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Battery management system with high-reliability
for power conversion system

by Ma, Han Seok

Department of Electrical and Electronic Engineering

Graduate School of Korea Maritime University

Abstract

The Global Environment Agency's COZ2 emission restrictions have
increased in their complexity over the last several years. In particular, the
International Maritime Organization’s (IMO) 2020 deadline for a fuel sulfur
dioxide cap of 0.5% means there is growing impetus for environmental and
safety systems. Most of all, electric vehicles and electric ships are
becoming the most eco-friendly vehicles of the future. The role of the
battery of electric transportations is important to improve efficiency and
safety, This paper presents high-reliability battery management system
which estimates OCV, during battery operation. Even the battery problems
are occurred, high-reliability BMS supplies sustainable DC power source. In
addition, how it can be useful in monitoring and control is discussed.
Advanced high-reliability BMS is expected to reduce further accident from

battery malfunction.

KEY WORDS: High-reliability BMS i 41%]4 BMS
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Fig. 1 Battery Market in electronic vehicles
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Fig. 10 Wi-Fi Module
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Fig. 11 WizFi 210 block diagram
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| BR 7R -G I S

| RFID P2pP OIS W& . 400Kbps

| Bluetooth Star s 700Kbps

i Zigbee ' Mesh, Star T 2E 250Kbps
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| WireleessHart = Mesh Star | 0§ ®& | 250Kbps

: LoRa | Mesh, Star | & | 300kbps |
| Wi-MmAX Mesh 8 11~100Mbps

i 3G/ 4G Mesh &5 1 8=~7 2Mbps

Fig. 12 Comparison table of wireless communication
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2.3.4 Web Socket 718 2 4
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Fig. 13 HTTP server-client communication
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WebSocket handshake
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§ i‘* _Event 1
socket onMessage() '_‘_ Event 2

SocreLsanal.

Fig. 14 Web Socket conceptual diagram
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Fig. 15 Status of Web Socket supported browsers
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3.1.2 st=4o] AA

Client PC & Smart Devices
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Monitoring PC & Server Buck-Boost
T Converter
RS-232, PLC, LoRa, Wifi, etc. Battery Pack
T ocvV — | 16~24v | | 48V

Communication circuit
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Micro Switch | i .
Controller Controller
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Fig. 16 Block diagram of high-reliability: BMS
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Fig. 19 Flowchart of high-reliability BMS before operation
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Fig. 20 Flowchart of high-reliability BMS during operation
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Fig. 21 SOC-OCV No.4 battery cell graph
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Fig. 22 No.4 battery cell parameter estimation wave-forms during operation

Fig. 22& ®lEg]7} <F 6A<) #
of detnle =4& 28] < 26555 No.
e Aol Mol wiEE MAY =¥ A

a
Yol

=4 A x7]o FHE OCVe 3.304Velxn, Fig. 219 1o Ae]
+H A SOCE soc,2t 3t9S W soc,=0.761¢]H, d=je] SOCE #

|83t F3tH ofg] (N 2t

: —6AX0.5h _
SOG, = 0761 + —77== = 0.461

= [e]
F AAHE o

(7

OCV+ 3.263VE ubyjo] it

SOC7}F 0.461¥ w Z#=E F=x3H
At 3k3.2099V) <}

Z9 Jgvy r I} R= Vk,

=

of W =

Collection @ kmou



o] = =4H AL FEB.1283V)e] Ze]l=E 0.0816Vel™ R 6AY HF
o} A ALt At AR QS r=mes T F UL, v, E 27

At gl A roll o7 At Astet C7F b= oA el At =

R OF 147%9] AolE BT ol¥@ ok £ Mol T 27|

RT RZV AAEZ] AR =&ollA 301%) Bz 31 AlZte] A

2
%o Ao OCV/h 234 Wakel &1 A9 pglol B 2 0E 1

o] Xt

Collection @ kmou



33 4% % A% u@
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Fig. 23 High-reliability BMS conceptual diagram
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Fig. 24 Hardware for experiment
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Fig. 25 No.4 Battery cell parameter estimation wave-forms
during bypass operating test
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Fig. 26 No.4 battery cell parameter estimation wave-forms

during bypass operating test at fault moment
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Fig. 27 LabSocket in basic client mapping mode

Fig. 272 LabSockete] 7@ % % Mapping modec]t}. Client mapping
o] IN o8 HAo] 7bssith o] REqA = ZF HepeA oA 2
TR HelgE EUEHY 2 HEE & 5 AES 3[13]

A A LoRael 215 E& LabviewolA g2 Yelgal xvtE E Y
PCAlA mUHH st FEES AFs%d. LoRa =ES DORII
Applied Technologies®] SX1278 Long range RF DRF1278F &S A&
stAT 3.3V &3 Aoz RX 9.9mA<et 200nA Register retention=
A A 52 Fy34= 433MHzolth dld 3k g2 B W
T ggor AFEA A R Az FAEe & 5 As AHo

AT

Collection @ kmou



Fig. 28 Prototype of LoRa module
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