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APPARATUS, SYSTEM AND METHOD FOR CHARGING A BATTERY

FIELD OF THE INVENTION

[00061]  The present disclosure relates to an apparatus, a system and a method for charging

an electric vehicle having a battery.
BACKGROUND ART

[0002] The following discussion of the background to the disclosure is intended to
facilitate an understanding of the present disclosure only. It should be appreciated that the
discussion is not an acknowledgement or admission that any of the material referred to was
published, known or part of the common general knowledge of the person skilled in the art in

any jurisdiction as at the priority date of the disclosure.

[0003]  Charging stations including at least one charging pile for charging a battery of an
electric vehicle have been proposed. In the case where the electric vehicle requires relatively
higher power to drive, the electric vehicle may include multiple charging sockets or ports.
Each of the sockets of the electric vehicle is connected to a Power Line Communication (PLC)
module for power line communication with a charging pile. Therefore, an electric vehicle
having multiple charging sockets will have a corresponding number of PLC modules. Such
a configuration complicates charging logic and fault handling of a charging station connected
to the multiple sockets of the electric vehicle. As a result, failure rate of the charging station
is high and reliability of the charging station is low. A large number of PLC modules also
adds to the cost of the electric vehicle. There exists a need to alleviate at least some of the

aforementioned problems.
SUMMARY

[0004]  The present disclosure seeks to address and/or ameliorate the problem in the prior

art by providing an apparatus, a system and a method for charging a battery.

[0005] Throughout this document, unless otherwise indicated to the contrary, the terms
‘comprising’, ‘consisting of’, ‘having” and the like, are to be construed as non-exhaustive, or

in other words, as meaning ‘including, but not limited to’.
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[0006] Furthermore, throughout the document, unless the context requires otherwise, the
word “include’ or variations such as “includes’ or “including” will be understood to imply the
inclusion of a stated integer or group of integers but not the exclusion of any other integer or

group of integers.

[6607] According to one aspect of the disclosure, an apparatus for charging a battery,
comprising a first charging device configured to communicate with at least one second
charging device, the first charging device and the at least one second charging device
configured to charge the battery; and comprising a first controller configured to control the
first charging device, wherein the first controller determines the number of the at least one

second charging devices by communicating with a second controller.

[0008] In some embodiments, when the first controller receives data including a first
power data to charge the battery, and determines a second power data based on the number
of the at least one second charging devices, the second power data used for each of the at least

one second charging device.

[6009] In some embodiments, the first charging device comprises a charging member for
interfacing with a plurality of sockets, wherein the charging member is configured to be

inserted into at least one corresponding socket of an electrical apparatus.

[0010] In some embodiments, the second power data is derived or calculated by dividing

the first power data by the number of the at least one second charging devices.

[0011] In some embodiments, in the case where the second power data exceeds a power

threshold value, the first controller sets the second power data to the power threshold value.

[0012] In some embodiments, the electric apparatus is an electric boat, an electric ferry,

an electric car, or an electric truck.

[0013] In some embodiments, a communication between the apparatus and the electric

apparatus is performed by a Power Line Communication (PLC).

[0014] In some embodiments, a communication between the first charging device and
the at least one second charging device is performed by a Controller Area Network (CAN)

communication.
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[0615] According to one aspect of the disclosure, a system comprises an apparatus and a
server configured to communicate with at least one of the plurality of charging devices and

to store data provided from at least one of the plurality of charging devices.

[0016] According to one aspect of the disclosure, a system comprises an apparatus and a
device configured to communicate with at least one of the plurality of charging devices and

to authenticate a user.

[0017} According to one aspect of the disclosure, a system comprises an apparatus,

wherein the apparatus further comprises the at least one second charging device.

[0018] According to one aspect of the disclosure, a system comprises an apparatus and

the electric apparatus.

[0019] According to one aspect of the disclosure, a method for charging a battery,
comprising the steps of: communicating with at least one second charging device by a first
charging device, the first charging device and the at least one second charging device
configured to charge the battery; and controlling the first charging device by a first controller;
determining, by the first controller, the number of the at least one second charging devices by

communicating with a second controller.

[0026] According to an aspect of the present disclosure, there is provided a system for
charging an electric vehicle. The system includes multiple charging devices. Each of the
charging devices is operable to establish communication with the electric vehicle via a
respective charging port of the electric vehicle to identify a charging device among the
charging devices via which charging requirements of the electric vehicle is to be received and
allocated among the plurality of charging devices that are available for charging the electric

vehicle.

[0021] In some embodiments, each charging device is operable to establish

communication with the electric vehicle by exchanging handshake signals therewith.
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[0022] In some embodiments, the multiple charging devices includes a first charging
device and one or more second charging devices in data communication with the first
charging device. The first charging device is a charging device that successfully exchanges
handshake signals with the electric vehicle and is identified for receiving the charging
requirements of the electric vehicle. The second charging devices is a charging device that
unsuccessfully exchanges handshake signals with the electric vehicle and indicates that it is

available for charging the electric vehicle.

[0023] In some embodiments, each second charging device indicates that it is available
for charging the electric vehicle by sending a message including its charging device identity
(ID) to the first charging device, and the first charging device maintains a record of charging

device IDs that it receives.

[0624] In some embodiments, charging devices that are available for charging includes
charging devices that further pass an insulation detection test. In some embodiments, the first
charging device instructs the one or more second charging devices to perform the insulation

detection test.

[0025] In some embodiments, charging devices that are available for charging includes

charging devices that are further ready for charging.

[0026] In some embodiments, the first charging device is further operable to determine
average charging requirements for each charging device that is available for charging. In
some embodiments, charging requirements for a charging device is set to a maximum
charging capacity associated with the charging device if the average charging requirements

exceeds the maximum charging capacity.

