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Abstract: The automotive industry is continuously developing to meet the needs of users in terms of efficiency
and convenience. The Thailand government has set a policy for Thailand to be a hub for the production of
electric vehicles and key components in the region, with a target to produce electric and zero-emission vehicles
by 2030. This article is an example of communication in an electric vehicle system. The CAN Bus system is a
communication system in electric vehicles that can receive and send communication data via CAN-Hight/Low
lines designed for vehicles. CAN Bus is a standard communication system supported by global organizations
and used in modern automotive systems. The design of the communication system in electric vehicles uses
MRS Developers Studio software to help write programs to receive and send data and prioritize the importance
of the received data. The system consists of communication examples studied, such as pressing the start button,
turning on/off the headlights, turning on/off the turn signal, turning on/off the brake light, turning on/off the
emergency light, sending the horn signal, sending the signal to shift forward/backward, and tuning the motor
gear system. From the communication examples mentioned, the communication will be a prototype transport
set for small electric vehicles under the scope of the lithium battery energy storage system, NMC type, size 72
V 25 Ah, to test the use, efficiency, and stability in CAN Bus communication up to 1000 times.

Keywords: CAN bus system; MRS developers studio; electric vehicle; battery pack; communication in electric
vehicles

0. About the Thesis

This thesis consists of 5 sections: Section 1 introduction and importance: discusses the
background and significance of research in the field of electric vehicle communication. Section 2
contents: mentions the creation of a small vehicle communication prototype, a 72 V 25 Ah battery
pack, energy use control system, and the CAN Bus communication system in various devices. Section
3 research methodology: starts with writing the MRS Developer Studio program for various
communications to simulate on the designed circuit board before installing it in a small vehicle
prototype. Section 4 test results: after uploading the program into the CAN Bus control system, the
number of tests is conducted to ensure efficient operation and prevent errors. Section 5 conclusion:
the research concludes that the communication in the CAN Bus system is effective and suitable for
use in the present or future.

1. INTRODUCTION

Many countries have set goals to transition to electric vehicles and have implemented
widespread measures to promote their use. By 2030, Norway, Denmark, Iceland, Singapore, and the
United Kingdom aim to have 100% of new cars sold to be electric vehicles [1,2]. Japan and China have
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similar targets for 2035. Each country has developed financial and non-financial support packages.
For example, France and Germany provide approximately $7,000 in support per electric vehicle
purchase. China has established charging [3] stations nationwide and offers both financial and non-
financial benefits to electric vehicle buyers [4].

For Thailand, the use of electric vehicles has not been widespread due to factors such as high
prices, unclear government support [5,6], insufficient infrastructure, and limited model options.
However, as Thailand is a major car manufacturing country, Thailand is crucial for the country to
adapt, both for car manufacturers and parts manufacturers, to maintain its status as a significant
global production base.

The creation of a supply chain between electric vehicle manufacturers [7], batteries, and key
components: As electric vehicles do not require many components found in ICE vehicles (Internal
Combustion Engines), from engines, power transmission systems [8] to exhaust pipes, the
manufacturing structure of the automotive industry will have to fundamentally change if electric
vehicles become more popular. Although the production of electric vehicles reduces the number of
parts, each part becomes more important, such as batteries, electric motors, and power converters [8].
Therefore, the collaboration between vehicle manufacturers and key component manufacturers will
help these players maintain their competitive capabilities.

The electric vehicles conversion [9] industry or the process of converting internal combustion
engine vehicles into electric vehicles, not only helps people save costs in converting old internal
combustion engine vehicles into electric vehicles and pushes the country's goal of reducing pollution
emissions according to the plan, but also helps maintain the supply chain in this industry, such as
auto parts manufacturers and car repair shops.

