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JERU AW AR ABSTRACT

ABSTRACT

ABSTRACT: For the considerations of energy and environmental issues, the electric
car has been developed fast under the joint efforts of governments and vehicle
manufacturers. In all kinds of electric cars, EV has become one of the most important
development directions, due to the realization of the true "zero emission". For its energy
density and excellent high voltage performance platform, Li-ion battery has become the
ideal power source in EV. However, the anti-abuse capacity of Li-ion battery is poor.
The safety and long-life of Li-ion battery, especially Li-ion battery pack has become
urgent problems in the management of Li-ion battery use.

For the current problems in Li-ion battery management, the paper studied the
Li-ion battery management system in EV which was used in bus services for the Peking
Olympics.

The paper studied the basic working principles of the Li-ion battery at first. From
the perspective of the Li-ion internal mechanism, we analyzed the factors which effect
Li-ion battery performance and safety. At the same time, we did some tests about the
Li-ion battery characteristics. On this basis, to the objectives of safe and effective use,
Analyzed the use in vehicle and working environment for Li-ion battery, put forward
the management strategies in four areas, as battery SOC estimation, thermal
management, insulation detection and charge mode for Li-ion battery pack. Finally, we
designed the hardware and software of the Li-ion battery management system,
implemented the battery management strategies through the use of software algorithms
in the battery management system.

During the Peking Olympic Games, a total of 50 electric buses equipped with the
BMS have operated and achieved a "zero failure" stable operation.

KEYWORDS: Electric Vehicle. Li-ion Battery Management System. Charge Mode-
Li-ion Battery Safety. SOC Estimation.
CLASSNO: U463.63
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Fig 3-4 Flow chart of thermal management for Li-ion battery
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Fig 3-7 Charge mode based on terminal voltage
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M TR THEBREGEHEE (1.7V~5.5V), E#TEERZEH-40T~+85C.

AT EN SR EERY RS ETIE, RIENBKIES BT, BEE
T —3ChRFF 3V AT R IBE & P B UE . BT A BRI 4R AF IN4148 2
Hl, FFBME SV BEMBEITHRMtR, TFeth SV BEHE,

(3) ¥R, EXHER EFEFENEFR IBERE S TENRES KU
RETEh e EMSEEIRIIR. Hd, REASBERBETE TENLMR
HERBE, FRAEGRITFMFE DR FM24Cl6, FREZTRA 2K 1, TEE
REUEFN 10" K.
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(4 EFERMEGEREESRERGIE. BIPEREN CANOED., 5EH
EFRRGMIEBIEEK CANL O, 5 EAHUEER RS232 O R SHIEHE
BB {50 485 0.

HF MCU W& CAN 155 RS232 ik, R FEESE BRI P
FALER BRI AT 2 I TFE K . CAN S K A BB P A4 82C250, RS232 KA
B HUE R MAX202. BHT CAN B{E4 B 5B ERLRE M, ATHIEE
EhRE ERTIE S8 CANEIRE % B A CPU B WAL IEE LIE, ¥ CAN
BEERE CPU Z M T AAEMRE. RS232 H3LEGES, EABRELZTFIRTHE
RBE, NERHZENRAFRE , HREKRETREER, mEsiTReen.

RS485 B—FEN TEMEFERL, ERT—XE AN ENNERERF, EHit
EARMERRENL ER., WSR2 HAEEEERTR. XAMNRZ MAX485
SR, FER TR EEE ERTIR, 3T 485 B CPU Z B #1TRE .

4.1.3 TR E B

1 CPU

W g% F B CPU M E BB E Rl — 4 &5 MC9S12 () MCU, % (8 2%
Btk ERERAN I/0 HEMEGERMOERULBANEE, MIZHEHRE CPU &
I MC9S12C32 85, KA 52 EMM .

2 HENE

SHERMITE, EWAbBEEY TEBRRLA 3.0V-4.3V, REGHE
FERBRMEH. MHEREE SOCMEBER M —REHNEENE, FHHHE
£ X P Tt 2 B P BB FRLUFE B A L B T LR BRI R

MERHKABASTHRBAENBEHEWELERNEMEZENE. L8N
ERMNF—2% 8, ARETFHMHELATRIESSBE, REKKHERE
FENHEE. XHUEHERERES, ARNERELEHHRE Rit
REBK, RESBKABEBROHESMEEEERAGHGE, AR
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B, +B,+B, M E#EAU,, KikKHE. Bk, &Ry EEENU,. U,. U,%
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Uu,=U,(1%24) (4-1)
Ven =U, =U,, (4-2)
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Fig 4-8 Voltage measurement using resistor
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RK, ERIEREEREE.
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Fig 4-9 Voltage measurement using relay

