoC till charge of all the battery packs 104a, 104b, 104c, 104d is equal. Such an instruction
is provided by the VCU 100 to the one or more battery management modules 102a, 102b,
102c, 102d on determination of the following conditions: (a) the difference in SoC between
the plurality of battery packs 104a, 104b, 104c, 104d is greater than a second pre-determined
value, (b) the ignition switch of the vehicle is switched ON, and (c) a charger for charging the
battery packs 104a, 104b, 104c, 104d is disconnected. In case the VCU 100 determines that
the difference in SoC between the plurality of battery packs 104a, 104b, 104c, 104d is less
than the second pre-determined value, the VCU 100 instructs the one or more battery
management modules 102a, 102b, 102c, 102d to prohibit the discharge of one or more
battery packs with higher SoC to charge the battery packs with lower SoC. Instead, the VCU
100 instructs the one or more battery management modules 102a, 102b, 102c¢, 102d to allow

all the battery packs 104a, 104b, 104c, 104d to discharge equally.
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[034] In an embodiment, the one or more battery management modules 102a, 102b, 102c,
102d are instructed by the VCU 100 to charge one or more battery packs with lower SoC
prior to charging one or more battery packs with higher SoC. Such an instruction is provided
by the VCU 100 to the one or more battery management modules 102a, 102b, 102c¢, 102d
on determination of the following conditions: (a) the difference in SoC between the plurality
of battery packs 104a, 104b, 104c, 104d is greater than a third pre-determined value, (b) the
ignition switch of the vehicle is switched ON/OFF, and (c) a charger for charging the battery
packs is connected to the vehicle. In case the VCU 100 determines that the difference in
SoC between the plurality of battery packs 104a, 104b, 104c, 104d is less than the third pre-
determined value, the VCU 100 instructs the one or more battery management modules
102a, 102b, 102c, 102d to prohibit the charging of one or more battery packs with lower SoC
prior to the charging of the one or more battery packs with higher SoC. Instead, the VCU 100
instructs the one or more battery management modules 102a, 102b, 102c, 102d to allow all
the battery packs 104a, 104b, 104c, 104d to charge equally.

[035] Figure 2 illustrates a method for balancing charge between the plurality of battery
packs in accordance with an embodiment of the present invention.

[036] At step 201, the battery management modules 102a, 102b, 102c, 102d receives a
State of Charge (SoC) for at least one battery pack 104a, 104b, 104c, 104d and transmitting
the SoC of the at least one battery pack 104a, 104b, 104c, 104d to the remaining battery
management modules. The information includes parameters such as State of Charge (SoC),
State of Health (SoH), temperature, voltage and current of the battery pack.

[037] At step 202, the VCU 100 receives, the SoC for each battery pack 104a, 104b, 104c,
104d from the battery management modules 102a, 102b, 102c¢, 102d. The VCU 100 and the

battery management modules 102a, 102b, 102c, 102d are operatively coupled to each other
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by means known in the art. In one non-limiting example, the VCU and the battery
management modules are operatively coupled to each other via Controller Area Network
(CAN).

[038] At step 203, the VCU 100 determines a difference in the SoC between the plurality of
battery packs 104a, 104b, 104c, 104d and instructing, based on the difference in SoC, one
or more battery management modules 102a, 102b, 102¢, 102d to charge or discharge the
one or more battery packs 104a, 104b, 104c, 104d as per method step 204, method step
205 or method step 206.

[039] At step 204, the VCU 100 instructs the one or more battery management modules
102a, 102b, 102c, 102d to allow discharge of one or more battery packs with higher SoC to
charge one or more battery packs with lower SoC. In an embodiment, such an instruction is
provided by the VCU 100 to the one or more battery management modules 102a, 102b,
102c, 102d on determination of the following conditions: (a) the difference in SoC between
the plurality of battery packs 104a, 104b, 104c, 104d is less than a first pre-determined value,
(b) an ignition switch of the vehicle is switched ON, and (c) a charger for charging the battery
packs 104a, 104b, 104c, 104d is disconnected. In case the VCU 100 determines that the
difference in SoC between the plurality of battery packs 104a, 104b, 104c, 104d is greater
than the first pre-determined value, the VCU 100 instructs the one or more battery
management modules 102a, 102b, 102c, 102d to prohibit the discharge of one or more
battery packs with higher SoC to charge the battery packs with lower SoC.