There are many electric cars available in Thailand, with a wide range of prices and brands. These
include Chinese brands such as BYD, ORA, and NETA, which are affordable and suitable for general
city use. There are also premium European brands such as BMW, Mercedes-Benz, MINI Cooper,
Audi, and Volvo. These brands offer luxury and premium vehicles at a corresponding price [10].
Although there may not be many electric vehicle charging stations in Thailand, the rising oil prices
have led many people to choose electric vehicles. This has resulted in many car brands starting to
produce and import electric vehicles into Thailand. This year, Thailand has already started selling
EV cars.

Currently, lithium batteries [11] are becoming increasingly popular and are used in almost every
device around us, such as mobile phones, power banks, notebooks, various wireless tools, EV cars,
drones, electric vehicles, satellites, etc. However, not all lithium batteries used in these devices are of
the same type. There are several types of lithium batteries, each with battery advantages and
disadvantages.

The Lithium Nickel Manganese Cobalt Oxide battery (NMC) has high specific energy due to the
addition of Nickel (Ni) in the cathode composition. This results in a cell with a high voltage of about
3.7 V per cell. Initially, NMC batteries did not include manganese, but researchers added that later to
increase stability [12]. The result is an NMC battery that is both stable and suitable for high voltage
applications. However, NMC batteries are not suitable for high cranking current applications, such
as engine starting.

CAN BUS (Control Area Network) is a protocol designed primarily for the automotive industry.
This is popular due to its fast communication and data transmission with various modules, making
it widely used in modern vehicle architecture [13-15].

In the modern automotive industry, the CAN Bus system is a network of electronic devices that
communicate with each other using a common protocol [16,17] called Controller Area Network
(CAN). This system is widely used in modern cars. The CAN Bus system allows efficient
communication between various electronic devices using only two bus lines, CAN-High and CAN-
Low, to transmit data between modules in the car. Each module has a unique identifier and can send
and receive messages on the network. In addition, the CAN Bus system provides real-time data
transmission and uses a priority-based scheduling format to ensure that important messages are sent
first, ensuring that all devices can access the same data at the same time. Data is transmitted using
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different electrical voltages between the two lines for receiving and transmitting data. At both ends
of the line, a 120Q resistor (called terminating resistor) is connected to reduce resistance for high drive
lines and reduce noise signals. The CAN Bus system also helps reduce the complexity of wiring with
fewer wires, making it easier to install and maintain the system. The CAN Bus also reduces the weight
of the car and increases space for other equipment.

2. ELEMENTS AND COMMUNICATION OF ELECTRIC VEHICLES

This work discusses key topics related to electric vehicle research, including the general
structure of electric vehicles, energy management and battery packs, and control systems in electric
vehicles through CAN Bus.

2.1. The general structure of the electric vehicle.

This thesis discusses the design of communication systems in small electric vehicles. The
materials and equipment used are shown in Table 1, and the software used for simulation and design
[18-20] is Solid Work. The design is purely mechanical, as shown in Figure 1, which shows the general
structure of the electric car.

© m

=

Figure 1. General structure of the Electric vehicle.

Table 1. Materials and Equipment for Communication in Electric Vehicle Systems Using CAN Bus.

Materials and Equipment Units

—_

Push Button Start

Electric car headlights

Klaxon (Horn)

Front turn signal

Back turn signal

CAN connector line

CAN Controller Box

DC to DC Step down (72V to 12V)
Battery Pack 72 V (Li-ion: NMC)
Motor DC 1500W 60V

_ o= = W NN =

2.2.72 'V 25 Ah Battery Pack and balance with BMS.

Figure 2. The process of packing [21] a battery to have a voltage of 72 V 25 Ah starts with using
a lithium-ion (NMC) battery that has a voltage of 3.7 V 25 Ah. From the calculation, NMC needs 20
cells (follow in equation 1) connected in series to achieve approximately 72 V. Before packing, each
cell should be balanced to have the same voltage. Then, pack them in a container to prevent cell
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dispersion and short circuits. Once the battery pack is ready, connect a BMS to each cell to maintain
the voltage level and prevent cell damage.

Figure 2. Battery pack and balance with BMS.