[0027] In some embodiments, a charging device is determined to be no longer available
for charging the electric vehicle if the average charging requirements is lower than a minimum
charging capacity associated with the charging device. And in these embodiments, the first

charging device determines new average charging requirements for charging devices that are
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still available for charging if a charging device is determined to be no longer available for

charging.

[0028] According to an aspect of the present disclosure, there is provided a method for
charging an electric vehicle via a plurality of charging devices. The method includes each of
the plurality of charging devices establishing communication with the electric vehicle via a
respective charging port of the electric vehicle, and identifying a first charging device among
the plurality of charging devices that successfully establishes communication with the electric
vehicle for receiving charging requirements of the electric vehicle. The method further
includes receiving charging requirements of the electric vehicle via the first charging device,
allocating the charging requirements among charging devices that are available for charging;
and charging the electric vehicle via the available charging devices based on respective

allocated charging requirements.

[0029] In some embodiments, establishing communication includes exchanging

handshake signals.

[0030] In some embodiments, each charging device that unsuccessfully establishes
communication with the electric vehicle indicates that it is available for charging the electric

vehicle.

[0031] In some embodiments, charging devices that are available for charging includes

charging devices that further pass an insulation detection test.

[0032] In some embodiments, charging devices that are available for charging includes

charging devices that are further ready for charging.

[0033] In some embodiments, allocating the charging requirements among the charging
devices that are available for charging includes determining average charging requirements

for each charging device that is available for charging.
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[00634] In some embodiments, charging requirements for a charging device is set to a
maximum charging capacity associated with the charging device if the average charging

requirements exceed the maximum charging capacity.

[6035] In some embodiments, a charging device is determined to be no longer available
for charging the electric vehicle if the average charging requirements is lower than a minimum
charging capacity associated with the charging device. In these embodiments, the method
further includes determining new average charging requirements for charging devices that are
still available for charging if any charging device is determined to be no longer available for

charging.

[0036] According to an aspect of the present disclosure, there is provided an electric
vehicle that includes a battery and multiple charging ports for charging the battery. At least
one of the charging ports does not include a communication module associated therewith for

exchanging handshake signals with a charging device.

[0037] In some embodiments, only one of the charging ports has a communication

module associated therewith.

[0038] In some embodiments, the electric vehicle is configured to send charging
requirements of the battery to a charging device via the charging port having a communication

module associated therewith.

[0039] In some embodiments, the battery is configured to be chargeable with each of the

charging ports receiving a fraction of the charging requirements.

[0040] In some embodiments, the communication module is a power line communication

(PLC) communication module.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0041] Various embodiments are described, by way of example only, with reference to the

accompanying drawings, in which:

Figure 1 illustrates a system 1000 including a charging station having a number of charging

piles according to some embodiments of the present disclosure.

Figure 2 illustrates a method or process for determining a master charging pile and at least

one slave charging pile according to some embodiments of the present disclosure.

Figure 3 illustrates a pre-charging logic of the parallel charging of multiple chargers

according to some embodiments of the present disclosure.

Figure 4 illustrates an operation logic of master charging pile and at least one slave charging

pile according to some embodiments of the present disclosure.

Figure 5 illustrates a method or process of allocating demand allocating between the chargers

arranged in parallel according to some embodiments of the present disclosure.

Figure 6 illustrates a communication in a system 1000 according to some embodiments of the

present disclosure.

Figure 7 is a flowchart showing a sequence of steps in each charging pile in Figure 1 for
determining if the charging pile is a master charging pile or a slave charging pile according

to an embodiment of the present disclosure.

Figure 8 is a flowchart showing a sequence of steps in a master charging pile for determining
if the master charging pile and slave charging piles are available for charging according to an

embodiment of the present disclosure.

Figure 9 is a flowchart showing a further sequence of steps in a master charging pile for
determining the master charging pile and slave charging piles are available for charging

according to an embodiment of the present disclosure.

Figure 10 is a flowchart showing a sequence of steps in a master charging pile for determining
charging requirements for each available charging pile according to an embodiment of the

present disclosure.
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DETAILED DESCRIPTION

[0042] The present disclosure may be suited for an apparatus, a system and a method for

charging a battery.

[0043] Unless defined otherwise, all other technical and scientific terms used herein have
the same meaning as is commonly understood by a skilled person to which the subject matter

herein belongs.

[0044]  System 1000

[0045] As shown in figure 1, a system 1000 for charging an electric vehicle 10, 13
includes a server 300, a charging station (or charging apparatus) 110 and an apparatus 200.
The charging station 110 is in data communication with the server 300. The apparatus 200 is
in data communication with the charging station 110. The charging station 110 includes a
first charging pile 111, a second charging pile 112, and a third charging pile 113, all of which
are connected to a controller area network. The charging piles 111, 112, 113. may also be
known as charging devices 111, 112, 113. The system is shown in Figure 1 connected to a
first electric vehicle 10, such as an electric boat 10, and a second electric vehicle 13, such as
an electric car 13 for charging them. Hereinafter, the electric boat 10 and the electric car 13

may each be referred to as an electric apparatus 100 as well.

[0046] Electric apparatus 100

[0047] The electric boat 10 includes multiple charging ports 11a, 11b, 12a, 12b, for
parallel charging the electric boat 10, or more specifically for parallel charging a battery (not
shown) of the electric boat 10. Each charging port 11a, 11b, 12a, 12b, is capable of receiving
a corresponding charging member (not shown) of the charging piles 111, 112. Each charging
port 11a, 11b, 12a, 12b, is shaped and dimensioned for allowing a charging member (not
shown) of a charging pile 111, 112, 113 to be inserted therein. The electric boat 10 includes
a second controller 10A for controlling various mechanisms and operations of the electric
boat 10. Each charging port 11a, 11b, 12a, and 12b may be a socket. The electric car 13
includes one charging port 13a for receiving a charging member of the third charging pile
113. The charging port 13a of the electric car 13 may also be a socket. Hereinafter, the electric
boat 10, as a non-limiting example of the electric apparatus 100, will be described below. A

first charging port 11aof the electric boat 10 has a PLC module associated therewith for data
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communication with the charging station 110, or more specifically with the charging pile 111
of the charging station 110. In other words, the first charging port 11a of the electric boat 10
has a PLC module connected thereto for facilitating communication between the electric boat
10 and the charging station 110. The second controller 10A of the electric boat 10 may be an

electric vehicle communication controller (EVCC) 10A.