RRAZMTR, HBHAEKEAU,, #BHBEERAU,, ¥ B HE
B AU;, KR TUEE, ZMTEFENU,. U,. U,SRERE
EMES, BHTER-NARE - 4mSKE, Fitwh EmREM0HE
ERESAE, MEBNTE. ZIRNEENE 4-9 for. BEf, T
H Ot MOS 2mds, sl ERprBhfe, FAHTHRERKATE

ETFR, FathAE T EK.
(3) EHEMERSA

EZH R EBENAE 4-10 iR,

N g e I by

—_— - — .
T ™ i
= w Lt
T n i — JA~
. = | . - {ﬁ

==, — L1

£57

. L w 1

=_mn 9

B 4-10 RERBIZRS

Fig 4-10 Voltage measurement using master-slave system
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Bhat T —MIBRRNEH TR RE MR, JLAEBIEH—
AN ERR, 8RR AT A s Mt K IR, 0 I8 F it A R R
TR, RHAFAE SRR, SARNER BETERIEMEE, FHE
B HEEIEN . SNMMERRE X EERY B@SEREERE. dTERR
EEERESAEFES GEEK 485 8L CAN &), HiTHaEHER. B F
WEM R T U ZHERBMIE, SFESRNERTURE, HTREIFT—E
B3R & o

ERNAHTESERRA, TERBLREFSENTR. R4THRRT=
TR

F 41 ZHRENETT RN LR

Table 4-1 Comparison of three kinds of voltage measurement

ZH | R | BRR | 22 | Fa | K | K
= (<3 5

RMES | B2 | B | X & 3 13 —
J_TE

#udE | B | BAE | B & F% | 7% | R

£+ | ®R | Xy | BA Bm K F 2]

BER G, B LRNABBIULFEHTRERIENRSRBMKTEE
SUMEILEINEN, ERBL, FEHTENELZBFEELREL REKE
B, HFEME MRS, ZRBIMHENLEFENARE, ERATEFRN
FER.

KERM BRI RSB L h 18 WA R BT AR . A RGEFENS HL Al
AT BRI R, FIA CPU B 54 VO Oi%i# CPLD i/ XC9536 4fi
M FLERIFH 32 FRE, BEI XC9536 Bizh i MOS 4k 5 AQW214S,
kX LTI B & .

BT RRKREE 3.3V~4.2V Z (8], E—8K AD SRUEEEZ . B
EMEZET, LAMTHESELE. B, ATHIEEERES), AUNERE
BSmAA—A 0.1u MEEHTER. B T#TREIEZERIET BENENE
B, ZRARIEERT MAXIM A& MAXI111AEWE. MAX111 f§/ 5V {tH,
SUEEEAN, ZHEIE 0.05%, HRFELEREIE 14 0 AD {H, —p#Hizie
PLR—ANFF SR iSAL, BT R TEREREZE 2V~6V XA, #H 2kQ.
2kQ M 1kQ MR E. ZERFHER 4.096MHz &R, B4 RERANX
25 100ms, B 4-11 5T MAX111 HEHE.

46



B S N 2 i VAT 8 0 W jth B TR AR A A SE L

U35
110CS 9 = — 3 110BUSY
110DOUT 10 ¢S BUSY 7 110SCLK
DOUT SCLK —
110DIN 11 DIN XCLK 6 110XCLK
VOL GND 12 GND RCSEL 5 VOL GND
VOL GND 13 4 VDD
14 ViS VDD 3 VREFV
e IN2- REF+
{ 15 IN%+ REF. 2 VOL GND
VOL GNEﬁE 16 INL- INL+ 1 VIN+
MAXI11
B 4-11 MAX111 &R

Fig 4-11 Pins of MAX111
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B R R HRE R 24 A RE DS18B20. DS18B20 /il & 75 [ A
-50C~125°C, FEERIX 0.1C. ZREERBATEGING A/D HHmlg, HEE
BEEESRBREFERE T CPU, DS18B20 Mkikm Bl 5 E M HEH X,
BERN 9 PIAt, BAHEWEEA 93.75ms; 10 I, % 187.5ms; 11 fIft, %
375ms; 12 frBf, K 750ms. HTFHBEBRERIHEHRNREAEEERFFE
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Fig 4-12 Driving circuit of DS18B20
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Fig 4-13 Circuit of fan control
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4.2.1 FEERES
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Fig 4-14 Flow chart for main program in control module
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485 B, FMMIIEAE, FIMAITERE, CANO. CANI @ RA 232 & iRE TR
K,

(1) 485 B R M EHHITHEG . FEFEERM, FERRE - HHS, ¥#
BEZNERMENEE, TEAFERARREE. RBBESEE. B4, &%
T BT 485 EEBEHITM S BIRIEIT S HOR E L IERIDIRE.