Battery Pack Shown in equation 1

@™

When n is Number of battery cells
Vv is Battery Packing
Vszvis Li-Ion (NMC) 1 Cell

2.3. Energy control system in electric vehicles.

Given that the battery pack has a voltage of 72 V, it cannot supply power to the load of devices
such as light bulbs, electric accelerators, and power supply boards for controllers, etc. Therefore, a
device is needed to reduce the voltage to a suitable level that does not exceed 12 V for operation.

Following in Figure 3.
+

DC Fast Charge

—
+

L] Battery
~ | AC/DC Pack

BMS [ vCuU

1_
L_| DC/DC
Step Down

Z|

Figure 3. Energy control system.

The control unit [22-24] of an electric vehicle consists of 4 parts: (1) Vehicle Control Unit (VCU),
which controls the operation of the electric vehicle, similar to the ECU in an internal combustion
engine vehicle, (2) Motor Control Unit (MCU), which controls the operation of the motor as
commanded by the VCU, including the Inverter, (3) DC/DC Converter, which converts direct current
voltage for driving the motor, charging the battery, and supplying the 12 V electrical system in the
vehicle, (4) Battery Management System (BMS), which monitors and controls battery charging,
discharging, temperature checking, charging status, and high-voltage battery energy usage. It also
transmits important data to other systems and most importantly adjusts the electrical system of the
battery to function as specified.
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2.4. CAN Bus Controller.

Figure 4a. The device used for communication is the CAN I/O model PLC 1.033.30B.00 from
MRS (MRS Developers Studio). MRS can receive and send data through software programming. The
signal is transmitted via a high speed or low speed connection, depending on the usage. This control
system needs a 24 V power supply to operate.

CANI/O

Vecl -P12 P09~ CANH
Vo2 -P17 P10-CANL
KL1S - P08 P13-1/00
GND-POL P14-1/01
A10-PO7 P15-1/02
AI1-P06 P16-1/03
A12-PO5 P18-1/04
AI3-P04 P19-1/05
Al4-PO3 P20-1/06

AIS-P02 P21-1/07

(a) CAN Bus Controller (b) Communication CAN Bus.

Figure 4. Controller: (a) CAN Bus Controller; (b) Communication CAN Bus.

This thesis will use 3 CAN Bus Controller devices due to the limitation of inputs and outputs,
which have only 6 pins of Analog and 8 pins of Digital shown in Figure 4b. This results in a need for
communication to be categorized. Specifically, the CAN Bus Control Box 1 is responsible for receiving
signals composed of headlights, front turn signals, horn sounds, and electric throttle to process and
send to the CAN Bus Control Box 2. At the same time, the CAN Bus Control Box 2 will receive signals
composed of taillights to process and send to the CAN Bus Control Box 3.

From Figure 4a, the signal transmission uses a total of 2 wires from pin P09-CANH, and pin P10-
CANL. In other words, if the signal wire is connected from the pin and a 120Q electrical resistance is
paralleled, it will result in high sensitivity data transmission. At the same time, removing the
resistance will slow down the data transmission. This article chooses the first method because it
requires a response that is sensitive to signals and has the least delay. The signal transmission method
is as shown in Figure 5 and the data transmission is limited to hexadecimal.

Microcontroller
with CAN CAN
Controller Transceiver Z 120 ohm

Figure 5. Signal transmission method.

The operation of the differential wire involves using the difference in electrical voltage between
two wires to transmit data, to reduce signal interference. The signal within the wire consists of two
states: (1) The Dominant state occurs when the voltage of the CANH wire is greater than the CANL
wire, which translates into a logic 0 state. (2) The Recessive state occurs when the voltage of the
CANH wire is less than or equal to the CANL wire, translating into a logic 1 state, shown in Figure
6.