[0048] It is to be appreciated that the number of charging ports 11a, 11b, 12a, 12b the
electric boat 10 has is not limited to the four charging ports 11a, 11b, 12a, 12b shown in figure
1; the electric boat 10 may include more or less than four charging ports 11a, 11b, 12a, 12b.
It is to be appreciated that the number of the charging piles 111, 112 is not limited to the three
charging piles 111, 112, 113 shown in figure 1; the charging station 110 may include any
number of charging piles 111, 112, 113. The electric apparatus 100 is not limited to an electric
boat 10 and an electric car 13 but may include other electric vehicles such as, but not limited
to, an electric ferry (E-Ferry), electric truck (E-truck), etc. Hereinafter, the charging station
110 may also be referred to as a charging apparatus 110.

[0049] Charging apparatus 110

[0050] As shown in figure 1, each of the charging piles 111, 112, 113 includes respective
first controllers 111A, 112A, 113A, first charging connectors 111a, 112a, 113a and second
charging connectors 111b, 112b, 113b. Each charging connector 111a, 111b, 112a, 112b,
113a, 113b has a PLC module connected thereto. As mentioned previously, the charging
piles 111, 112, 113 are connected with one another via the controller area network (CAN).
The charging apparatus 110 may include an Electric Vehicle (EV) supply equipment (EVSE)
or an EV charger. The first controller 111A may include a communication controller of the
EV supply equipment, commonly known as a supply equipment communication controller
(SECC). Each SECC 111A, 112A, 113A is able to communicate with the EVCC 10A of the

electric boat 10 via power line communication using respective PLC modules.

[0051] ‘Each charging pile 111, 112, 113 further includes a first charging member and
second charging member (both not shown) coupled to the first connector 111a, 112a, 113a
and the second connector 111b, 112b, 113b respectively. Each charging member is inserted
into a charging port 11a, 11b, 12a, 12b of the electric boat 10 for charging of the electric boat
10.
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[0052] Once a charging member of a charging pile 111, 112, 113 is inserted into a
charging port 11a, 11b, 12a, 12b of the electric boat 10, the charging pile 111, 112, 113 may
determine whether the charging port of the electric boat 10 receiving the charging member is
equipped with a PLC module or not by establishing communication with the electric boat 10.
If the charging pile 111, 112, 113 succeeds in establishing communication with the electric
boat 10, the charging pile 111, 112, 113 will know that the charging port 11a, 11b, 12a, 12b
to which it is connected has a PLC module connected therewith to allow the communication.
On the other hand, if the charging pile 111, 112, 113 fails to establish communication with
the electric boat 10, the charging pile 111, 112, 113 will assume that the charging port 11a,
11b, 12a, 12b to which it is connected does not include any PLC module.

[0653] Hereinafter, a charging pile 111, 112, 113 that is connected to a charging port
11a, 11b, 12a, 12b equipped with a PLC module of the electric boat 10 is referred to as a
master charging pile or host charging pile. And a charging pile 111, 112, 113 that is connected
toaport 11a, 11b, 12a, 12b not equipped with a PLC module is referred to as a slave charging
pile.

[0054] To charge the electric boat 10, at least one of the charging piles 111, 112, 113
must be connected to the charging port 11a, 11b, 12a, 12b of the electric boat 10 that is
equipped with a PLC module. Then, the sequence of steps shown in Fig.3 will be initiated to

check the readiness of charging piles 111, 112, 113 for charging.

[0055] The first controller 111A, 112A, 113A may be disposed in the charging pile 111,
112, 113 or separately disposed from the charging pile 111, 112, 113. The first controller
111A, 112A, 113A may perform at least one process shown in figures 3, 4, 5.

[0056] Apparatus 200

[0057] The apparatus 200 may include a personal computer, a mobile phone, a tablet, or
the like, and may be configured to have an application such as a mobile Application (App),
Radio-frequency identification (RFID), and/or a plug for connecting the apparatus 200 to a
charging pile 111, 112, 113 of the charging apparatus 110. A user may obtain information
from the electric apparatus 100 and/or the charging pile 111, 112, 113 of the charging
apparatus 110 via the apparatus 200.

[0058] Server 300
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[0059] As shown in figure 1, the server 300 (backoffice server) may be configured to
store data transmitted from the charging pile 111, 112, 113 of the charging apparatus 110.
The communication between the charging pile 111, 112, 113 and the server 300 may use an
open charge point protocol (OCPP). The OCPP may be an open and common protocol for the
communication. The communication may be a wireless communication or a wired

communication.

[00606] An exemplary flowchart of steps performed by the system 1000

[0061] Figure 2 illustrates a method for determining a master charging pile 111 and at

least one slave charging pile 112 according to some embodiments of the present disclosure.

[0062] As shown in figure 2, the first controller 111A determines whether the charging
member of a charging pile 111, 112 is inserted into a socket 11a, 11b, 12a, 12b of the electric
boat 10 at S210. If properly inserted (i.e. ‘Yes") at S210, the process proceeds to S220. If not
properly inserted (i.e. ‘No’) at S210, the first controller 111A controls the charging pile 111,
112 so that the charging pile 111, 112 exits the Controller Area Network (CAN)
communication at $215. Upon completion of the step S215, the process proceeds to the step

S310 shown in figure 3.

[0063] At 8220, the first controller 111A determines whether a handshake signal is
transmitted from the electric boat 10 to the charging pile 111, 112. If properly transmitted
(i.e. “Yes’) at S$220, the charging pile 111, 112 is set as a host charging pile at S225, and the
process may subsequently proceed to S210. If not properly transmitted (i.e. ‘No’) at S220,
the process proceeds to S230. The host charging pile may also be referred to as a master

charging pile.