[040] At step 205, the VCU 100 instructs the one or more battery management modules
102a, 102b, 102c, 102d to allow discharge of one or more battery packs with higher SoC till
charge of all battery packs is equal. In an embodiment, such an instruction is provided by

the VCU 100 to the one or more battery management modules 102a, 102b, 102c, 102d on
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determination of the following conditions: (a) the difference in SoC between the plurality of
battery packs 104a, 104b, 104c, 104d is greater than a second pre-determined value, (b) the
ignition switch of the vehicle is switched ON, and (c) a charger for charging the battery packs
104a, 104b, 104c, 104d is disconnected. In case the VCU 100 determines that the difference
in SoC between the plurality of battery packs 104a, 104b, 104c, 104d is less than the second
pre-determined value, the VCU 100 instructs the one or more battery management modules
102a, 102b, 102¢, 102d to prohibit the discharge of one or more battery packs with higher
SoC to charge the battery packs with lower SoC. Instead, the VCU 100 instructs the one or
more battery management modules 102a, 102b, 102c, 102d to allow all the battery packs
104a, 104b, 104c, 104d to discharge equally.

[041] At step 206, the VCU 100 instructs the one or more battery management modules
102a, 102b, 102c¢, 102d to allow charging of one or more battery packs with lower SoC prior
to charging one or more battery packs with higher SoC. In an embodiment, such an
instruction is provided by the VCU 100 to the one or more battery management modules
102a, 102b, 102c, 102d on determination of the following conditions: (@) the difference in
SoC between the plurality of battery packs 104a, 104b, 104c, 104d is greater than a third
pre-determined value, (b) the ignition switch of the vehicle is switched ON/OFF, and (c) a
charger for charging the battery packs is connected to the vehicle. In case the VCU 100
determines that the difference in SoC between the plurality of battery packs 104a, 104b,
104c, 104d is less than the third pre-determined value, the VCU 100 instructs the one or
more battery management modules 102a, 102b, 102c¢, 102d to prohibit the charging of one
or more battery packs with lower SoC prior to the charging of the one or more battery packs

with higher SoC. Instead, the VCU 100 instructs the one or more battery management



10

15

20

WO 2023/144835 PCT/IN2022/051069

14
modules 102a, 102b, 102c, 102d to allow all the battery packs 104a, 104b, 104c, 104d to
charge equally.

[042] Figure 3A, Figure 3B and Figure 3C illustrate a method for balancing charge between
a first battery pack and a second battery pack in accordance with an embodiment of the
present invention.

[043] As shown, step 301 indicates that an ignition switch of a vehicle is switched ON. On
switching ON the ignition switch of the vehicle, a first battery management module (BMM1)
402a, a second battery management module (BMM2) 402b and a Vehicle Control Unit (VCU)
400 are also switched on. The first battery management module (BMM1) 402a is operatively
coupled to the first battery pack 402a and the second battery management module (BMM2)
402b is operatively coupled to the second battery pack 404b. Both the first battery
management module (BMM1) 402a and the second battery management module (BMM2)
402b are operatively coupled to the VCU 400.

[044] At step 302, a first battery management module (BMM1) 402a receives State of
Charge (SoC1) of the first battery pack 404a and transmits it to the second battery
management module (BMM2) 402b and the VCU 400.

[045] At step 303, the second battery management module (BMM2) 402b receives State of
Charge (SoC2) of second battery pack 404b and transmits it first battery management
module (BMM1) 402a and the VCU 400.

