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Abstract  This study reports on the development and performance verification of cell simulation boards of
simulator and the embedded program for board control of the battery management system (BMS) of electric
vehicle (EV) cars, which manages the next-generation automotive lithium-ion battery pack. Here, we have
improved the speed of the simulator by using operational (OP) amplifier and transistors that were connected in
series. In addition, using a digital analog converter (DAC) in each channel, we have improved the performance
by channel-to-channel isolation (isolation) as compared to the traditional methods. Futhermore, by constructing a
current-limiting protection circuit, one can be protected from disturbance and, by utilizing a precision shunt
resistor for the current sensor, we have increased the precision of the current control. In order to verify the
performance of the developed simulator, we have performed the experiment 10 times, with values ranging from
0.5 V to 5V, and a voltage drop step of 0.5 V. Significance analysis of experimental data, and repeatability
tests were performed, showing an average standard deviation of 0.001~0.004 V, indicating high repeatability and
high statistical significance of the current method and system.
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[O2! 1] Cell A]EYo]A HE schematic

[Fig. 11 A schematic of cell simulation boards
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[Fig. 2] Block diagram of address expansion techniques

2485



St/ 45 8|5 A137 A63, 2012

2.1.1 Cell simulation voltage source HE JHgt
EEECIE
o] 7hsdte s AAE e,

7023t Cell simulation voltage source~=
o 400V 7HA] A &
17} e v giect

[E 1] Cell A|Edo]lA At ARF
[Table 1] Specification of cell simulation voltage source

Voltage Range 0 - 5V Programmable

Current Range 0 - 200mA
Cell 74 40 EA
total voltage range 0 - 200V

Cell simulation board®] 3J|=Z9] Eo]| Aoz
Control logic ©f] 3], 10MBIT T]Xg IsolatorE /\]-—‘l
3lo] ALY O ZHE] board levelof| A 2Fets}g o
Isolation power= 15V, +5V WH{E zl=t} 18|11
16BIT D/A ConverterS ARE-3lo] tjX|€ dlo]E & oY
22 W3 314 2™, 2.5V Precession reference?} 25
ZZ 2 (Operational Amplifier) 28]e] S ZI=E A7)
shsich

2.1.2 Cell simulation current source EC JHdt

Cell simulation current source °JJA] Cello]] 2% A
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[E 2] Cell AJEFo]d AZ ALk
[Table 2] Specification of cell simulation current source

Shunt resistor 50mV/200mA ( 0.250hm)
x 100 (OPTIONAL)

0 - 5V (200mA)

Current signal amplifier

Current signal range
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[Table 3] Specification of cell simulation temperature source

0 - 100K
10BIT

Temperature sense resistor

Resolution
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[Fig. 31 Final product of cell simulation board
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[Table 4] Specification of cell simulation temperature
source

8BIT WIDTH
ADDRESS LINE 8BIT WIDTH (256 ADDRESS)

CONTROL LINE WR, RD, RESET
POWER LINE BUS

DATA LINE

[O8 4] 2% /idE Cell FIEE HE
[Fig. 4] Final product of cell simulation control board
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[Fig. 5] Final front panel of cell simulation control program
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[E 5] 2% gl o4 A4 25
[Table 5] The analysis result of output data

Input . STDE AVG.
vor | AVG | Mex | Min V| Total Volt
5 | 4999 | 5003 | 4992 | 0.001 | 199979
45 | 4500 | 4504 | 4498 | 0001 | 180.014
4 | 4000 | 4006 | 3998 | 0001 | 160.035
35 | 3501 | 3510 | 3498 | 0002 | 140.058
3 | 3001 | 3013 | 2997 | 0003 | 120062
25 | 2501 | 2514 | 2497 | 0003 | 100.053
2 | 2001 | 2015 | 1997 | 0003 | 80.070
15 | 1502 | 1518 | 1498 | 0.004 | 60.100
1| 1002 | 1.020 | 0997 | 0004 | 40.112
05 | 0502 | 0521 | 0498 | 0.004 | 20083
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[Fig. 6] Graph of output voltage when 5V applied to the
cell board
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[T 7] 45V Ay A7} Al &9 A 2=
[Fig. 7] Graph of output voltage when 4.5V applied to the
cell board

A5t 4
a} 7ol Cell 17~19% oA JA] A} W3lr}
Ueow, Sojalgo 2= Cell 1104 713
FH4.007V)o] & E|9ict

[O2 8] 4V MY 7t Al &8 AY =
[Fig. 8] Graph of output voltage when 4V applied to the
cell board
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& HIE YERQch

[ 9] 3.5V M Q7 A] &3 AY 2=
[Fig. 9] Graph of output voltage when 3.5V applied to the
cell board
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[Fig. 10] Graph of output voltage when 3V applied to the
cell board
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[Fig. 11] Graph of output voltage when 2.5~0.5V applied
to the cell board
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