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Abstract: A battery management system ( BMS) for energy storage power station is designed. Based on the
topology of the BMS of energy storage power station and the characteristics of lithium batteries, a BMS with Freescale
microcontroller unit (MCU) and ADI battery management chip( MC9S12 and LTC6811) as core devices is designed.
BMS can realize the voltage and temperature collection and balanced control of the batteries of multiple circuits.
Meanwhile, based on the sample data, the state of charge (SOC) of the battery can be calculated by utilizing the
designed improved ampere-hour integration method. Based on the real data, the sampled values of battery voltage and
temperature are compared with the real values, meanwhile the balanced effects and SOC are analyzed. Experimental
results prove that the designed BMS has high sampling accuracy and sampling speed, and the balanced control is
reasonable. The error of the estimated SOC value is small, indicating the practicability of the designed BMS.

Key words: energy storage power station; battery management system; battery voltage collection;

battery temperature collection; balanced control; state of charge (SOC)

0 7 = Wi T, B T XU AR B RE & L R BEATL I | ] B
o PEFIPE S IE R4 A5, 5 B0 P A [ /Y
R OGRS BT BE IR A REVRZS A FR i (5 LU A RaRMELRADEE . 17 DR ri I 1 A, 8 rit Yt i

Wik H YT 2020-03-19;5 Wi fERichi H 1Y) . 2020-04-29
YEE A AEBL(1989—) , 55, Wit , TCRRU, W50 1) o fiff R PRl oL T A8 B R G SCHEROR



& AU HHZ-H) %8 2020,47(7)

WrRed A i S b i | EMCA

FEAAE L X R R AT A 2 L D B A R R 45
SR 5 IE R W ROT RO HE L SR, 2
I 187 ) AR P Tt T B 0 22 U R IR A B A 2 i
B RGBSR, 7 AR vh nT R S Bt 78 L 2
G, LR TR = T R 10 S D PR e
b FL R 22 (]2 HH AN — 350k o it A R B ]
R B XF I B, AT R E A
I A YL ( BMS) S BB Lt A H vl 2 7 58 R
B A5 BASH. I il At o r RS (SOC) Ak
AR AT RE, R I AE R BE R LK ] R
A7 T, BMS B BF 5 £ B2 v A AL 3 934 40
5, i 8 FR Sk N FH S B b, Sk [ 4] LA
STM32F407 S #Z O 5 4%, LA TI B9 BQ76P1L536
A LA B R T — Rl SR ZE A BMS,

SR Freescale B 5L 5 #ILAE by faf 45 il 5
JG(MCU) |, [l B 2R FH & ol 1 Fi b 45 BES B, 18231
TR TG RE L U5 A9 BMS, % BMS A] SZH
Xof LA i H R TRLBEAR S SRAE T AR RAE AR
P AT s A K SOC A kil R & AH R 54
PEAT A5 S XU A S B . [RIR AR i
SR H 15 L BB 18 Y A B A T e it 3
R, PE TR — Bk B T R i
it o ARSCX BMS 98 AR B 5 28 E AT I 3 5 X
BMS (1% 8- AR () B A5 11 ] B 2R 47 15 B 5 >R
— Pl Y 22 s A3 %) BMS () SOC EAT A
XTI A BMS #4730 56 058, 55 5F T % BMS
FI T RE A BRI B2 T 584

1 BMS E{Ki% it

ik fE L BMS R JH— £ 2 MR 5D,
—/NHL A M L T (BIMU) T HA & T4
it R HREIC (BOMU) , —4> BCMU T A7 %
T H LT (BMU) , Hor, BMU AR %
MNERG IR oy, FE DB R
R, bl B R B R M) A 4 o A L O R SR AR B Ab
ML J5 st CAN B2k % & BCMU, BCMU #
P BMU b 3% 504 3647 SOC 180 A 45 %5 8 4 )
Wr, T R & 484 3 BMU BT A 1 19 304, 1o
bR s I N e R 1 7 T TR P =
BIMU 7] %§ BMS A5 5 b7 7w , I v] 76 B 1
ANTAEMEE .

ASCHTE T BMS AEEANE 1 s, BMU

R MCU A L i 5 2 BT LA 2P
12 BEEL T F R AE 516 3% L B SR A [
%, AT SPT R ks SR A 10 Hi b R 5 L
ik 2= MCU, BMU %4 2 #% CAN {5 [l i,
Al CAN S5 BCMU HH T3l 15 .