[046] On receiving the SoC1 of the first battery pack 404a and the SoC2 of the second
battery pack 404b, the VCU 400 determines if there is a difference between SoC1 and SoC2

as shown in step 304.
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[047] Inan eventof nodifference in SoC between the first battery pack 404a and the second
battery pack 404b i.e. the SoC1 for first battery pack 404a is equal to the SoC2 for the second
battery pack 404b, the BMM 1 and BMM 2 will await charge/discharge input from the VCU.

[048] In an event of difference in SoC between the first battery pack and the second battery
pack, the VCU will determine whether the difference in the SoC between the first battery
pack 404a and the second battery pack 404b is greater than a first pre-determined value as
shown in step 305. The first pre-determined value is allowable range of difference in SoC
which is generally set by the manufacturer.

[049] In an event, when the difference in SoC between the first battery pack 404a and the
second battery pack 404b is less than the first pre-determined value, the VCU 400 instructs
the battery management module operatively coupled to the battery pack with higher SoC to
charge the battery pack with lower SoC as shown in step 306. For example, the first battery
pack 404a has 80 percent SoC and the second battery pack 404b has 60 percent SoC and
the first pre-determined value/allowable range is set as 40. In such a scenario, the BMM1
will allow the first battery pack 404a to charge the second battery pack 404b. The first battery
pack 404a may charge the second battery pack 404b till the charge of both the battery packs
is equal.

[050] In an event, when the difference in SoC between the first battery pack 404a and the
second battery pack 404b is greater than the first pre-determined value, the VCU 400
instructs the battery management module operatively coupled to the battery pack with lower
SoC to prohibit the charging of the battery pack with lower SoC till a charge input is received
by the VCU 400 as shown in step 307. This is a safety measure to avoid high current from
the battery pack with higher SoC. In an embodiment, the charge port of the battery pack with

lower SoC is switched off to avoid charging of the battery pack with lower SoC.
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[051] For example, the first battery pack 404a has 80 percent SoC and the second battery
pack 404b has 10 percent SoC and the first pre-determined value is set as 40. In such a
scenario, the BMM2 402b will prohibit the charging of the second battery pack 404b by the
first battery pack 404a. The charging of second battery pack shall take place only upon
charge input from the VCU 400.

[052] At step 308, both BMM1 402a and BMM2 402b awaits charge/discharge input from
the VCU. At step 309, the VCU 400 awaits input from a charger for charging the battery
packs. At step 310, the VCU 400 detects if the charger for charging the first battery pack
404a and second battery pack 404b is connected.

[053] In an event that the charger is connected, the VCU sends charging signals to the
BMM1 402a and BMM2 402b as shown in step 311. At step 312, the VCU 400 again
determines a difference in SoC between the first battery pack 404a and the second battery
pack 404b and determines whether the difference in SoC is greater than a second pre-
determined value. In an event that the difference in SoC between the first battery pack 404a
and the second battery pack 404b is greater than the second pre-determined value, the VCU
400 will instruct the battery management module with lower SoC to charge prior to the battery
management module with higher SoC as shown in step 313. For example, the first battery
pack 404a has 80 percent SoC and the second battery pack 404b has 30 percent SoC and
the second pre-determined value is set as 40. In such a scenario, the VCU 400 will instruct
the BMM2 to charge the second battery pack 404b prior to instructing the BMM1 to charge
the first battery pack 404a. In an event that the difference in SoC between the first battery
pack 404a and the second battery pack 404b is less than the second pre-determined value,
the VCU 400 will instruct both the battery management modules BMM1 and BMM2 to charge

equally as shown in step 314. For example, the first battery pack has 80 percent SoC and
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the second battery pack has 60 percent SoC and the first pre-determined value range is set
as 40. In such a scenario, the VCU 400 will instruct BMM1 and BMM2 to charge the battery
pack 1 and battery pack 2 equally.