The CAN communication standard uses a principle called bit-wise arbitration, which involves a
joint assessment of the number of devices (Nodes), wire length, and communication speed (Bit Rate).
CAN is an Asynchronous protocol where the data transmission speed is determined by the data rate
or baud rate, typically set at 125,000 (125 kbit/s) as the standard.
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4.0V

3.5v
3.0v
Recessive (1) Recessive (1) Recessive (1)
2.5V Dominant (0) Dominant (0) Dominant {0)
2.0V \ / \ ’ \
1.5v

1.0v

——CANHigh ==—CAN Low
Figure 6. Status of data transmission line.

In addition to the aforementioned equipment, it is necessary to have software for writing
communication systems in electric vehicles. The software used is MRS (MRS Developers Studio). The
method of writing the communication system will be shown in the next chapter.

3. RESEARCH AND METHODOLOGY

The procedure begins with communication between the device and the software in the CAN Bus
test board. The test involves communication of turn signals, brake lights, emergency lights, horn, and
motor operation [25]. In addition to communication, wiring and electric vehicle frame formation are
also crucial for the results.

3.1. CAN Bus test box.

Figure 7 shows the creation of a board for testing communication with the CAN Bus. This is
done before installation in an electric vehicle. The equipment used for testing is listed in Table 2.
There are two sets of test boards because if there is a device transmitting data, there must also be a
device receiving the data. The communication of data is connected through the CANH-CANL signal
line via device number 5, allowing data to be communicated between the two boards.

21

T T T T 0T

8 9 10 11

Figure 7. CAN Bus wiring.

Table 2. Materials and equipment for CAN Bus test box.

Number Materials and Equipment
1 Circuit Breaker
2 IAC/DC switching
3 Power Switch
4 CAN I/O
5 The CAN hub
6 Input/output Device
7 +24V and Gnd. Terminal
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7
8 lAnalog Inputs Terminal of CAN I/O
9 Input/output Terminal of CAN I/O
10 Input Terminal of input/output device
11 Output Terminal of input/output device

3.2. MRS Developers Studio.

The communication system of electric vehicles for the CAN I/O control device starts with
opening the MRS Developers Studio software and creating a new project, following in Figure 8a.
Should input the address according to the CAN I/O box, which is modelled PLC 1.033.30B.00, select
Revision as type E, and name the project as desired. If the information does not match with the CAN
I/O box, it will prevent the electric vehicle for communicating.

= Graphical programming
E& MRS Developers Studio V1.40 = o X ]Opened project: lCAN_IO_V2_ExampIe]
File Graphical programming MCU flasher Help
B Graphical programming =] [( 1) Update project \ @ Save Project as \
[Openod project: | I(3) Epmcan ps \ @ Edit more DBs |
Open project [ Create new project ] Project CAN-Baudrate
EDIT CAN_DB Edit more DBs CAN_BUS_O v
Priect CAN Baucdele [Baudate [ Oscllslor__ [Jump_Width | Prescaler [ Time_Segmentl |Time_$egmenl2®
CAN_BUS_O 125k81 [Croskei ] f[_amz Jj[ 2 Jj[ 2 [
* Create new project - I START EAGLE (6) |
Order nr: 1. -m - - 1.033.300.00 CAN I/0 & CAN SPS
[ [ [ ] 10333000001 CAN 170 1 CAN SPS Beleuchtungsmoded InFUP available In- and outputs: Start compiing manualy:
Podet oV ] i
Revision: [§ v
St iy
Priectname: CAN_I0_G_ | CAN data points read from CAN_DP.mdb, sym file has not been changed.
Createinc  [C\Program Files (@5]WMRS_Developers_Studo\C ] C]
[ooc | [ o =] E S
Open log-window | v [l Close Eagle | Clase
(a) MRS Developer Studio Software. (b) Graphical programming.

Figure 8. Control Software: (a) MRS Developer Studio Software; (b) Graphical programming.