[0064] At 5230, the first controller 111A determines whether other handshake signal is
transmitted from the electric boat 10 to the charging pile 111, 112. The other handshake signal
may be a signal from an apparatus 100 other than the electric boat 10. If properly transmitted
(i.e. “Yes’) at 8230, the charging pile exits CAN communication at S240 and the process
returns to S210. If not properly transmitted (i.e. “No’) at S230, the charging pile is set as a
slave charging pile at S235 and a counter for counting the number of slave charging piles 111,

112 is incremented at S236, and the process subsequently returns to S210.



1000

300
Server /\/
v
CANH —————g———— oo ¥
CANL —————" g
111A i
N |
CANH CAN H|—
CANL /\/111 [secc Jean [‘;\j/nz A ,/_\/113

Charging pile Charging pile Charging pile

LineA LineB LineA LineB LineA LineB

P e 3 o~ A

111a <111b 112a <112b 113b
“aé /\/11b 12$§’a /\/ /\/12b 13a? 100
; y ' /\/
Linel Line2 Linen-1 Linen Line
NAV A
Electric boat Electric car Apparatus
M1 [evee ]
Y0

Figure 1

110



10

15

20

25

30

WO 2021/025629 PCT/TH2020/000014
13
[6071] Figure 4 illustrates an operation logic of the master charging pile 111 and at least
one slave charging pile 112 according to some embodiments of the present disclosure. As
shown in figure 4, the system 1000 performs the processes S410 to S450. At S410, the first
controller 111A controls the host 111 so that the host 111 sends a signal to the slave 112.

[0072] At S420, the first controller 111A determines whether the signal has been
received by the slave 112. If properly received (i.e. ‘Yes’) at S420, the process proceeds to
S430. If not properly received (i.e. “No’) at S420, the first controller 111A controls the slave
112 so that the slave 112 exits CAN communication at S425.

[0073] At S430, the first controller 111A determines whether the slave 112 is ready to
charge. If the slave 112 is ready to charge (i.e. “Yes’) at S430, the process proceeds to S440.
If the slave 112 is not ready to charge (i.e. ‘“No”) at S430, the first controller 111A controls

the slave 112 so that the slave 112 exits CAN communication at S435.

[0074] At S440, the first controller 111A determines whether the host 111 is ready to
charge. If the host 111 is ready to charge (i.e. ‘Yes’) at S440, the process proceeds to S450.
If the host 111 is not ready to charge (i.e. “No’) at S440, the first controller 111A controls the
host 111 so that all charging piles 111, 112 exit CAN communication and shutdown at S445.

[0075] At 5450, the number of slaves 112 is determined. That is, the first controller 111A
determines the number of slaves 112 based on the processes S210 to S240 shown in figure 2
and the processes S410 to S440 in figure 4. Upon completion of S450, the process proceeds
to S510.

[0076] Figure 5 illustrates a method or process of allocating demand between the
charging piles 111, 112 for charging the electric boat 10 in parallel, according to some
embodiments of the present disclosure. The allocation of demand is preferably optimal or
near optimal. The process is described with reference to S510 to S550 of figure 5. The step
S510 may be performed following the step S215 shown in figure 2, the step S380 shown in
figure 3, or the step S450 shown in figure 4.

[0077] At S510, the host 111 receives a determined demand, P. At S520, the host 111
calculates an average power, P1, based on the number of slaves 112 determined at 8210 to
5240, S310 to S380, and/or S410 to S450. For example, in the case where the first controller

111A determines that the number of slaves 112 is three in accordance with processes of S210
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to S240 and the number of slaves which are ready to charge is two in accordance with
processes of S410 to S450, the first controller 111A determines the average power, P1, by
dividing the demand P by two.

[6078] At 8530, the first controller 111A determines whether the average power, P1, is
greater than slave maximum power. If the average power, P1, is less than or equal to the slave
maximum power (i.e. ‘No) at S530, the process proceeds to S540. If the average power, P1,
is greater than the slave maximum power (i.e. *Yes) at S530, the power of the slave is limited

to the slave maximum power at S535 and the process proceeds to S$550.

[0079] At S540, the first controller 111 A determines whether the average power, P1, is
lower than a slave minimum power. If the average power, P1, is lower than a slave minimum
power (i.e. “Yes’) at S540, the host 111 exits a slave communication at S545 and the process
returns to S540. If the average power, P1, is not lower than a slave minimum power (i.e. ‘No”)
at S540, the host sends the demand to at least one existing slave on average at S550. The at
least one existing slave 112 may be at least one slave 112 which is ready to charge the electric
boat 10. It is to be appreciated that the demand, P, and the average power, P1, are not limited

to any particular value.

[0080] Figure 6 illustrates a communication in a system 1000 according to some
embodiments of the present disclosure. As shown in figure 6, the first controller 111A
determines whether the charging member of any charging pile 111, 112 is inserted into a
socket 11a, 11b, 12a, 12b of the electric boat 10 at S610. If properly inserted (i.e. ‘Yes’) at
S610, the process proceeds to S620. If not properly inserted (i.e. ‘No’) at S610, the process
loops around S610 until a charging member is determined to have been inserted into a socket

11a, 11b, 12a, 12b of the electric boat 10.

[0081] At 8620, the apparatus 200 may operate an App, such as a mobile App, to control
the first controller 111A so that the charging pile 111 starts to charge a battery of the electric
boat 10. For example, by using the App, the apparatus 200 may authenticate a user to
determine if the user using the apparatus 200 is an authorized person. It is to be appreciated
that in the case where the authentication of the user fails, the charging pile 111, 112 puts

charging on hold until an authorized person logs into the apparatus 200.
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[6082] At 8630, the first controller 111A establishes communication between the

charging pile 111, 112 and the electric apparatus 100.