[054] In an event that the charger is disconnected, the VCU sends discharging signals to
the BMM1 and BMM2 as shown in step 315. At step 316, the VCU 400 again determines a
difference in SoC between the first battery pack 404a and the second battery pack 404b and
determines whether the difference in SoC is greater than a third pre-determined value. In an
event that the difference in SoC between the first battery pack 404a and the second battery
pack 404b is greater than the third pre-determined value, the VCU 400 will instruct the battery
management module with higher SoC to discharge till charge of both the battery packs is
equal as shown in step 317. In one non-limiting example, BMM1 will enter into a discharge
mode and BMM2 will be on sleep mode till the charge of both the battery packs is equal. For
example, the first battery pack 404a has 80 percent SoC and the second battery pack 404b
has 30 percent SoC and the third pre-determined value is set as 40, the VCU 400 will instruct
the BMM2 to discharge the first battery pack 404a till the charge of the first battery pack 404a
and the second battery pack 404b is equal. In an event that the difference in SoC between
the first battery pack 404a and the second battery pack 404b is less than the third pre-
determined value, the VCU 400 will instruct both the battery management modules BMM1
and BMM2 to equally discharge the first battery pack 404a and the second battery pack 404b
as shown in step 318. For example, the first battery pack has 80 percent SoC and the second
battery pack has 60 percent SoC and the third pre-determined value range is set as 40, the
VCU will instruct BMM1 and BMM2 to discharge the battery pack 1 and battery pack 2

equally.



10

15

20

WO 2023/144835 PCT/IN2022/051069

18
[055] In an embodiment, the second pre-determined value and third pre-determined value
are same. In another embodiment, the second pre-determined value and third pre-
determined value are different.

[056] In an embodiment having three or more battery packs, the discharging of battery
packs with higher SoC is performed in descending order of SoC. In an embodiment having
three or more battery packs, the charging of battery packs with lower SoC is performed in
an ascending order of SoC.

[057] Figure 4A illustrates a graph which plots charging of a first battery pack and a second
battery pack in accordance with the present invention. As shown, within a time span of 6
hours both the battery packs are equally charged and thus eliminates pack to pack imbalance
and maintains vehicle performance and range.

[058] Figure 4B illustrates a graph which plots charging of a first battery pack and a second
battery pack in accordance with the conventional methods of charging or the existing art. As
shown, within a time span of 6 hours both the battery packs have different SoC’s and the
imbalance increases over the period of time which is undesirable and negatively affects the
performance and range of the vehicle.

[059] Figure 5 illustrates an exploded schematic view of a battery pack 500 in accordance
with an embodiment of the present invention.

[060] The battery pack 500 consists of one or more battery units 502 and each of the battery
unit 502 has plurality of battery cells in it. The battery cells in each battery unit 502 are
connected in series and parallel using a plurality of interconnectors 504.The battery pack
500 comprises top cover 506, bottom cover 508 and side covers 510 to secure the battery
pack 500. The battery pack 500 has a Battery Management Module 512 to protect and

control the battery parameters. The Battery Management Module 512 monitors each battery
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cell and protect it from over voltage, over current and over charge/discharge conditions. The
battery pack also comprises a signal Printed Circuit Board 514 connected to the Battery
management module 512 via connector (not shown). It is to be understood that the battery
pack illustrated in Figure 5 comprises other components which are already known to a
person skilled in the art and therefore a detailed explanation with respect to the same has
not been provided. It is also to be understood that battery packs discussed in Figure 1-4
have similar construction as disclosed in Figure 5.

[061] Advantageously, the present invention avoids pack to pack imbalance between
plurality of battery packs in the vehicle thereby improving the performance of the vehicle.
The life of the battery packs is also increased as overcharging or deep discharging of battery
packs is avoided.

