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RESEARCH AND DESIGN OF MASTER-SLAVE BATTERY
MANAGEMENT SYSTEM FOR MINI VAN
LOGISTIC VEHICLE

ABSTRACT

Shanxi province is a major province of coal and an important energy base in the country.
Changing the “one coal alone” industrial structure, promoting the energy revolution, and

achieving economic restructuring are urgent issues at present. So Shanxi province proposed
the development strategy of cultivating and expanding the new energy automobile industry
and accelerating the promotion and application of new energy vehicles. In March 2017, the
Shanxi Economic and Information Technology Commission issued the “New Energy Vehicle
Industry Development in Shanxi Province in 2017”. The plan focuses on the expansion of the
scale of the new energy automotive industry and the promotion of key projects.

In recent years, with the rapid development of e-commerce, the demand for pure electric
logistics vehicles has continuously increased. E-commerce traditional logistics vehicles
mainly are diesel and gasoline-type vans. With the rapid development of China's new energy
vehicles, pure electric logistics vehicles have also become a new type of transport vehicle that
Shanxi provincial government and new energy vehicle companies vigorously promote and
develop.

At present, special research and development for mini-van pure electric logistics vehicles
are few, which leads to the driving range and battery life of such models not achieving
optimal results. In view of this situation, this paper combines the car battery layout and
comprehensive driving conditions of a mini van-type pure electric vehicle, and studies and
designs the state of charge(SOC) estimation algorithm and battery management system for
lithium batteries.

This paper mainly completes the following work:

(1) Designed an anti-diffusion SOC estimation algorithm based on extended kalman
filter algorithm. Based on the extended kalman filter algorithm, considering the effects of

system noise and measurement noise, a noise estimator is added; And introducing the
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divergence criterion, when the estimation error of the state variable becomes larger and
diverges, an adaptive exponential freezing factor is constructed for the kalman gain matrix to
ensure that the estimation error is within the required accuracy range.

(2) Completed modeling of vehicle lithium battery and identification of model
parameters. Using the recursive least squares method, the resistance and capacitance
parameters in the battery model are obtained under different charge and discharge rates; And
fit the polynomial formula between the open circuit voltage (OCV) of the battery and the
battery SOC through the charge and discharge curve of the battery.

(3) Designed the one-master multi-slave mode battery management system framework.
Combined with the use of batteries in the mini-van pure electric logistics vehicles, the
function and topology of the battery management system are analyzed in depth. The battery
management system is set as a master-slave topology of a central module unit (CMU) and
multiple acquisition module units (AMU) to monitor each battery.

(4) Completed part of the battery management system module circuit design. Mainly
designed the motherboard power module circuit, control module circuit, battery voltage
acquisition circuit, equalization circuit, communication circuit. The mainboard adopts
Freescale’s MC9S12XS128 chip to control the system. The LTC6802-2 chip from Linear
Technology is used to complete the collection and equalization of battery cell voltage, current,

and temperature.

KEY WORDS: micro-van pure electric logistics vehicles, soc estimation, extended kalman

filter, master-slave battery management system, “one-master multi-slave”
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Fig.2-5 0.3C single pulse discharge battery model internal resistance identification curve
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Tab.2-1 0.3C single pulse discharge model identification parameters

SOC  Ry*107%/0 Ry 107%/02 Ry, x107*/Q  Cpy * 10°/F  Cpp % 10°/F

0.1 3.11 1.12 2.55 6.88 5.49
0.2 2.56 1.08 3.12 6.54 5.89
0.3 2.11 1.02 2.69 7.13 6.97
0.4 1.55 0.88 3.32 7.26 7.14
0.5 1.49 111 3.35 8.11 7.23
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Tab.2-2 0.5C single pulse discharge model identification parameters

SOC  Ry*107%/0 Ry *107*/Q Ry, *107%/Q  Cpy * 10°/F  Cpy * 10°/F

0.1 0.91 1.21 191 4.81 231
0.2 1.02 1.06 2.76 8.05 3.86
0.3 111 1.16 2.85 8.11 4.01
0.4 1.23 1.17 2.63 7.98 3.75
0.5 1.35 1.23 2.37 8.25 3.21
0.6 1.28 1.21 2.22 8.38 2.93
0.7 1.16 1.18 2.18 9.23 2.88
0.8 1.26 1.14 2.12 9.78 2.52
0.9 1.09 1.26 2.13 9.14 2.38

