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Abstract Recently, cases of fire accidents in electric kickboards are exponentially increasing as there are
5 cases in 2018, 10 cases in 2019, and 39 cases in 2020. Most of these accidents occurred in lithium-ion
batteries during the charging or resting time. Therefore, this paper proposes a BSMS (battery safety
management system) to enhance the safety of sharing electric kickboards. The BSMS also prevents
low-voltage cells from being overcharged by reducing the cell voltage differences using its cell balancing
algorithm . Furthermore, the off-gas detection algorithm of the BSMS accurately distinguishes off-gas
from irrelative gas, which flows in from outside. This detection of off-gas prevents the thermal runaway
phenomenon by cutting the charging circuit off when off-gas is detected. On the other hand, the BSMS
evaluates if the battery cells' voltage, current, and temperature are in the normal range. It then operates
a switchgear, which disconnects the parallel-connected cells if the cell condition is abnormal or if the
self-energy balancing current exceeds the set value. This paper implements a BSMS device based on the
algorithms mentioned above and evaluates the operational characteristics of the BSMS. It is also found
that the proposed BSMS is useful as it can effectively protect the lithium-ion batteries of sharing electric
kickboards.

Keywords : BSMS, Sharing Electric Kickboard, Off-Gas Detection, Cell Balancing, Self Energy Balancing,
Li-lon Battery
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Fig. 2. Concept of BSMS in sharing electric kickboard
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Table 1. Specification of electrick kickboard

items contents
type Li-ion battery
connection 10S X 5P
battery spec.
capacity 10.4 [Ah]
rated voltage 36 [V

700W-BLDC hub motor
maximum 40 [km]

motor spec.

milage range per full charging

1.5 [years]
1,030 [kml]

years of use

mileage

780



AR Fe A viE FhAE] AL-—BSMS) FA #E AT

CC-CV &4 HAo& 0.2C-rateE
g AeZEE vig oA AGHEX7}L dAFgE 3749

egoleuEls] Ae Agstel, BSMSe] A8 715
of Tiet WS S
5.2 BSMS?| 2EEY

479 NP2AL vigo AFAHES Fole

AYAG, QI7kA7 gAHo] whet BE 2Fol. L)
g7 o] Agre 24 RGO Uehty, A5
HEg eEoleuEelo] FAUFE LA 012
ashe 22 BT 4 ok, webd, A9kt BSMSTH
At 7kao] O3] 9EAS AoT|A gk, QIAAG
Bespl Aastel BEFY 27 WA SRS
anAon Agsle] A5REg FEol Lol
S SRS Plglel WS 4 918 o 4 9k

o= 2 T

characteristics of off-gas detection test

Palq ©ff-gas detection

Voltage V)

1 1
O i (o
A it oee T
. 1

——mpm———

Current (A)

Fig. 11. Characteristics of voltage and current in
off-gas detection test

E3F, BSMSO] AR FarejEol gt 4587
3t ATE JERNE Fig. 129F 2ot o714, $4L
T FA7IE AR FEel2HEd Al AU
g3 A, Cell 19] AL 3.675VIZ AP @ou
ABAY 7SR R gt E3h Cell 291 A
A 3.672lVIZ  EHHo, ZIEdAdTe] HAt
0.141[VIZ WAst= 21& & 4 AL, Cell 39] ¥
4.014[VIZ &%= ] 7|84 Te] "7} 0.339[VI2
Uehts 28 & 5= Siek. o] 23t Azt AAEAE sfa
oF7] $J5ted, Cell 29} Cell 30 et AMAYE 45t
A3}, Cell 29 AYL2 3.672VE 54

Ho] 7]Eag}
9] Ha7} 0.003VE 48k, Cell 39

i

Y2 3.679V

T HT

781

2 27slo] 2] WAk 0.004VE gdsdle]
RzA A ABsH A2 518 AgHRtel Mel0.11V)
o[ WAHo] o]Role & 4= gic. wehA, Aokt
BSMS B4 Smesel et Ak AGHAE 3
asistel, AGUA WA oA HEHoR Qg