[062] While the present invention has been described with respect to certain embodiments,
it will be apparent to those skilled in the art that various changes and modification may be

made without departing from the scope of the invention as defined in the following claims.
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CLAIMS:
1. A system for balancing charge between plurality of battery packs (104a, 104b, 104c,
1044d) in a vehicle, the system comprising:
- a plurality of battery management modules (102a, 102b, 102c, 102d) wherein each
5 battery management module is configured to receive a State of Charge (SoC) for at
least one battery pack and transmit the SoC of the at least one battery pack to the
remaining battery management modules;
- avehicle control unit (100) in communication with the plurality of battery management
modules (102a, 102b, 102c, 102d) and configured to:
10 e receive the SoC for each battery pack from the battery management modules
(102a, 102b, 102c, 102d);
e determine a difference in the SoC between the plurality of battery packs (104a,
104b, 104c, 104d); and
e instruct, based on the difference in SoC, one or more battery management
15 modules (102a, 102b, 102c, 102d) to:
= discharge (206) one or more battery packs with higher SoC to charge one
or more battery packs with lower SoC; or
= discharge (208) one or more battery packs with higher SoC till charge of all
battery packs is equal; or
20 = charge (210) one or more battery packs with lower SoC prior to charging

one or more battery packs with higher SoC.
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2. The system for balancing charge as claimed in claim 1, wherein the one or more battery
management modules (102a, 102b, 102c¢, 102d) allows the discharge of one or more
battery packs with higher SoC to charge the one or more battery packs with lower SoC
upon satisfaction of the following conditions:
5 - the difference in SoC between the plurality of battery packs is less than a first pre-
determined value; and
- anignition switch of the vehicle is switched ON; and

- acharger for charging the battery packs is disconnected.

10 3. The system for balancing charge as claimed in claim 2, wherein the one or more battery
management modules (102a, 102b, 102¢, 102d) prohibits the discharge of battery packs
with higher SoC to charge the battery packs with lower SoC when the difference in SoC

between the plurality of battery packs is greater than a first pre-determined value.

15 4. The system for balancing charge as claimed in claim 1, wherein the one or more battery
management modules (102a, 102b, 102c¢, 102d) allows the discharge of one or more
battery packs with higher SoC upon satisfaction of the following conditions:

- the difference in State of Charge between the plurality of battery packs is greater than
a second pre-determined value; and
20 - anignition switch of the vehicle is switched ON; and

- acharger for charging the battery packs is disconnected.

5. The system for balancing charge as claimed in claim 4, wherein the one or more battery

management modules (102a, 102b, 102c, 102d) prohibits the discharge of one or more
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battery packs with higher SoC when the difference in SoC between plurality of battery
packs is less than a second pre-determined value and allows all the battery packs to

discharge equally.

. The system for balancing charge as claimed in claim 1, wherein the one or more battery

management modules (102a, 102b, 102c, 102d) allows the charging of one or more
battery pack with lower SoC prior to charging of the one or more battery packs with higher
SoC upon satisfaction of the following conditions:
- the difference in SoC between the plurality of battery packs is greater than a third
pre-determined value; and
- an ignition switch of the vehicle is switched ON/OFF; and

- acharger for charging the battery packs is connected.

. The system for balancing charge as claimed in claim 6, wherein the one or more battery

management modules (102a, 102b, 102c, 102d) prohibits the charging of one or more
battery pack with lower SoC prior to charging of the one or more battery packs with higher
SoC when the difference in SoC between the plurality of battery packs is less than a third

pre-determined value and allows all the battery packs to charge equally.

. The system as claimed in claim 1, wherein discharging of battery packs with higher SoC

is performed in descending order of State of Charge (SoC).