(3) 1.0C HAA ik o, He AR Y S 4 90
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Fig.2-10 1.0C single pulse discharge local current chart
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Fig.2-12 1.0C single pulse discharge battery model capacitance identification curve
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Tab.2-3 1.0C single pulse discharge model identification parameters

SOC Ry *107%/0 Rpy +107%/0 Ry +107*/00  Cpy x10%/F  Cpy + 10%/F
0.1 111 0.89 1.83 0.93 0.47
0.2 1.21 0.91 1.82 1.02 0.51
0.3 1.35 1.23 1.82 1.05 0.52
0.4 1.26 1.15 1.81 111 0.51
0.5 1.08 1.36 1.86 1.13 0.53
0.6 1.22 1.27 1.89 1.22 0.57
0.7 1.25 1.06 191 1.02 0.56
0.8 1.09 1.32 1.92 0.83 0.53
0.9 1.21 1.02 1.92 1.26 0.59

4) OCV-SOC % £ i £k 3R EX
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Hf) OCV-SOC K R HiZk, A LLT a3k, H5e, KB m e, BibdE
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CAEHEATFE BB,  Hi B I 1) B N O RR/IMB R, AR HEAT R0 & .

D. 53¢ i HGX P 28 it 2508 B LA )~ 3504, 4331 OCV 5 SOC ok & ithZk.
WA FR 5, &4 OCV-SOC (1% & £ Nt 2-13 fiior.
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¥ Kalman JEHE M7 AR AT RS . ARG HAE bR SOC, Hit R4
SOC KfENRGHIRESZE R, REK AR FEXBBK R B BR, |5
B 5 2 Fb v P R BRI
2) §RRIRS BB

PR R 2 PRI AR 1 0 AR R LR M R G RIZR AL, BB AR 2R R KU I L
TNHBOTIE 2 KA BT, B3] AT AR, SR 5 H R R 8 JE R
ITIEARTT . U AT £ 8 7 F b IR R B A 8 Ak, AT EKF AT 48 gk
AN R R A2 A, LSBT fE i % S B A T IR T R 5 2

DA BRSO, Rk k NZIRPRESZEAX, € R™, BNIRIRI, €
RP¥! fr i [ &Y, € R9*Y, A

Xk+1 = f(Xk,Ik) + Wk (2'4)
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Vi = g(Xi. 1) +Vi (2-5)
b W RS VORI
AR (X L) F1 g (Xpo L) TEBUME R, 2 AT RRINBERTT, W5 D7
LA BT, 45 2040 SRS 25 8] 5 742

~ ] ~
Xir1 = (R 1) + % (X — Xi) + W (2-6)
~ ] ~
Y = gRepio i) + ﬁ(xk - X)) + Vi (2-7)
Ad., = — _99
TP = ox, e = %k
Xk+1 = (Dka + (f()?kilk) - cbk)?k) + Wk (2'8)
Yk :Hka+ (g(Xk/kiIk)_Hka)+Vk (2'9)
N O N BHERERN: H, N K ZIE m*n B E a6k .
EWil =qr  cov[ Wy, W;] = Qidyi (2-10)

EVil=nc  cov[Vi,Vi] = ROy
cov[W,vi] = 0
Kb EABMES; cov N7 2S5 8N Kronecker 8 BREL; Qu ARGMEF T 25 Ry
B M 7 7
4
Pyl = f()?kflk) - q)k}?k
Nl = g()?k/k: L) — Hk)?k

Xir1 = PpXy, + T Uy + Wy
Y, = HoXp + Nl + Vi
SRIEFI LT 4% Kalman JEE 7T HE, MRIELLTZRIEATIHE, 6l
FI BT HUIRAS SOC., i F i 4551,
(D Xijke1 = Ppo1Xpm1 + T Upmq + Gy
(2) Pyjr—1 = Prjk—1Pe-1Pf -1 + Qr—a
(3) Ky = Pyji—1Hy [HiPyji—1Hy + Rie]™
4)  Po=( — KeHy)Pjp—1
(5) Xy = Xijk-1 + K (Y — HieXpe — Nily)
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FIGETHRPEREAT SERT B A LA TF, SRS A T4 8 R /R 2B B R RS A T B,
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Uprk+1| =| 0 exp(-T/lty) O * 1 Upii| + | Rpr(L-exp(-Tlty)) |* ix
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S0C, 1 0 ZZZCC _ar
Xe= | Upiie | » @,=| 0 exp(-T/ty) 0 |, He=| -1 pl(1 exp( Tity))
Up2 k 0 0 eXp( T/Tz) pz (1 eXp( T/Tz))

