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AR FESH BolAE A9, BMS7F SHAUSH A50] HIAZL Rejstel, elEolenAel Hye A
glol, & =Eolq ket BMSO| 3842 SHIsielch

Abstract Until now, 29 fire accidents have occurred; 22 of them were caused by the interconnection of
renewable energy sources that occurred during the rest period after the lithium-ion battery had been
fully charged regardless of the seasons. The fire accidents of ESS were attributed to thermal runaway due
to the overcharging of a few cells with the phenomenon of self-energy balancing, which is unintentional
current flow from cells with a high SOC to the low cells if the SOC condition of each cell connected
in parallel is different. Therefore, this paper proposes a novel configuration and operation algorithm of
the BMS to prevent the self-energy balancing of ESS and presents a hybrid SOC estimation algorithm.
From the test results of the self-energy balancing phenomenon between aging and normal cells based
on the proposed algorithm and BMS, it was confirmed the possibility of self-energy balancing, which is
unintentional current flow from cells with a high SOC to cells with a low SOC. In addition, the proposed
configuration of the BMS is useful and practical to improve the safety of lithium-ion batteries because
the BMS can reliably disconnect a parallel connection of the cells if the self-energy balancing current
becomes excessively high.
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Fig. 1. Configuration of BMS for li-ion Battery
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Table 1. Test conditions
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item contents
nominal voltage 3.7V
cell specification capacity 35.24h
cell
. X 1s16p
configuration
charging method CC-CV
chareine test charging voltage 4.2V
8ing charging c-rate 0.2C(7.04A)
charging cut-off current 0.002A
. . discharging cut-off 275V
discharging test voltage
discharging c-rate avg. 0.2C(0.5602)
self-energy voltage of normal cell 4.09V
balancing test voltage of aging cell 3.89V




QAR &38| =5 2] #2138 A3E, 2020

£ B 0.2C-rate®] AF 7|2 WG} B, Az
ofuiA] Wey AL g At 2o} Aol chstol, FE

FAAZK10AZDE 7H Fofl A 3.

5.2 Fd A B3t 2o EHEH

A, A A dop Ao A 3 AR 542 U
W Fig. 99 2t} o171A, Fig. 9 A4 At d5t A
o W Aol whE At 9 AR 5490, Fig. 9(a)=

g4 Aat dsh Ao] WAt wE g Fto]1,
Fig. 9(b)e W4 AFE vehd Aotk o] gt
2o, Ah-&%F 71508 4 AL 36.7(Ah] THE WAE
31, gst A2 33.7[Ah] THE BPAECh &, A4S A ]
dst Ao] wWHgsF 91.75[%l°], Ashe-2
8.25[%19S & = Utk