. The system as claimed in claim 1, wherein charging of battery packs with lower SoC is

performed in an ascending order of State of Charge (SoC).
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10. A method for balancing charge between plurality of battery packs (104a, 104b, 104c,
104d) in a vehicle wherein the vehicle comprises a plurality of battery management
modules (102a, 102b, 102c, 102d) and a vehicle control unit (100) in communication with

5 the plurality of the battery management modules (102a, 102b, 102c, 102d), the method
comprising:

- receiving (200), by the battery management module, a State of Charge (SoC) for at
least one battery pack and transmit the SoC of the at least one battery pack to
remaining battery management modules;

10 - receiving (202), by the control unit, the SoC for each battery pack from the battery
management modules;

- determining (204), by the control unit, a difference in the SoC between the plurality of
battery packs and instructing, based on the difference in SoC, one or more battery
management modules to:

15 o discharge (206) one or more battery packs with higher SoC to charge one or
more battery packs with lower SoC; or
o discharge (208) one or more battery packs with higher SoC till charge of all
battery packs is equal; or
o charge (210) one or more battery packs with lower SoC prior to charging one

20 or more battery packs with higher SoC.



WO 2023/144835 1/7 PCT/IN2022/051069
10~
\\ Vehicle Control
‘\_w Unit {VCU) {100}
e
3 * ¥
Battery Battery Battery Battery
Management Management Management Management
Module 1 Module 2 Module 3 Module 4
{1023} {102hj {102¢} {102d)
h r I
Batitery Pack 1 Battery Pack 2 Battery Pack 3 Battery Pack 4
{1043} {104b) {104c} {104d)

Figure 1




WO 2023/144835 2/7 PCT/IN2022/051069

203

206

200 — ;
. Receiving, by a battery management module, a State of Charge {Sol} for
S at least one battery pack 104a, 104b, 104c, 1044 and transmit the SoC of @_.,r“‘“ml
the at least one battery pack 104a, 104h, 104c, 104d to remaining
battery management modules
Receiving, by a vehicle control unit 100, the SoC for each battery pack 202
104a, 104h, 104c, 104d from the battery managemsnt moduales 1023, |~
102b, 102, 102d
Determining, by the vehicle control unit 100, a difference in the Sof between the plurality of |
battery packs 104a, 104h, 104c, 184d and instructing, based on the difference in SoC, one or
more battery management modules 1043, 104b, 104c, 104d to:
=204 ~~205 l
< 2 v -
discharge one or more charge one or more battery

discharge one or more
biattery packs with higher SaC
till charge of all battery packs
is equal

packs with lower Sol prior
to charging one or more
Battery packs with higher
S6C

battery packs with higher
SoC to charge one or more
battery packs with lower
SoC

Figure 2



WO 2023/144835 3/7

PCT/IN2022/051069

e 301

fgnition OM

b

302

ey

First Battery Management Module {BMM1}
{402a) communicates State of Charge {SoC1} of
Battery Pack 1 {404a] to Second Battery
Management Module {4025} and WVCU {400}

Second Battery Management Module [BMM2)
| {402k} communicates State of Charge {5oCZ} of
) Battery Pack 2 {404b) to Second Battery
Management Module {402a) and VCU 400

¥
l
i
i

Vehicle Control Uit {VCU} {400}

- 304
NO T sthe . YES
e 50(1=50C27 o
-
a0 o
N (M~

Figure 34

303

-



WO 2023/144835 4/7

—
ij,,p .,

> (A1 )

g™

«*"t-“::‘vw \\K‘-\ jf
7 500l T

PCT/IN2022/051069

S

e ~a,
A2 2
—

N ammar!

\
~306

A

Battery Pack with higher SoC

" SaCZ>First Pre- \\“‘n YES charges the Battery Pack with lower
,\\\\ determined e » s0C
\\h‘"\\ . Value P
Mi - “
{NO 307 - 308
Er f{ v
Charging of battery Pack with BMM 1and BMM2 awaits |
jowest SoC is prohibited by charge/discharge input from VCU
VL
o 309
VCU awaits input fromthe | s
charger
.fwv""“w-“"“\\
Figure 3B N B1 :