When open a project, set the numbers in the order shown in Figure 8a, starting from number 1.
Use it to update when writing logic in the software, number 2 is used to save the work file, numbers
3-4 are used to set up data transmission between the CAN Bus test box, number 5 is used to determine
the response speed for data transmission, number 6 is used to write the logic of the electric vehicle
operation, number 7 shows the usage of analog and digital pins, and numbers 8-9 are used to open
logic in programming.

In the window Graphical programming click on button “EDIT CAN_DB” (Number 3 from
Figure 8b) to show the definitions of CAN block and CAN data points, EDIT CAN_DB is shown in
Figure 9.

[3 CAN_DB-Edit - o X

CAN_Telegram / Define CAN_BLOCK

Name CAN ID [hex] Extended Send period max [ms] | Send period min [ms] | DLC Send |CANID mask [hex] |~
b [SWG1 0x101 1 0 0 8 0 0
|AcC 0x103 1 100 100 8 1 0
*
v
CAN Data Points / Define CAN_DP Move your mouse over the columns to get more information.

If you proceed an input, you get the available input

passibities displayed above the head fine.
|Valiable name CAN block name Bit start Bitlength Data format
) [Left SWG1 0 1 0
_{ﬁ-gm SWG1 1 1 0
Accin ACC 0 10 0
Hon SWG1 3 1 0
*|

View
@ Standard view O Data point definition for modultest Export of

Close Import symie| | EAP0LS
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Figure 9. CAN data base (CAN_DB).

CAN-block is a CAN frame which is defined by a 11 or 29 (extended) identifier, by a name and
by a data content from 0 to 8 bytes. CAN-data point is a variable inside a CAN-block, which is
defined by a number of bits within the 8 Bytes array. It is possible to have multiple CAN-data points
within the same CAN-block as long as it has bits to be attributed.

From Figure 9, that is indicated that variables need to be set for the transmission of data between
devices. The method for setting various parameters is shown in Table 3, and the definition of device
variables, whether it’s an electric switch or accelerator, can be set as per Table 4.

Table 3. CAN-block definition.

Header Description
Name Name of the CAN-Block
CAN ID [hex] CAN-Identifier from CAN-Block in [hex]
Extended 0 is 11 bits identifier, 1 is 29 bits identifier
Send period max Time of send period max
Send period min Time of send period min
Data length Length of the CAN frame data in byte
Send 0 is CAN-Block received the CAN bus
1is CAN-Block send to the CAN bus
CAN ID mask When you want to listen to variable CAN ID information. (EX: 0x10F,
0x100, ...)
Table 4. CAN-data definition.
Header Description
Variable name Name of the data point
Definition of linked CAN-block (Write down in which CAN-block the
CAN block name . .
variable is to be found)
Bit start 0 ... 63, start position of the data into the CAN frame data area
Bit length Length of the information in bits

From Figure 8b. “Graphical programming” by clicking "Edit more DBs" a new window is
opened to specify the settings of all I/O of the module. You can set the digital I/O, analog inputs,
PWM outputs and the lists for EEPROM index and user variable index shown in Figure 12.
(Parameter use in Figure 10.)

1 More DBs X
Digital 1/0s ] Andloginputs ] PWM outpuls ] EEPROM index ] Uses vaiiable index
10s: Pullups } Debouncing
Pinnae userdefined | Pi nae sttc [orecion [rup — Jruipen]sisnvobe [enpettion [entpetion [
» 0_N0 PO_N___|DONT_CAAE |PE_OFF |DONT_CARE [0 0
D_INT PO_N__|DONT_CARE |PE_OFF |DONT_CARE [0 0
D_IN2 PDO_N__|DONT_CARE |PE_OFF |DONT_CARE [0 0
=] D_IN3 [PD_IN DONT_CARE |PE_OFF |DONT_CARE |0 0
| D_ING [PD_IN_[DONT_CARE |PE_OFF |DONT_CARE |0 0
0_IN5 PO_N__[DONT_CARE |PE_OFF |DONT_CARE [0 0
0_ING PN |DONT_CARE |PE_OFF |DONT_CARE [0 0
D_IN7 PD_IN__[DONT_CARE |FE_OFF |DONT_CARE [0 0
] D_ANAD [PD_IN DONT_CARE |PE_OFF [DONT_CARE [0 0
| D_ANAT [PO_IN_ [DONT_CARE |PE_OFF |DONT_CARE |0 0
D_ANA2 PO_N__[DONT_CARE |PE_OFF |DONT_CARE [0 0
D_ANA3 PD_N__|DONT_CARE |FE_OFF |DONT_CARE [0 0
D_ANAY PD_IN _[DONT_CARE |FE_OFF |DONT_CARE |0 0
] D_ANAS |PD_N DONT_CARE |PE_OFF |DONT_CARE [0 0 ]

