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I. INTRODUCTION

The worst air pollution is in India, particularly in Delhi and Mumbai. In 2019, India had a total of 20 cities on the list of the
world's 30 most polluted cities. Industrial pollution accounts for around 51% of total pollution, with vehicles accounting for
27%, agricultural burning for 17%, and other sources accounting for 5%. Pollutants in the air have a negative impact on both
the environment and human health. Pollutants are classified as either main or secondary. The most severe form of air pollution,
in which automobile emissions are the primary pollutant[1]. In India, the choice to use electric vehicles was made in 2010. The
government provided a financial boost for Indian electric vehicle makers, with the Ministry of New and Renewable Energy
approving a Rs 95-crore scheme (MNRE). It is critical to build a battery management system that is compatible with the
batteries in order to use the battery safely and efficiently. Chinese scholars have done a lot of studies around battery management
system and achieved certain results [1-6]. A battery electric vehicle (BEV) is a vehicle that employs a single battery as its
energy storage source. The power source and drive mechanisms are the most significant differences between them.
However, BEV technology is still in its infancy. The high cost of the battery is one of the most important influencing factors
in BEV adoption. In recent years, there has been a lot of research on the best battery management for BEVs, although much of
it has focused on the application management in the BEV itself [7-10].

ILBATTERY MANAGEMENT SYSTEM’S STRUCTURAL DESIGN

The construction of a battery management system (BMS) can be separated into two categories: centralised [2] and

distributed [3]. In general, the usual approach for managing power battery packs is centralised. Because the readings of a single
cell are not synced in the centralised management system, erroneous estimates of SOC result, affecting the vehicle's proper
operation. The distributed battery management system based on dual CAN bus was created in this study based on the structural
features and functional needs of lithium-ion battery pack in the investigated pure electric car.
The battery pack is divided into multiple modules, each of which contains number of monomer batteries. After selecting each
group of cells as the test object and establishing a control module, the control module can collect the single battery voltage,
current, and temperature, as well as perform real-time and synchronised data collection. Meanwhile, the RS485 bus was used
to connect the modules, ensuring synchronised measurement of battery voltage, current, and other parameters, as well as
transmission dependability. The battery test module, as shown in Fig. 1, measured the battery voltage, current, and temperature,
and then transferred the collected data to the microcontroller in real time through the RS485 interface. mastery of the situation
The CPU Unit is in charge of analysing cell data, estimating SOC, and implementing a charge and discharge control plan. The
battery SOC, cycle life, failure performance, use history, and other information are stored in the data storage unit. The
communication unit supports both CAN bus and RS232 serial connectivity. In this case, the CAN bus is in charge of vehicle
communication, not only delivering battery information to the vehicle control system but also receiving vehicle control
instructions. Meanwhile, RS232 serial communication is used to communicate with the monitor system on the top control unit.
As a result, the visual interface of the upper control unit displays all of the battery's information, and data can be stored and
queried.
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Figure 1: VMS's Key Input Signal Monitoring Circuit

I1l. THE ELECTRONIC CONTROL SYSTEM DESIGN

The electrical control system of the BMS central controller comprises of a BMU (battery pack management control unit)
controller and an LECU (battery module management control unit) controller, and the controller's operating environment
temperature ranged from -40 to 85 degrees Fahrenheit. The BMU controller connects with the LECU over the CAN bus, and
the LECU collects and uploads single-cell battery voltage and temperature data to the BMU. The BMU then analyses and
interprets the data for the car battery and communicates with the VMS (whole vehicle control) and Charger over the CAN
bus. The electronic control system's power is supplied by the vehicle's 12V lead-acid batteries.

BMU controller design

In most cases, BMU is powered by the car's 12V lead-acid batteries and the 12V charger power when the car is charging.
BMU is off in the system's power stoppage condition, and its static power consumption is less than 50uA. Meanwhile, LECU
is turned off, and because the LECU voltage sampling input disconnects the connection with the battery pole via AQW212,
LECU static power consumption in the power stoppage condition is less than 2uA. As a result, the output system's power
usage is less than ImA. The master chip, C8051F040, was chosen, and it integrated with practically all analogue and digital
peripherals, as well as other function elements, to produce a single chip intelligence node for data acquisition, control. BMU
features two CAN interfaces, one for CAN2.0A/B and the other for CAN2.0A/B. One method is for the BMU to communicate
with the LECU of each module via the system's internal CAN bus. Another option is to use the system's external CAN bus
to connect with the VMS, charger, and other external devices.