Xt Sage-Husa [ 1& i i FLVE HEAT fai 474987 B IR T -
(L RGH1aa, WPHME:
Xo» Pos Qo» Ros Go» To
(2> —BWRET:
)?k/k—l = Op_1Xp_1 + Tg_q1Upq

(3) BT R ERE:

Prji-1 = (Dk/k—lpk—lq)k/k—lT + Qx—s
(4 I ARE:

d = (1-b)/(1 —b**)
(5)  FrR:

Vg = Zy — HXy k-1 — Nily,
T = (1 = dy)Te—q + dyvy
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(6) il 75 bl 7 72 R R
Ry = (1 — dp)Ry—q + di(vievi” — HyPyjk—1Hi')
(7D RIRSUEPI i
Ki = Pyjk—1Hi [HePijre—1Hi + R ]t
(8) AR TTBE:
X = Xijk-1 + Kivi
(9) ARSI R 2 F
Pe = (I — KxHi)Pyji—1(I — K H)T + Ky R, Kp,"
(10) Al iz s
U = (1 — di) -1 + die (Ko — Ppejp—1Xi—1):
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A dp = (1 —-b)/(1 — b+ b ABEET, HIGHEA 0.95<b<l; X/ WIRE—H
s X RS K RIEBIE SRR Py A— BTN TR 2 P oA T
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ST RIR S UEBOT AR, 3 A W I A F A e S0y
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L, vy RS REL vy>1s tr FoREFERE; v ETRIT I vev T ONERT T 07
M, HAE LB TR Z G R A S SR A W7 R R, X T R
R A
E(wxvi") = HyPyjr—1Hi + Ry (2-12)
N T AORUEALE B ™ 4% ) S5 A R BB FEORFUSC S, B 2 B 4 R By=1. LI B ™
& HISC SRy
VeV < tr[E(wpveD)] (2-13)
F 2-13 19 AR AL, R SEBR b TR ZE I B A, IR RIE R AL . AR 3T
SR BB, AT DUR R BRASAR & S 75 T R8s o 8 B 1) S
BERHIAN:
Vi = Ze — HiXpejie— (2-14)
DR Rt 5 B B e T TR A S Bl 2 ) AN — SRR R, AR SR RIE AU R o, IR
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Fig.2-22 Anti-divergence SHEKF algorithm estimation curve

0.06
0.05
0.04
0.03
0.02
0.01

W24 1100%

-0.01
-0.02
-0.03
-0.04
-0.05

B 2-23 F5 K #& SHEKF Sk 47112 £ ¥ &
Fig.2-23 Anti-divergence SHEKF algorithm estimate the error curve

M 2-22, 2-23 WMEA 1S, 72N AR B kAT T OO AL AR R, FFURRY BEAb S
WZEEBUN, EORZEAE L 2.5%LLA . BEAE BkBCR RS, A RRZEIZETRG R, HAEH
B R B SHEKF S92 iR Z2 4 I 7E 5% LA, I HS SRR 720 HHI AT DAE B B2

HA B A A FE

2) Bl SR P ZERERIME Qo Ro VA S Py, MDIRAS (i SId A% tH BRI K
i, AR AR Rk Se I SRR, S A& 2-24 FroR, ISR 2 i 2
I 2-25 Fios

31



ANV N =3 7 R 1 SR A7

SOC/100%

0.3
O. 2 1 1 1 1 1 1 1 1 1 1 1 1 1
S I\ S (A S S S \\) i) O Qo N} S Q k) O QS
SO M SA SJ SC S S SR S S BTN S 5 I M I )
R N S S A P S i M A S
i [E]/S

B 2-24 7% A S 0915 R HK SHEKF H ik &+ dh &

Fig.2-24 Anti-divergence SHEKF algorithm estimation curve after changing the initial value
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