Putthe cursor oves the cokumns o et mare information.If you make an inpul you see above the head line the
input possibiliies. Check and close

Figure 10. Variables used to assist in writing A&D pins.

When you have set the variables as needed, for this thesis, we will write logic related to
controlling the lighting system [26], using the vehicle's horn, and receiving and transmitting data
from the electric vehicle's accelerator and brakes. The entire system is shown in Figure 11a—d.
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9
IN32_DB Do FPBIGOUT
Left OUT_HSD®
IN32_DB bwse FPBIGOUT
DIGINPT— —50I60UT Right OUT_HSD1
D_ANAD QUT_HSDL B1
oclaer |y 08 ALGIND#A————# . [##———#<+0UT32_0B
- ANAZ  Soe|
sul div
IN32_DB D FPBIGOUT
Horn OUT_HSD2

(a) The logic for the turn signal uses a 200

msec pulse signal (Send). (b) The logic for horn signal.

B8
IN32_DB bwe SEL
Forward
SEL 1
+
IN32_DB Dw—l—_,-DDIGUUT i il
B2 Backward OUT_HSDL 15wert ng i

IN32_DB Dpt———— A

D @ =BDIGOUT BL n
Startcontrol B3 c OUT_HSD4 IN32_DB Dw—=41A  Q < N2
N32_08 b T e +0UT32_DB ﬁcc‘“i%,,:_# B 15wes] S———#<+0UT32_DB

; d-latch cavil BUE)
Engine testsuw ey R Accout
IN3Z_DE b SDIGOUT
Left OUT_HSDé
IN32_DB bwe ~>DIGOUT

§ PWM_OUTPUT _CAN_IO
Raghs OUT_HSD? = —
pun_frequency [Hzl

pun duty eycle DUT_HSD2 (.47
pum duty cycle OUTHSD3 (8.1%)
pun duty eycle DUT_HSD4 (8.1%)
pum duty cucle OUT_HSD5 [8.1%)
pun duty eycle DUT_HSDG (8.171
pum duty cucle OUT_HSD? [8.1%)

(d) The logic for creating an electric accelerator

(c) The logic for the turn signal. signal for PWM.

Figure 11. Logic control: (a) The logic for the turn signal uses a 200 msec pulse signal (Send); (b) The
logic for horn signal; (c) The logic for the turn signal; (d) The logic for creating an electric accelerator
signal for PWM.

Considering the logic from Figure 11a—d, the logic is found that there are three devices in the
CAN Bus communication device. The CAN Busl input side serves to receive the light signal and the
operation signal of the key and the car gear. The output side consists of displaying the data received
from the input. Due to insufficient working pins, CAN Bus2 is used to display the output of the light
signal with the CANH-CANL [27] communication line used for the connection. At the same time, it
also receives the electric accelerator signal to display the output in CAN Bus3 with the same
communication line. The entire operation process is shown in Figure 12.
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Figure 12. Communication in Electric Vehicles.

3.3. The Construction of Mechanical Structures.

After initial software testing, the next step is to shape the mechanical structure of the electric
vehicle. This article will assemble the CAN I/O test suite of all three devices onto the electric vehicle
and upload various operational logic to complete it [28-30]. The simple structure of an electric vehicle
is shown in Figure 13.