BMU features three digital signal inputs: one for the VMS Key signal, one for the Charger Key signal, and one for the
MC hard-line signal. By converting three signals, they are sent into BMU 1/O ports and examined in real time.

LECU controller design

The BMU supplies the LECU with power, and the BMU's power supply system uses non-isolated DC/DCLT16761S8 to transition
the voltage from 12V to 5V. The main control chip, C8051F040, is utilised to achieve CANB network communication because
it owns the CAN interface. Single battery voltage signals and temperature signals are examples of analogue input signals.

The design of a reliable power system

The circuit designs of BMU and LECU power supplies all contain an anti-reverse function. In the converse instance, a diode
is used to block the current route, while the input voltage is clamped at a diode voltage drop value. A TVS tube was installed
between the anode and cathode in the power supply input to prevent over-voltage, and a recover fuse was added to the input's
anode.

The design of a reliable power system

The following are the hardware anti-interference measures: Photo electricity, magnetoelectricity, and relay isolation are used
in the 1/0 port, and the common ground connector is removed. To minimise the loop area, reduce the induced noise, avoid the
90° line, and reduce high frequency noise emission, CAN bus, RS485 and other communication lines use twisted-pair, excluding
parallel mutual inductance; when wiring to the best of one's abilities, grounding lines of microcontroller and high-power device's
power supply should be separated to reduce mutual interference.

IV.SYSTEM PERFORMANCE TESTS

The accuracy test of the SOC algorithm

To mimic the battery's operating circumstances, measure and record the start and end values of SOC, as well as the emitting
AH value of devices, and compare the results. BMS started at 90.1 percent _SOC and concluded at 9.5 percent _SOC,
resulting in an 80.6 percent difference, an 81.3 percent difference in equipment, and a 0.7 percent difference in SOC
accuracy.
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Currently being tested for accuracy

Current sampled value was used to calibrate the current sensor. And the current sensors in the two rings were calibrated
separately. The small ring was calibrated as -60A ~60A, and the charging and discharging process was rectified by using 0A,
10A, and 20A points. The huge ring was calibrated at -500 ~500A, and the charging and discharging process was rectified by
using 0A, 50A, 100A, and 190A points.

V. APPLICATION
In various sectors, battery management systems (BMS) are used to monitor and operate battery banks. With Lithium lon (Li-
lon) batteries dominating most energy storage applications, BMS have emerged as a vital enabler, both in terms of functionality
and safety.
BMS use a variety of communication protocols, including Modbus and Ethernet, but because the Controller Area Network
(CAN) is the de facto standard in automotive communication networks, it's no surprise that the battery management industry
has relied on it to connect individual battery monitoring modules with the stack controller and power interface in many cases.
CAN's great resilience, real-time performance, fault tolerance, and noise immunity, like those of other sophisticated embedded
systems, make it a network of choice for many energy storage applications.
The two primary industrial segments that Battery Management Systems service are:

e Electric Vehicles
Electric vehicles include electric automobiles, lorries, and off-road vehicles like golf carts, as well as electric-powered industrial
like forklifts. Battery banks in forklifts, cars, and buses often interact with the Battery Control Module through CAN.

e  Grid Power Infrastructure
Battery banks are used as backup power or to defend against power fluctuations on the grid in grid power infrastructure. Cell
phone towers, A/C power substations, Internet infrastructure equipment, aviation ground support systems, tower
communications and weather stations, as well as Distributed Energy Resources, are all examples of possible applications. Solar
and wind power facilities are examples of the latter use, which is a sizable industry itself.

VI.CONCLUSION
A dispersed battery management system and an electrical control system were designed in this paper. Data collecting, SOC
estimation, data presentation, CAN transmission, fault alert, and other functionalities are all possible with a modular design.
Experimental results show that the system accuracy and reliability meet the requirement, and the battery life may be
extended, thanks to hardware and software debugging, as well as temperature, SOC, and current accuracy testing.
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Figure2: Battery Management System structure
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