WO 2023/144835

5/7

PCT/IN2022/051069
AN
300 Bl
B e
N 3 - 310
_WYES “““ _(fv——""""ﬁ ts charger i
T comnected? e
R _9_,.-»1“3' i
h ; [ o ~- 315
311 hY YCU sends charging signals to WU sends discharging signals |/
BM&T 1 {4023} and BMM 2 {302b} to BMM 1 and BMM 2
i
P e 312 PN 316
15 50C 1_\\\ P s S0 A
T SoC2>Third Pre- f,ff"[ SoC2»Second ™
— determined e ~ Pre-determined
«\\\xx Value? e 114 \“'a.\\ Value? 318
e, e - Ry o i
\\\\‘ e jx . - //
™ A ™ I
Rattery Pack with lower Battery Pack with higher 317
Sof will charge prior to Y 313 Battery Packs will Sol will discharge till i Battery Packs will
battery pack with higher charge equally charge of all battery packs | discharge equally
SaC iz equat

Figure 3C



WO 2023/144835 6/7 PCT/IN2022/051069

Figure 48 Figure 48



WO 2023/144835 11 PCT/IN2022/051069

500

Ty

57
.

514 510

o

Figure 5



INTERNATIONAL SEARCH REPORT

Intemational application No.

PCT/IN2022/051069

A, CLASSIFICATION OF SUBJECT MATTER

B601L58/22,B60L58/13,H01M10/44 Version=2023.01

According to International Patent Clagsification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B60L, HOIM

Minimum documentation searched {classification system followed by classification symbols)

Documeniation searched other than minimum decumentation to the extent that such documents are inchuded in the fields searched

DATABASES:
KEYWORDS:

PatSeer,

Battery, charge, balance,

IPO Internal Database,
management,

Electronic database consulted dudng the international search (name of database and, where practicable, search terms used)

WIPO Patentscope
transmit, control

. DOCUMENTS CONSIDERED TO BE RELEVANT

1-10]

Category* Citation of document, with indication, where appopnate, of the relevant passages Relevant to claim No.
X US20190356025A1 (LG Energy Solution Ltd) 21 1-10
November 2019(21-11-2019) [abstract, paragraphs
[0011]-[0028], [0040]-[0206], claims 1-14, figures
1-10]
A US20190168632A1 (BYD Co Ltd) 06 June 2019 1-10
(06-06-2019) [abstract, paragraphs
[0010]-[0019], [0030]-[0139], claims 1-20, figures

E::::} Further documents are listed in the continuation of Box C.

M See patent family annex.

* Special categories of cited documeuts:

“A”  document defining the general state of the art which is not considered

to be of particular relevance

document cited by the applicant in the international application

“E”  carlier application or paieni but published on or after the infernational
fiting date

“L”  document which may throw doubts on priotity claim(s) ot which
ig cited to establish the publication date of another citation or other
special reason (as specified)

“07  documentreferring to anoraldisclosure, use, exhibitionorother means
“P” document published prior to the international filing date but later than

the priority date claimed

T later document published after the international filing date or priority
iate and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
cousidered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y” document of particular relevance; the claimed invention camnct
be considered o involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” docoment meniber of the same patent family

Date of the actual completion of the international search

31-01-2023

Date of mailing of the international search report

31-01-2023

Name and mailing address of the [SA/

Indian Patent Office
Plot No.32, Sector 14,Dwarka,New Delhi-110075

Facsimile No.

Authorized officer

Vipin Kumar

Telephoue No. 491-1125300200

Form PCT/ISA/210 (second sheet) (July 20622)




INTERNATIONAL SEARCH REPORT

Information on patent family members

interunational application No.

PCT/IN2022/051069

Citation Pub.Date Family Pub.Date
US 20190356025 Al 21-11-2019 KR 20190036242 A 04-04-2019
CN 110249475 A 17-09-201¢9
EP 3579327 Al 11-12-201¢9
JP 2020508027 A 12-03-2020
WO 2019066214 Al 04-04-2019
US 20190168632 Al 06-06-2019 CN 107696863 A 16-02-2018
WO 2018028518 Al 15-02-2018
JP 2019525711 A 05-09-201¢9
EP 3498521 Al 19-06-2019

Form PCT/ISA/210 (patent family annex) (July 2022}




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