=201
SPARLZE gskE Zle WA & o Slee € 5 3t

voltage characteristics of cell balancing

——Cell1l —Cell2 —Cell3
cell 3 I

I
|
1 1
3800 1
1 1
1 1
Cell1 ! !
1

2

Fetme B i §

Voltage (V)

cell balancingon Cell 3

Fig. 12. Characteristics of cell voltage in cell
balancing test

SHH, Ax oy A4 AJY Azk= Flg. 133 Zo]
Uebd 5= Ql=d, oJ7]14 Curve 12 A ofujx] ¥
o] A=A gkZ H99 AFEALZ vehd Zeg
A, AZ AR HAR7E I3k AR HH0] A
St A&Ho08 s2= AE ¢ 5 AUt kAR Est
H AR S2= A oYW MR7F AT e
% 0.1[AlE} & 3H0.16[A]) 22 &54E 4%, BSMSE
gate A SA] Adste] sig A ARrE 524 &

© A9 2Ie 2 ol WepAl, 2 mEolA Aok
BSMS+= AT ofuxly Ay garejEe] w2t Az oy
AWAY ARE Heislel, o2 o3 AL BT
2g aTHo WATS & & Uk
self energy balancing current ch. istics
— — — - self energy balancing current current characteristics with BSMS
0.2 |
AR A M e S e AN AN Yy e burn
o | |—>| cutting off self energy balancing cell
0.1 I
. 005 [ |
<
g " | 1 Ccurve 2
‘§ |l
-0.05 i
]
Time (s)
Fig. 13. Charactertistics of current in self energy

balancing test



AR &85 =8 A A2238 A10E, 2021

g Sstod,
Jdl i o]]

X
N
r°1‘ s

'EO]QHHH 2o
F9 AFEIE 8

é".j

(1) Qm7kA7} vhg A] BSMSS] HSEALS 3915}
7] $lste], ggolulE o] HfY JES A
SZEER gEo|HEE 2A0| kEAA 2
n7pA0) WS HOJRE Ay}, e ntATL HE
H ST 1.6A%0A 0AR Frasto], Aokt
BSMSOll oJste] AFZHE=E 2lEoluiE 7t

Q=27 olojx)y] Ho| aTHoR B2 Ak
fél— 5[\_ 012_9_ 01— /\ o]oh:].

O

() By Luese] 5849 sk Slstel,
AL WA 39 vl Ao Ghet 2
e 2 A JEAYgOR AT HA

%‘ 3.675Vee] WA} 242 0.003VeF 0.004V
= pasto] 2 =2l A Alker BSMS7F Azt A
dHAE Ao YAT 4 U2 W+
A
AZ AR BA darEEe] deE Bt
sH7] fiste], A detdE ER dEsto]
A OﬂLMH“EVJ S mopst 7Ur eI
d A7t *JX* 7= %%
2 5739 4%, BSMS=
X}E‘ro}al a3 *éi 14 7t &
P 5= o, & =20l At

| A gaelzol §8%2

3 4

13t
oF
=2

*AE}

References

[1] Korea Transport Institute, “The domestic personal
mobility market is expected to more than triple from
60,000 units in 2016 to 200,000 units in 2022 ~
Korea, 9, 2017.URL:
https://www.koti.re.kr/user/bbs/BD_selectBbs.do?q b
bsCode=1005&q bbscttSn=20170906164600945&q clC
ode=1&q lwprtClCode=-1

782

[10]

National Fire Data System, 2021.
URL:https://nfds.go.kr/stat/general.do

Yuk, Sunwoo, Kiwon Choi, Sang-Geon Park, and
Sukmin Lee. 2019. "A Study on the Reliability Test of
a Lithium Battery in Medical Electric Wheelchairs for
Vulnerable Drivers" Applied Sciences 9, no. 11: 2299.
DOI: https://doi.org/10.3390/app9112299