{0083} At S640, the first controller 111A obtains a vehicle ID of the electric apparatus
100 from the electric apparatus 100 via the communication. The vehicle ID may include, but
not limited to, a car manufacturer and/or model information. At S650, the first charging pile
111 sends the vehicle ID to the server 300. At S660, the server 300 receives the data including
the vehicle ID from the charging pile 111. The server 300 further obtains data including, but
not limited to, charging information, services, fee, required attention, preference, and/or
service history associated with the vehicle ID. As such, the server 300 will recognize the EV

manufacturer and model of the electric boat 10 and bind this information to the user’s account.

[0084] Advantageous effect

[0085] According to the present disclosure, only one PLC module is required in the
electric boat 10. Thus the cost associated with charging in the electric boat 10 can be
drastically reduced if there are many charging sockets 11a, 11b, 12a, 12b. And with
communication limited to between the charging pile 111 (the host) and the one single PLC
module of the electric boat 10, charging logic and fault handling of a charging station 110
may be simplified. And as a result of that, failure rate of the charging station 110 may be

lowered and reliability of the charging station 110 raised.

[0086] Furthermore, the first controller 111A is able to determine the number of the at
least one charging pile 112 (the slave) configured to charge the battery, by communicating

with the second controller 10A via the single PLC module.

Such a communication allows the first controller 111A to receive data including a first power
from the electric boat 10 that is required to charge a battery and determine a second power
based on the number of the at least one second charging piles 112. The second power is used
for determining the power each of the at least one second charging piles 112 will deliver
during charging of the electric boat 10. As such, the first controller 111A is able to allocate

the charging requirements of the electric boat amongst the slaves 112.

{0087} According to the present disclosure, communication between the electric boat 10
and the charging pile 111 is achieved using PLC. With PLC, there is no need for extra pins

to perform the communication.
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[0088] Second Embodiment

[0089] As shown in the drawings for purposes of illustration, the invention may be
embodied in a novel system for charging an electric vehicle that is less complex and more
reliable than existing charging systems. Referring to Figure 1, a system for charging an
electric vehicle embodying the invention generally includes multiple charging devices. Each
of these charging devices is operable to establish communication with the electric vehicle via
a respective charging port of the electric vehicle so as to identify a charging device among
the charging devices via which charging requirements of the electric vehicle is to be received

and allocated among charging devices that are available for charging the electric vehicle.

A method 700 used in the system 1000 will next be described with the aid of the flowcharts
shown in Figures 7-10. Figure 7 is a flowchart showing a sequence of steps in each charging
pile 111, 112 in Figure 1 for determining if the charging pile 111, 112 is a master charging
pile 111 or a slave charging pile 112 according to an embodiment of the present disclosure.
The method 700 starts in a step S710 wherein the system 1000 is initialized. The method
next loops around a step S720 wherein each charging pile 111, 112 determines if it has
received a CHARGE COMMAND from a user. If a CHARGE COMMAND is received, the
method 700 next proceeds to a step S730 wherein each charging pile 111, 112 determines if
its charging gun (not shown) has been inserted into a charging port 11a, 11b, 12a, 12b of the
electric boat 10. The method 700 loops around the step S730 if the charging pile 111, 112
determines that its charging gun has yet to be inserted into a charging port 11a, 11b, 12a, 12b.
If it is determined in the step S730 that the charging gun has been inserted into a charging
port 11a, 11b, 12a, 12b of the electric boat 10, the method 700 proceeds to a step S740 wherein
the charging pile 111, 112 determines if it has received a handshake signal from the electric
boat 10. In other words, the charging pile 111, 112 tries to establish communication with the
electric boat 10 by exchanging handshake signals. Handshaking may be initiated by either
the charging pile 111, 112 or the electric boat 10. More specifically, handshaking may be
initiated by either the SECC 111A, 112A of the charging pile 111, 112 or the EVCC 10A of
the electric boat 10. If it is determined that a handshake signal is received by the charging
pile 111, 112 after its charging gun has been inserted into a charging port 11a, 11b, 12a, 12b
of the electric boat 10, the method 700 proceeds to a step S750 wherein the charging pile 111,
112 is identified as a master charging pile 111, or simply, a master 111. A handshake signal

can be received by the charging pile 111, 112 only if the charging port 11a, 11b, 12a, 12b
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associated therewith is equipped with a PLC module. For example in the system in Figure 1,
only the first charging pile 111 will be able to receive handshake signal from the electric boat
10 to be identified as a master 111 because one of its charging guns is inserted into a charging
port 11a, 11b, 12a, 12b of the electric boat that is equipped with a PLC module. As will be
described later, the master 111 will receive charging requirements from the electric boat 10
for charging the electric boat 10. The method 700 next proceeds to a step S760 wherein the
master 111 informs other charging piles 112 on the CAN that it is a master 111. If however
it is determined in the step S740 that no handshake signal is received by the charging pile
111, 112 after its charging gun has been inserted into a charging port 11a, 11b, 12a, 12b of
the electric boat 10, the method 700 proceeds to a step S770 wherein the charging pile 111,
112 is identified as a slave charging pile 112 or simply, a slave 112. In the system in Figure
1, the charging guns of the second charging pile 112 is inserted into a charging port 11a, 11b,
12a, 12b of the electric boat 10 that is not equipped with a PLC module. No handshaking is
therefore possible between the second charging pile 112 and the electric boat 10. The second
charging pile 112 is therefore identified as a slave 112. From the step S770, the method 700
proceeds to a step S780 wherein the slave 112 sends its charging pile identity (ID), for
example, its serial number to the master 111 to indicate to the master 111 that it is available
for charging the electric boat 10. The master 111 stores received slave serial numbers in a
record, such as a list (not shown). The list therefore includes serial numbers of slaves 112
that are available for charging. The method 700 then ends in a step S790 for the slave 112,

wherein each slave 112 waits for and processes commands received from the master 111.