BIMU

CAN £k

o] oo o]

CANE £ CANGLEL

|BMIJ||BMU | . | BMU' ------ |BMI.‘- || mﬂ;]- : -|BMIJ|

1 BMS 2 {kh My iHE K

Horb M A N R LTCO811, Z (T ¢
X H ADG1606, MCU 3 f] Freescale [
MCI9S12XEP100MAL 5 A, R ket B>k A TI 19
ADS8588.,

BCMU #45 BMU |- 3% £ 25 & R Aok
LR R R B B 8 2k L BH E AT SOC if
BRI ER AW, BRI T & 464 2 BMU S TAH
NN AR, I R 2 B B 3% e 00 e 45 2 3 1
CAN £k [i% BIMU 47 5 R © .

2 AGRERE BT

2.1 mRMEERERHEEGRRE

HL Y R T SR R R A R O AN BT 2 BT R
LTCO811 ,t5 i N 2 4> 16 i ADC RAEBLHR,
A~ ADC SRAFBLH R 22 Al 2R 6 R L s, SRR AS
R R AR A

R,

= GND

P2 A b R TR R AR B 2 F

LTCO811 .t i N & 1 i v [l g%, Hovp €O ~
— 59 —



WREIR R HL S Ml | EMCA

I AL B IEH) 2@ 2020,47(7)

C12 Ay e A A S I, SO~ S12 5 I - v v 24
15, SC P e Yt 8 4 R Bk s 245 07 28, T A0
MOSFET JE47 HL 1t 249 45 i v, 3B 4t A b 9 24 34
T SR AIL, AR B S0 XU , AT 2 s
FA A o e R T e SRR B
(B BAR B L R 3 K, 78 MCU A 45 4 S
5| JE H P R S8 A0 9 MOSFET JF ¢, S B i
F5 24K 3l MOSFET M4 (4 4075 L % e R 45
AL AT . P2 LR, O 33 Q A
REL, P TS REZ A b g, o T 1 i el BEL AR T B USRe
2512 #4345 75 44>l e [o] % o 316 LED 45
KT, 25 249465 77 J5 s, i FRL e 3t 7 oF O [7] % 1 LED
KT 2emsi, UEH % [0 5% T F 7 H Ak T 28 47k
AR HL A FRR R LTCO811 il i SPT A4k
5 MCU i#{7%, SP1 Bk 4 4S5 i - 47 i jHL %
HEF LTCO811 Py Fa R U, LTC6811 3 it vyt 41
fitr
2.2 HBMEERERK

HL 4 BEES - LTC6811 [ 4 5 % GPIO [a]
s, AT 5 22 BT ¢ ADG1606 it 4, 58 X A
MR AISREE . ADG1606 45 16 %R FE [l %, 4 %
T R A MCU ) 4 B GPIO 45 i 5
ADG1606 113 i e £ 45 1H AO ~ A3 A%, FH T it
PR FEIE I, LTC6811 1) GPIO1 5 ADGI1606 [
DOUT 45 I A %2 , 12 W5 R B2 SR BE B4 . ADG1606
B TAN 16 136 B R A 8] B, 5% i NTC W] %
B 12 715 R R B | P PRI LU R 5 o B R
JiE A YL SRAE AR
3 muwFlowEGEE R

SOC 15 22 1) v Y Fr) i FH) 75 i B FE LB
H e SOC A 307 A3 22 - AR vk T B v I
e IR SR Hod 2 R R
H Y SOC Al 077 1k, S I pAY 1% 00000 46 9 Ve
{H SOC 4790 Uy {8 B vy 370 00 2 4 A o 1 4 5 5K
SOC 15 2= Bt 1] SR Bk A, T e TR v 1)
HLYL T B4 HLTE 5 SOC R X 6 B A SOC, Toik
BT SOC . /K Sk Il vk 3 ok 338 i 5
SOC Wy fre/INJT 2240 550, 5 SRR = K5 B2 1Y) L b A5
U AR SR LA B A M VRS 1 R Rl
b B T R g - RS R A e vk
TR o
60 —

BT ik R 22 - R 4 ik Al BED SOC 1Y AP B
wmr.

(1) fli% SOC (1) . 4 BMS 2 — kK L H iz
AT, H b 2 A 125 R A, SR FH T 3% L R A
SOC (1) "™ . it #F & SOC-0CV ¥ % 77 X
FREL SOC , iz 2 >0 SOC FIFF i i He 118 X6 i
2, S H R AR

(2) {55 SOC () o 5 rL i by 25 5[] 3 5k
TEE [ T) TR, DU A R &2 31 R 2
Uity FEL 55 T 8% R A A, SR O IS FL e T A e A
#S0C (1),

5 HEL AL SR ZE S ] A AR A e TR] T AR, DUIA
FELHE &b F T IR S, AR P SOC (¢) WIMHE, SR
G-BE R EAG B SOC (1) o Z-BF B0 ik i i 5
LWF

SOC(1) = SOC(1,) + Qlj kokeide (1)
A H1:S0C (1) \SOC (1) 435K ¢ .1, BFZI ) SOC;
Q. AHIBHE ST A S B R Gk Ky
A3 ) R RE R A PR VR BIORH 5 i A K, T
A PR R AR
2 Mok U e s an ik 3 iR .