(2) FEFR B EIE AL 3RSy, R MNREREREIMBEE,. BERENES
MEM R, SOC FHIEHT I, BHdRRE. SSHNRKXB/M%E,
FF AW R A RS L, BEREE S, K. soC iR, SoC dfk. I
M SE. B, RNILEEFSH.

Q) B4, MraMETRG LR, A RMEHIEHTIER. P, WH
EHERE 5 HHIER—K. X REMEE, SREFOBER, EERAA
BE; HMBRTE 3 Sk —K.

(4) CANO @R, FHHEHIETFHE CAN2 MEMMNBESHIR. maINZEE,
B RS B REGE RIS EIE A HIRKEE .

(5)CANI @i, EEHEHET CANI BAtMEEEBREAFERE SR EM
PR N

(6)232 iR, 232 BARAKS, BFLLATHERBRETEFTE. SHRE
LIhke. F5h, AR RREEE LA E PC AL L, DUERST ALt V40 500 B
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XFFAGR I, RBP4 2% 8 R B LA I . T 48 % o) B 8] BRr i (5 434
MR XHERAMUES R RMAGRG, T UREFXENFRES, B
BMCURRAHEE.

T K R 2 B ) B R O BB 8 55000, ERMMEER R LR, &
S AT KW, HFNEIAEZHER S, SRFEMEITEMN. S4%0
RESIE 3 K, IWAHRBARAGHE, FERAHREGFR. WRALZRE
B, 5 28 EREN—K.

BIXI B, 2 —4 504 45 MOSFET Wi 7T i f U & 18, 55 — 4 %3 4 MOSFET
SEN ARSI, ®ikfE, #EidHE MOSFET MR T ASERE, RERTH
BgELItH.

A T 8% MOS BRI R BIEES), BRUIEGE, SFMFHKEE, &
BUE 3 KB BMEfE A THEAME, DRSS BT .
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Fig 4-15 Flow chart for insulation detection
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Fig 4-17 Flow chart for OCV modification
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Fig 4-18 Flow chart for charge control
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Fig 4-19 Flow chart for main program in detection module
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Fig 4-20 diagram for voltage measurement
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RENERT: 8101 5; HUKRIE: ARXRBHEEE
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Fig 5-1 Charge curves on the cooperative mode
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KRR L. REAMBINKELRR TIERIEE 500V A4, BEIFEL%R s
BREYIE BRI S00V L EREATREE . i 7EMRIEAT T B R A S st ) 1F 47 B3
22 18] 43 3 3N — R B bR vk i BELAY B B A0 MR ER R 75 IE W 31T A B R,
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% 5-1 AGRN RG BE

Table 5-1 Data of insulation measurement

FHNAPFE (kQ) | 444 | 304 204 100 82 67 41
F| MEREKR) |441 | 303 203.5 101 83 68.5 43
B wE (%) 0.7] 0.3 0.24 1 1.2 2.24| 4.9
| NRHAE (%) | 0| 0 1 1 1 1 2
SRABE (B | 0 1 1 1 1 1 2
FARPFKQ) |438] 306 204 99 82 67 41
£ | MEFMPHKQ) |437 | 308 206 101 84 68. 8 43
# RE (%) 0.20.65 0.98 202 2.44 2.7 4.9
% | MIRMRE (%) | 0| 0 1 1 1 1 2
SARMBE (K | 0 | 0 1 1 1 1 2
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PRI AR, RIET Z8—Hitt#) OCV 5 iR ARIF A, ERXA,
EXEAZHCHERRZW, XEHARIBA SOC HHEHRT —MTR.

GYEX R AREERYL THRZE, ETHRsFERP BRI —E0E,
MEHRR SOC 5. HAFHE ., RibALZRNME RitbH RN 4 M F R Y
DAk B i 1 B RS

SOC HIfhS, L. ¥ BaiMSE T RIS, FRIMAHREE
BTRNASE, RATEZHRSAITRBEGENGFEETR. N TITBALEN
WA, KA TRABENTERBERBACBERZW, X TREERE, RER
RAFE, RALERE. H5% ATHABREFHNEERR, RXREENNT OCV
—SOC M4k FREZWE RN EHTRIE, #% OCV KIREMRE KK SOC
BERE.

BEH, RXESTRENBRERENZESEMEREMLE, RESETR
HIRA R T 7 B e BT /D R TS B A SRR
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RREEFRA T REER LR —D ok, A e bE 8oy fiaE & TR
AR EREAR, BRERERRN, RIiET S BIRELAZRMNATERE
Ko

EREEEMTANRS ARG E, 20T BT BB EN RS
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