[0090] From the step S760, the method 700 proceeds to a step s810 shown in Figure 8§
wherein the master 111 shakehands once more with the electric boat 10. The method 700
next proceeds to a step S820 wherein the master 111 determines if the handshaking has
proceeded normally. For example, handshaking is deteremined to have proceeded normally
if the electric boat 10 acknowledges. If it is determined in the step S820 that handshaking
has not proceeded as expected, the master 111 sends a SHUTDOWN COMMAND to all
slaves 112 whose IDs are stored in the list maintained by the master 111. Upon receiving this
SHUTDOWN COMMAND from the master 111, each slave 112 exits CAN communication
and thus the charging operation. If however the master 111 determines in the step S820 that
handshaking proceeded normally, the method 700 proceeds to a step S830 wherein the master
111 sends an INSULATION DETECTION COMMAND to each slave 112 in the list to
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instruct the slave 112 to perform an insulation detection test that is known to those skilled in
the art. The method 700 next proceeds to a step S850 wherein the master 111 waits for the
slaves 112 to complete the insulation detection test. Upon receiving this INSULATION
DETECTION COMMAND from the master 111, each slave 112 will perform the insulation
detection test and send a pass/fail result of the test to the master 111. If a fail result is received
from a slave 112, the master 111 will remove the slave’s serial number from the list. The
number of slaves 112 available for charging will be reduced accordingly. Otherwise, the

master 111 will keep the slave’s serial number in the list.

[00691] When all the slaves 112 have reported their test results to the master 111, the
method 700 proceeds to a step S860 wherein the master 111 performs its own insulation
detection test. If the master 111 fails the insulation detection step, the method 700 proceeds
to the step S830 wherein the master 111 sends a SHUTDOWN COMMAND to all slaves 112
still on the list. If it is however determined in the step S860 that the master 111 passes the
insulation detection test, the method 700 proceeds to a step S870 where the master 111 sends
a GOOD SIGNAL to the electric boat 10 to let the electric boat 10 know that the master 111
is ready for charging. The method 700 next proceeds to a step S880 wherein the master 111
loops around this step S880 waiting for the electric boat 10 to send it its charging demand or
overall charging requirements. Those skilled in the art would recognize that charging
requirements include voltage and/or current requirements. The master 111 exits this step
S880 when it receives the overall charging requirements from the electric boat 10. The
method next proceeds to a step S890 wherein the master 111 stores the overall charging

requirements received from the electric boat 10 in a memory (not shown) thereof.

[6092] The method 700 next proceeds to a S910 step as shown in Figure 9 wherein the
master 111 sends a SLAVE READY? SIGNAL to each slave 112 remaining in the list. The
method 700 next proceeds to a step S920 wherein the master 111 determines if an
ACKNOWLEDGEMENT SIGNAL is received from each of the slaves 112 that were sent
the SLAVE READY? SIGNAL. For each slave 112 where no ACKNOWLEDGEMENT
SIGNAL is received, the master 111 removes the slave’s serial number from the list in a step
S925. Slaves 112 that sends ACKNOWLEDGMENT SIGAL to the master 111 will have
their serial numbers kept in the list. The method 700 next proceeds to a step S930 wherein
the master 111 determines if each slave 112 still on the list is ready for charging the electric

boat 10. If it is determined in this step S930 that a slave 112 is not ready for charging, the
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master 111 removes the serial number of the slave 112 from the list in a step S935. It is thus
possible that the number of slaves 112 available for charging will be further reduced
accordingly. If it is determined in this step S930 that a slave 112 is ready for charging, the
master 111 leaves the slave’s serial number in the list. The method 700 next proceeds to a
step S940 wherein the master 111 determines if it is ready for charging. Ifitis determined in
this step S940 that the master 111 is not ready for charging, the method 700 proceeds to a
step S950 wherein the master sends a SHUTDOWN COMMAND to each of the slaves 112
remaining in the list to instruct the slaves 112 to abort the charging operation. The method

700 then returns to the step S720 shown in Figure 2.

[0093] If it is determined in the step S940 that the master 111 is ready for charging, the
method 700 proceeds to a step 1010 shown in Figure 10 wherein the master 111 determines
the number of slaves 112 left on the list. It is possible that at this point no slaves have dropped
out of charging. In other words, no slaves had their serial numbers removed from the list by
the master 111. It is also possible that one or more slaves 112 have dropped out of charging.
The method 700 next proceeds to a step S1020 wherein the master 111 calculates average
charging requirements for each available charging pile including both master 111 and slaves
112. The master 111 does that by dividing the overall charging requirements received from
the electric boat 10 earlier by the number of slaves 112 plus one to account for the master 111
itself. The method 700 next proceeds to a step S1030 wherein the master 111 determines if
the average charging requirements exceeds a slave’s maximum charging capacity. If it is
determined in this step S1030 that the average charging requirements exceeds the slave’s
maximum charging capacity, charging requirements allocated to the slave 112 is capped at
the slave’s maximum charging capacity in a step S1035. If it is determined in the step S1030
that the average charging requirements is equal to or less than the slave’s maximum charging
capacity, the method proceeds to a step S1040 wherein the master 111 determines if the
average charging requirements is lower than a slave’s minimum charging capacity. If it is
determined in this step S1040 that the average charging requirements is lower than the slave’s
minimum charging capacity, the method 700 proceeds to a step S1045 wherein the master
111 removes the slave 112 for the list. The method 700 then returns to the step S1010
wherein the master 111 repeats the steps S1010 to S1040 to determine new average charging
requirements based on a different number of slaves 112 than before. Ifit is determined in the

step S1040 that the average charging requirements is equal to or higher than the slave’s
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minimum charging capacity, the method 700 proceeds to a step S1050 wherein the master
111 sends each slave 112 their respective charging requirements. Upon receiving respective
charging requirements from the master 111, each slave 112 will begin charging the electric
boat 10. The method then proceeds to a step S1060 wherein the master 111 also starts
charging the electric boat 10 based on its allocated charging requirements. The method 700

finally ends in a step S1070 when charging is completed.