(0 ul_Soct—t
e \*
BT e H B fj:j ﬂ;[jf 5
|

Lo i) T 8

K3 SOC U2 g

4 R I e

MG 2 2 5 Aif BE i o SR8 A9 F Yt B
i FL A R A R v R R A R R R
PR SE BB LR 25 SR e 1 o, i 1 al Al
FEL b F R P SR AR (L RN S5 PR (EL Y 1% 22 7E 0.002 VL)

T FE b, XA A R S R v SRR Y S VL
{E 5l Aglient 34980A il 75 1) 52 B AH L 442 , 45
RN 2 Fion. W3R 2 nAT, H it i B Y R AR
SSEBRERRZEEL R 1 °C T 2 SEBR N A



&AL B AEH) %) 2020,47(7) Witk R | EMCA
F1 ke ENEE S SRR
MFE M URSR Y R S0V || WS RSV AR RV
1 3.571 3.571 0 7 3.563 3.561 0.002
2 3.577 3.575 -0.002 8 3.570 3.571 0.001
3 3.585 3.586 0.001 9 3.569 3.570 0.001
4 3.567 3.568 0.001 10 3.571 3.571 0
5 3.570 3.571 0.001 11 3.584 3.584 0
6 4.040 4.041 0.001 12 3.580 3.581 0.001
F2OREHRENEES TRELR
MO SR IR C B/ || BRI C AR R B/
1 31.578 31.721 1.143 7 35.145 35.653 0.418
2 29.762 28.965 -0.797 8 30.652 30.879 0.227
3 34.351 34.965 0.624 9 35.672 35.821 0.149
4 29.874 29.164 0.710 10 30.472 30.862 0.390
5 35.254 35.672 0.418 11 35.314 35.982 0.668
6 36.762 36.985 0.223 12 30.761 31.192 0.431

H 1 A6 S HL B FE R 4.040 V, HA4x
Pt ] (B 9 SF- 24 L R 3.573 V6 5 L fish
Wesh M5, AR 10 s i8¢ 6 St IR, 30 5
R 2 s 1 4 PR, R 4 BT, 6 S EL
HLHE 76 7] 3.573 'V i 3T, B2 k¥ i Lt 5
3.573 VIR 2/ T iR 1Y e 25 B E, ik L 15
1E 25 FL T Y F R R A TR B — B, M A T B &Y
200 s,

e il F i e ot 2R

0 20 40 60 80 100 120 140 160 180 200
ils

B4 Sl s R

i L TR D S R R A By Sk, XS
SOC ML RMATINUE . Ky Jky THEZRATT
ky =1 +0.007 x (T, - 25) (2)
k, =1,S0C_Cycle < 500
k, =0.98,500 < SOC_Cycle < 1000 (3)
k, = 0.95,50C_Cycle = 1 000
AT, AFM YR E ; SOC_Cycle 2 H 1
IRUREL by 0T SRR A R T K B A S
Peukert A AT,

T B H PR AR TS BEARUIE O T L it A A
(1) 85 i 2 3t SOC A kg S Bl , W 95 K4l
Fi475 B, A5 3 TR - i R A3 RN S B B AR b
Mgk, g 5 s, 452, oot B 2 -m Ly
B0 SOC 815 2% 24 Jy £ 10% |, Tk & 22 46 oK i

100
80
2 60 SOC: ffil
3
» 40
20
0 1 2 3 4 5 6 7 8 9 10
1107 s)
K5 SOCfH8E1(E
5 # &

K MC9S12XEP100MAL 1 LTC6811 it
T —Fhfig AE f 3k 19 BMS, 3 2k 4 B A e B 4 158
T, AT S B H Yt 2 B A R B, HL A SR
W GEAE S Re . W, Wit T —Fh i
R[N AR3 , BE BV b Ay S5 L v vt 2 1) )
A 8 I BIE , 1% R G it L R
WRZETE 0.002 V DL P, H b i B I o % 25 20
1 °C,S0C PR 22 +10% , &1t 158
CIETS
(T4#% 8 1)
6l —



