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Abstract

This paper designs a wireless battery management system (WBMS) based on a single cell, utilizing
wireless radio frequency technology for battery data transmission. Compared to traditional wired
BMS, WBMS offers significant advantages in terms of structural layout, simplified wiring, reduced
weight and volume, and lower service and maintenance costs. The proposed system employs Blue-
tooth single-cell AFE hardware and incorporates online electrochemical impedance spectroscopy
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(EIS) measurement functionality. The stability of the wireless network, data sampling accuracy, and
reliability of online EIS measurements were validated. The research results indicate that this sys-
tem can functionally replace traditional BMS and provide more high-dimensional feature data for
lithium-ion battery state estimation and fault warning.
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b E TR IR IR TR R, AR O HT RE RV R S T I B S i B R 4 (battery
management system, BMS) & ANV 4 5 Mtz (M1 BB 4l wr, J2 Bl EAn Bk E, X Frshiig
HIBE B RS, 1448 BMS ATV & Al 7 DA 2B £ (LA 1), @5 CAN A5 KA EREETE,
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Figure 1. Traditional battery management system topologies
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Figure 2. Wireless battery management system topologies
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KT ToLk it i B R e, AR EAE 7 A, v RLA A RL R L6 JE TR DIFE ¥ F (BLE) ) WBMS,
T Zigbee 1) WBMS. JET Wi-Fi ] WBMS F12E T (10T) i1 WBMS DL EE T =i Y WBMS. £
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T — e T EE AR DA R P 28 B0 R, MIRES RN P B B FEIR T L mA, (R %R %
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DR AR SO H 35 T 3 28 9 S AFE B WBMS Bl £ 22 Gt LA T T R 25 B 2 405 1 T 4 X 45 3 R I 0
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Figure 3. Single-cell wireless battery management
system topologies
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Table 1. Wireless network system design indicators
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Figure 4. Network topology
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Table 2. Single-cell wireless acquisition module design

%2 BRTELRERIGT

TiH VU Eizpa ¥AF
BRI SRR 1.8~5V <3mv @25°C
R4 ~301C~120°C 5 ‘ @%24?;5};0[;@
A, 1.8~5V / /
EIS M &H5 0.1 Hz~10 kHz <3% HeEAE TR
Wezh ¥t P EERA /N T 100 mA @25C, 33V
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Figure 5. Data acquisition module
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Figure 6. Schematic diagram of EIS function
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3.3. fE% EIS MEE X
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Figure 7. Data management module
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Figure 8. Test and verification platform
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TLERIRIE, 5 10 4> TP A 1AP BRI TC A4S, K e 7 0] BT T4 B A 52 46 A0 X 2%+
PEAEEAE, WK TP AR Bds 2. MBtnt ] 1 /hek, HE TP RIAE 28,800 K& . M4 Rk
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Table 3. Wireless communication verification
5% 3. T&BWEIE

TP EFRAHELHR(THL ) HFRAHECHE(THL)
TP1 0 0.347
TP2 0 0.382
TP3 0 0.069
TP4 0 0.278
TP5 0.069 0.694
TP6 0 0.451
TP7 0 0.104
TP8 0.174 0.243
TP9 0 0.278
TP10 0 0.174

TELTFIEL T TPS Al TP8 (FAEHE &2k, 1@/ M #3810 5 (B e L WE 2 Ik B 5
AP IS (] TASTT T 0.2 ms 330 AP BEHUEE USRI, IX — 1R Z2 SRR T TP ASTHRI Bok M 22
S8 ATIMHE AT 700 RIUFREE A AZ L 0 2 B B R EE S -0, 5%oF JF v 5 i i DK D B B T 2k
BAE PN WiFD, WiFT 53 XM 4Is S 3= 2.4 GHz S, N 1 gux — @, f5 2] DAFE
L5 Y I AR AL

SKEEREFERAIE, FHIFE S 1A 2 TN IR SEIeAR S % H R B 3400 mv, AN [R1IR
NHTHECRFERE B IR ERAERE RS, M2 Rk 4.

Table 4. Sampling accuracy verification
4. REREEWIE

JEE(C) TPL BB KAHE(C) TP2 BERAE(C)  TPL EECRFRME(MY)  TP2 HL K RAE{E(mV)

—40 —38.5 —38.5 3407 3406
—20 —20.5 -19 3407 3407
-10 -10 -9.5 3405 3406
0 2 15 3401 3407
15 13.5 14 3403 3403
25 255 25 3403 3402
45 455 46 3403 3401
55 59.5 59.5 3402 3403
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Figure 10. TP module online EIS measurement data
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