Figure 13. Mechanical Structures of electric vehicle.
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4. RESULT

This chapter presents the results from writing logic into the test board as shown in Figure 7.
Starting with the car headlights, turn signals, brake lights, emergency lights, forward-reverse gear,
switches, horn and electric accelerator in order. Then, the logic is uploaded onto the electric vehicle
structure as shown in Figure 14. The test results for the number of uses in electric vehicles are shown
in Table 5. The simulation results of the light bulb status on the test board are as shown in Figure

14a—g.
Table 5. Testing communication of the CAN Bus system.
Testing CAN Bus Testing (Counts)
communication 1 100 1000

Switches v 4 v
Headlights v/ 4 v
Turn signal v v v/
Brake light v v v
Emergency light v 4 v
Horn v/ 4 v
Forward-Reverse gear v 4 v
Electric Accelerator v v v

From Figure 14a—g is the upload of software via CAN-HUB line, the results of data
communication testing by Figure (a) circuit connection for signal testing in CAN Bus test box; Figure
(b) is the display of car front status lights; Figure (c) is the signal transmission of left and right turn
lights; Figure (d) is the display of brake status lights; Figure (e) is the transmission of emergency
signals by left and right turn lights on together; Figure (f) shows the status of forward and reverse
gears and Figure (g) is the tuning of the electric throttle to make the motor work within the specified
limits.

(c) Turn signal.
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Figure 14. Testing communication status: (a) Switches; (b) Headlight; (c) Turn signal; (d) Brake light;
(e) Emergency light; (f) Horn; (g) Forward-Reverse gear; (h) Electric Accelerator.

3.4. The Cost of electricity per battery charge.

e The electrical energy of the battery can be found from equation (2)

Wh=VxAh )
¢  The unit of electrical energy usage can be found from equation (3)
Wh
Unit =—— 3)
1000
e Calculating the cost of electricity in Thailand can be found from equation (4)
THB

price =Unitx3.99 “4)

Unit

This From the above equation, calculating the cost for charging a 72 V 25 Ah battery, substituting

the given parameters, find that the energy used to charge the battery 100% is 1800 Watt-hour,
equivalent to 1.8 units. Therefore, the cost of electricity for charging is 7.182 baht per charge.
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From Figure 2, evident that the battery pack, which includes a JIKONG BMS model, allows the
user to check the voltage, resistance values of each cell, and the battery pack's charging current
through an application. In addition to this, it also enables the user to monitor the temperature status.
The different statuses are displayed as shown Figure 15.

Cells Voltage
Cells Wire Resistance

N
>
o]
=
-
L
=

Figure 15. Parameter of Battery Pack.

5. CONCLUSION

From the study of the electric vehicle communication system simulation project with the CAN
Bus system, the simulation set of various I/O devices can receive and send digital signals through the
CAN Bus system and can work normally in all systems. Testers can modify the set of program
instructions for system operation through modification with the MRS developer studio program.
That can upload a set of instructions to overwrite the original set of instructions to modify the
operation of the I/O to display as desired. This research is a prototype simulation set in teaching
media that is almost like 1 electric car, making it convenient for teaching and learners can understand
the operation of the CAN Bus system more from various displays through tangible devices. The
simulation set can support 2 seats, acceleration system, light system, and control system will use a 72
V battery that can be charged and use a 1500 W 60V motor as electrical power in driving through
working with the Can Bus system.

Acknowledgments: The simulation thesis for the electric vehicle communication system using the CAN Bus
system would like to thank Suranaree University of Technology, Faculty of Engineering for their assistance in
terms of budget and equipment for the project, as well as advice and close monitoring of the thesis from start to
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Appendix A: Testing the communication status in actual use

Headlight

(A1) Switches (A2) Headlight

(A3) Turn signal
- mm———

(A5) Emergency light B (A6) Horn

1

2 ' S » - :
(A7) Forward-Reverse gear (AS8) Electric Accelerator
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