Laura Bravo Diaz, “‘Meta-Review of Fire Safety of
Lithium-Ton Batteries: Industry Challenges and
Research Contributions” Journal of The
Electrochemical Society, Volume 167, Number 92020
https://iopscience.iop.org/article

H. J. Jang, T. S. Song, J. Y. Kim, S. J. Kim, T. H.
Jang“Study on Analysis of Fire Factor and
DevelopmentDirection of Standard/safety
Requirement to KeepSafety for Energy Storage System
(ESS)”, Journal ofStandards, Certification and Safety,
vol. 3, no. 9, pp.25-49, 2019.9.

DOL http://doi.org/10.34139/JSCS.2019.9.3.25

Da-eun Ahn, Kyung-Hwan Lee, Eun-Jeong Ko.
"Analysis of Factors Affecting Environmental
Satisfaction with Shared Electric Scooter - For Seoul
City -." Proceedings of the Korean Institute of
Architecture 37.7 (2021): 3-11
https://www.dbpia.co.kr/journal/NODE10584926

Jin-yong Bae. "A study on a battery management
system for a small electric vehicle." Korea Society of
Automotive Engineers Fall Conference and Exhibition
. (2020): 1162-1167.
https://www.dbpia.co.kr/journal/NODE10519612

Jong-Hoon Kim. ‘Battery and BMS research trends in
mobile devices”. KIPE MAGAZINE 24(1), 2019.2,
35-39.
https://www.dbpia.co.kr/journal/NODEQ7614746

Park Tae-Han, Lee Jung-Ju, Jang Young-Eun, Won
Won-Tae. "Development of self-locking storage rack
for electric kickboard." Proceedings of the conference
of the Korean Society of Precision Engineering.
(2019): 426-426.
https://www.dbpia.co.kr/journal/NODE10503967

Kim Geun-sik. "A study on the establishment of
charging facilities for small electric vehicles of 1 [kW]
or less." 10.12 (2019): 93-99.
https://www.dbpia.co.kr/journal/NODE09408507




T3 AFAEES Pl FEE A wiE dwe] AARBSMS) T3 It A
21 Zi(Jian Shen) (Mgl % & M(Hyoung-Seok Choi) (M3

20114 29 : &
7IAES T (ESAD

+ 20179 29 © Bk A7TEoit
(CRE R

* 202149 39 ~ A4 : st A
71E st WAy Ask &

0l

ol
~~
T
g
o
o
>
«
—
(0]
D
N

- 20169 8¢ : gH=7]& ek
71288t (Z3HA)

- 20184 89 : Erjstel A7lwsiat
@D

- 20184 9% ~ @A) : St
Flgst} wAg s %

El

Kl

2 X| BEJi-Myung Kim)

« 20209 29 : SH=V|E TSt
A7138h (FeHAh

+ 20204 39 ~ @A : F
oiehl A71set} AxE Afet 5

(HAHED
A4 g wRAE, AR, A7 AGEA

783

- 19974 29 : BeTEE 47T
sk} (ZspAp

20204 89 : FHL7|& TS TS
H71 5k} (Zshadan

- 20109 6¥ : El¥EE] CEO

EAED
AR, W71 AR, WHAE, vrelazE=

rio

L Of M(Dae-Seok Rho) [BA512
+ 19854 2¢ : gy A7E
g3t (F3HAh

19874 24 : 5ok A7|getat
(F3H4Ah

19974 34 : ¥& Sofj=rfetn
et A7]gstaHF D
19879 3¢ ~ 19989 8¢¥ : =
A71ATt4 AL/ AdAT
TSt A7 AREA]

+ 19999 34 ~ &
btu

T W

= T

FAED

A/ AT, BAHAAA, DB