[0094] Accordingly, the electric boat 10 according to an embodiment of the invention
can include a battery (not shown) and multiple charging ports 11a, 11b, 12a, 12b for charging
the battery. At least one of these charging ports 11a, 11b, 12a, 12b does not include a PLC
module associated therewith for exchanging handshake signals with a charging pile 111, 112.
According to the electric boat 10 shown in Figure 1, only one of the charging ports 11a, 11b,
12a, 12b has a PLC module associated therewith. The electric boat 10 sends its overall
charging requirements of the battery to the master charging pile 111 via the charging port 11a
having the PLC module associated therewith. The battery is charged with each of the
charging ports 11a, 11b, 12a, 12b receiving a fraction of the overall charging requirements as

described above.

[06095] Possible Variants

[0096] Although the present invention is described as implemented in the above
described embodiments, it is not to be construed to be limited as such. For example, it is to
be appreciated that communication between the charging pile 111, 112 and the apparatus 200,
and communication between the charging pile 111, 112 and the server 300 may use any
communication protocol. It is also to be appreciated that wireless communication protocols
or standards may include Wireless Fidelity (WiFi) such as IEEE 802.11 a/b/g/n/ax/ba/EHT,
Bluetooth, Near Field Communication (NFC), radio frequency identifier (RFID), or cellular
communication (e.g., Long Term Evolution (LTE), LTE-Advanced (LTE-A), 5th Generation
(5G). And wired communication may be implemented by, for example, using Universal Serial
Bus (USB), High Definition Multimedia Interface (HDMI), or Recommended Standard 232
(RS-232).

[06097] It is to be appreciated that the first controller 111A and the second controller 10A

is hardware implemented but may also be implemented by software in concert with hardware.
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[0098] In addition, the functional blocks (not shown) used for the hardware are typically
implemented as LSI devices, which are integrated circuits. The functional blocks may be
formed as individual chips, or a part or all of the functional blocks may be integrated into a

single chip.

[0699] As another example, although it is described in the embodiments that a charging
device is a charging pile 111, 112, it is possible that a charging device may be a connector
111a, 111b, 112a, 112b of a charging pile 111, 112. As a further example, a person skilled
in the art would appreciate that not all steps described in Figures 7-10 are mandatory; some
of the steps may be optional. For example, it may not necessary for the slaves 112 to run the
insulation detection test and/or to find out if each slave 112 is ready for charging. Although
the steps are described as being executed in a sequential manner, some of the steps may be
executed in parallel. For example, when the slaves 112 run the insulation detection tests, the
master 111 may also run its insulation detection test in parallel while waiting for the results

of the tests from the slaves 112.

[00100]  Asyetanother example, the master 111 receiving the charging requirements from
the electric boat 10 is described as determining and allocating charging requirements to the
slaves 112. However, those skilled in the art will readily understand that determining and
allocating charging requirements may be performed by any slave 112 of the charging station

110, the server 300 or even the apparatus 200.

[00101]  As a further example, although the invention is described in the context of
charging an electric vehicle 100, the invention may be used to charge any electric product

that includes a battery.

[00102]  As vet a further example, although the invention is described with the electric
boat 10 having only one single PLC module, the electric boat may have a number of PLC
modules that is one less than the number of charging ports 11a, 11b, 12a, 12b. In other words,
at least one charging port 11a, 11b, 12a, 12b of the electric boat 10 is not equipped with a
PLC module. In such an embodiment, the first charging pile 111, 112 to establish

communication with the electric boat 10 will be designated as the master 111.
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[00103] It is to be appreciated by the person skilled in the art that variations and
combinations of features described above, not being alternatives or substitutes, may be

combined to form yet further embodiments falling within the intended scope of the disclosure.

[00104]  As would be understood by a person skilled in the art, each embodiment, may be

used in combination with another embodiment or several embodiments.

Reference numerals

10: electric boat

10A: second controller

I1a, 11b, 12a, 12b, 13a: socket or port

13: electric car

100: electric apparatus

110: charging apparatus

111: first charging pile (first charging device)
112 : second charging pile (second charging device)
113 : third charging pile (third charging device)
111A: first controller

111a, 111b, 112a, 112b, 113a : connector

200: apparatus

300: server

1000 : system
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CLAIMS
I.  Anapparatus for charging a battery, comprising:

a first charging device configured to communicate with at least one second
charging device, the first charging device and the at least one second charging device
configured to charge the battery; and

a first controller configured to control the first charging device, wherein the first
controller determines the number of the at least one second charging devices by

communicating with a second controller.

2. The apparatus according to claim 1, wherein when the first controller receives data
including a first power data to charge the battery and determines a second power data based
on the number of the at least one second charging devices, the second power data used for

each of the at least one second charging device.

3. The apparatus according to claim 1, wherein the first charging device comprises a
charging member for interfacing with a plurality of sockets, wherein the charging member is

configured to be inserted into at least one corresponding socket of an electrical apparatus.

4. The apparatus according to claim 1 or 2, the second power data is derived or calculated

by dividing the first power data by the number of the at least one second charging devices.

5. The apparatus according to any one of preceding claims, wherein in the case where the
second power data exceeds a power threshold value, the first controller sets the second power

data to the power threshold value.

6.  The apparatus according to claim 3, wherein the electric apparatus is an electric boat,

an electric ferry, an electric car, or an electric truck.

7. The apparatus according to 3 or 6, wherein a communication between the apparatus and

the electric apparatus is performed by a Power Line Communication (PLC).
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8.

24

The apparatus according to any one of preceding claims, wherein a communication

between the first charging device and the at least one second charging device is performed by

a Controller Area Network (CAN) communication.

10.

1.

12.

13.

14.

A system according to any one of claims 1 to 8, comprising:
the apparatus; and
a server configured to communicate with at least one of the plurality of charging

devices and to store data provided from at least one of the plurality of charging devices.

A system according to any one of claims 1 to 8, comprising:
the apparatus; and
a device configured to communicate with at least one of the plurality of charging

devices and to authenticate a user.

A system according to any one of claims 1 to 8, comprising:
the apparatus, wherein the apparatus further comprises the at least one second

charging device.

A system according to any one of claims 1 to 8, comprising:
the apparatus; and

the electric apparatus.

A method for charging a battery, comprising the steps of:

communicating with at least one second charging device by a first charging
device, the first charging device and the at least one second charging device configured
to charge the battery; and

controlling the first charging device by a first controller;

determining, by the first controller, the number of the at least one second charging

devices by communicating with a second controller.

A system for charging an electric vehicle, the system comprising:

a plurality of charging devices;



10

15

20

25

30

WO 2021/025629 PCT/TH2020/000014
25
wherein each of the plurality of charging devices is operable to establish
communication with the electric vehicle via a respective charging port of the electric
vehicle to identify a charging device among the plurality of charging devices via which
charging requirements of the electric vehicle is to be received and allocated among the

plurality of charging devices that are available for charging the electric vehicle.

15. The system for charging an electric vehicle according to Claim 14, wherein each of the
plurality of charging devices is operable to establish communication with the electric vehicle

by exchanging handshake signals therewith.

16. The system for charging an electric vehicle according to Claim 15, wherein the plurality
of charging devices comprises:

a first charging device; and

at least one second charging device in data communication with the first charging
device;

wherein the first charging device is a charging device that successfully exchanges
handshake signals with the electric vehicle and is identified for receiving the charging
requirements of the electric vehicle; and

the at least one second charging device is a charging device that unsuccessfully
exchanges handshake signals with the electric vehicle and indicates that it is available

for charging the electric vehicle.

17.  The system for charging an electric vehicle according to Claim 16, wherein the at least
one second charging device indicates it is available for charging the electric vehicle by
sending a message including its charging device identity (ID) to the first charging device, and

wherein the first charging device maintains a record of charging device IDs that it receives.

18. The system for charging an electric vehicle according to Claim 16 or Claim 17, wherein
charging devices that are available for charging includes charging devices that further pass

an insulation detection test.
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19.  The system for charging an electric vehicle according to Claim 18, wherein the first
charging device instructs the at least one second charging device to perform the insulation

detection test.

20. The system for charging an electric vehicle according to any one of Claims 16 to 19,
wherein charging devices that are available for charging includes charging devices that are

further ready for charging.

21. The system for charging an electric vehicle according to any one of Claims 15 to 20,
wherein
the first charging device is further operable to determine average charging

requirements for each charging device that is available for charging.

22. The system for charging an electric vehicle according to 21, wherein charging
requirements for a charging device is set to a maximum charging capacity associated with the
charging device if the average charging requirements exceeds the maximum charging

capacity.

23. The system for charging an electric vehicle according to 22, wherein a charging device
is determined to be no longer available for charging the electric vehicle if the average
charging requirements is lower than a minimum charging capacity associated with the
charging device, and wherein the first charging device determines a new average charging
requirements for charging devices that are still available for charging if any one charging

device is determined to be no longer available for charging.

24. A method for charging an electric vehicle via a plurality of charging devices, the method
comprising:
each of the plurality of charging devices establishing communication with the
electric vehicle via a respective charging port of the electric vehicle;
identifying a first charging device among the plurality of charging devices that
successfully establishes communication with the electric vehicle for receiving charging

requirements of the electric vehicle;
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receiving charging requirements of the electric vehicle via the first charging
device;
allocating the charging requirements among charging devices that are available
for charging; and
charging the electric vehicle via the charging devices that are available for

charging based on respective allocated charging requirements.

25. The method for charging an electric vehicle according to Claim 24, wherein

establishing communication comprises exchanging handshake signals.

26. The method for charging an electric vehicle according to Claim 24 or Claim 25, wherein
each charging device that unsuccessfully establishes communication with the electric vehicle

indicates that it is available for charging the electric vehicle.

27.  The method for charging an electric vehicle according to Claim 26, wherein charging
devices that are available for charging includes charging devices that further pass an

insulation detection test.

28. The method for charging an electric vehicle according to Claim 26 or Claim 27, wherein
charging devices that are available for charging includes charging devices that are further

ready for charging.

29. The method for charging an electric vehicle according to any one of Claims 24 to 28,
wherein allocating the charging requirements among the plurality of charging devices that are
available for charging includes:

determining average charging requirements for each charging device that is

available for charging.

30. The method for charging an electric vehicle according to Claim 29, wherein charging
requirements for a charging device is set to a maximum charging capacity associated with the
charging device if the average charging requirements exceeds the maximum charging

capacity.

31.  The method for charging an electric vehicle according to Claim 30, wherein a charging
device is determined to be no longer available for charging the electric vehicle if the average

charging requirements is lower than a minimum charging capacity associated with the
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charging device, and the method further including determining new average charging
requirements for charging devices that are still available for charging if any one charging

device is determined to be no longer available for charging.

32.  An electric vehicle comprising:
a battery; and
a plurality of charging ports for charging the battery, at least one of which does
not include a communication module associated therewith for exchanging handshake

signals with a charging device.

33, The electric vehicle according to Claim 33, wherein only one of the plurality of charging

ports has a communication module associated therewith.

34. The electric vehicle according to Claim 33, wherein the electric vehicle is configured
to send charging requirements of the battery to a charging device via the charging port having

a communication module associated therewith.

35. The electric vehicle according to Claim 34, wherein the battery is configured to be

chargeable with each of the charging ports receiving a fraction of the charging requirements.

36. The electric vehicle according to any one of Claims 32-35, wherein the communication

module is a power line communication (PLC) communication module.