[eXe}
=

V_normal cell

(a) Voltage characteristics

I_normal cell

~~~~~~~~~

(b) Current characteristics

9. Discharging characteristics of normal and
aging cells

Fig.

5.3 HINLAX| WHY

Azofizx] WY E4e LA g2 71EY
BMSe|| disted, 4719] Algdold 230e vige® 3
g A3 Got Al 2] Axofix] WMH A Alde =35t
W Fig. 102} Zt}. Fig. 10(a)= /43 At &3} Aof |
B A A= UEL, Fig. 10(b)= AFE YA
Ziolt}. o] g0} Zol, SOC7T HE JHle] + A
< 8 A8 A4, Anoux] WeYo] ¢Aste], 4

590

s o] 457 32114 A58 A & % Uk 3,
SOC7H =2 /3 AolA W2 It A= A77} olsat
= B4 Ao WAo] WARHS & 4 9ok
A, & =FoA At Aoz WHAS AT
e 28 d1EEY 984S T = Utk
™
“ =  V_normal cell
T
V_aging cell
REEFH R B EE R R R AR PR T
(a) Voltage characteristics
[A]
’ I_normal cell
2
. ;
o
1
2
-3 \ %
I_aging cell
(b) Current characteristics
Fig. 10. Characteristics of self-energy balancing

between normal and aging cells

5.4 Metet 2l&0|2TX|l BMS 2E54d
(1) BDojUx] w2y 2E5Y
77y A At Al 7] Aoy ByigS TSt

7] f15ted, AIRISE 28 YAEEE vigo R AILA]
WA A Al Fstd Fig. 113 2ok 94714,
Fig. 11(a) AZouA] WY SAo] w4 At
g3} o] M EAolH, Fig. 11b)e AF 54 U
Ehdl Zlojt}. o] ZIRoflAfe} o], o] W4 A
F7F 71EAE 2Hoh, Ao] Ao ofste] A At
g3}t A Afole] 3|2 Apsto], Aiojufx] Wel4o]
PAES & o Aok wEkA, Azofu ] WRsJe] By
7B, 7% BMSOY| 2sto] Husz7} F2bE o], A
ZouR] WY ARE A AdT 5 Qlemz,
AR 28AIEE] 84S IUE & A

= = va T



A oA WA

a3 2Eo

| 242]9] Battery Management System 7@

AL o ot o i v g o e

»

V_normal cell

V_aging cell
7 -aging

—

mmmmmmmmm
ELR S R

«——|_normal cell

«— |_aging cell

(b) Current characteristics

Fig. 11. Self-energy balancing characteristics with
proposed BMS

(2) BMS2| SOC 4

7129 OCV B7Piiat & =ZolA Atgt stojB
& SOC B7}F dargfEo] o3t BlEol2 A9 44
g QA& vlwshy] g5k, 2Eol243 SOC &4
AR sk Fig. 129F &) o] IgojAet o],
Ph-counting B7FHE 7|02 OCV FH7PEHY
QAELE 9F 15(%]olH, ARt sto]BEE SOC B7t
W eAke2 oF 5(%]Y9e € = Atk =, OCV H7h
Hio v|ske] Aokst SOC B7F W] Qxgo] oF
10[%] B= 7jA=]o], & =FolA ARlEt slejBz=
SOC H7F ¢18E9] F84S g &= Atk

=2 T uaE

[SOC(%)]

OCV+Ph-Counting Phoc ti
-Counting

6001 [S)]

Fig. 12. Characteristics of hybrid SOC method

591

Sistol, 4
CELERE R
2743 £8UTEES
oFste, heat 2.

6. 42

1A O] PR FAA7]7]

Hjol| ol5) oEx] oA HHAlehs
22 olAsHA| Ael= BMSS] 3]

Areitt. 8 AFATNE 8

2 =2oMe A
ZF SOC

(1) F3h) eEoleaxe] B4S L4 gistel
W A S 2k B st Gat Ao
A8 A7 A4 A 3671l I3k A
3371AB19E & 211:} é 34 28 o] G5}
o] W 8% HlL 9175[lo]H, Bakeol

8.25[%IU< & & 9&‘3}.
Ao |z WA £/ g5 flste], SOC
HAE 71 Aol g3t At g4 A HE
AZstd, FHdf 3.21(A19] Azojjuz] WA A
F7F 85k, SOC7t =& A4 AdojlM w2 d
3t AR AR olFshe Anoux] WA A4
o] WS EIT 4= it} wabA], Aoz
HAANS YA 4= 9= BMSY] 715 28 &
TEEo] 4a%s & & Stk
(3) B4 At G5t A 7He] o] WMHAdS WA
571 9ok, AQtst BMSe 28 ¥l
Fog Aoz WAL AF
Aoy WA AR7t 712AE 2sH4H, Al
o] ZZAo] oJsto] A4 Al d3t A Ate]9
£ Apdsto], AmoiR] WS PAT &
< solst 2= 9}
12 Aol A ARk stolB = SOCHE7F Hell
95, FlEol24A] SOC EGAES =33t 2
T}, 7129 ¥l OCVH2 Ph-Countingd o
Hl oF 15[%]9] AE ZRAARE OCVHH}
Ph-Counting¥S 23| AMESl= H%- A&
o] 5[%]= 7]&2] WryEct oF 10(%] Fx= WA
= ERIT 5= A

@

~

510 Aals
g A3

@) &

References

[1] Y.]. Lee, M. S. Cho, H. J. Chae, J. C. Kim, S. C. Lee,

“The Status of RE100 and Its Implications in Korea”,
Journal of Energy & Climate Change, vol. 14, no. 1,
pp. 43-52, 2019.6.



QAR &38| =5 2] #2138 A3E, 2020

[2] Hun Lee, Will the use of renewable energy in the
enterprise expand? 185 companies worldwide
including Google GM Apple_Government, October
Green Support for joining RE100, including the
introduction of a new system, Journal of Electrical
World Monthly Magazine, pp.25-28, 2019.8.

S. W. Kim, RE100 and the New Future of Korea's
Power Industry, Journal of Electrical World Monthly
Magazine, pp. 27-31 2019.10.

(3]

[4] S. Y. Lim, S. Y Park, S. H. Yoo, The Economic Effects
of the New and Renewable Energies Sector”, Journal
of Energy Engineering ,vol. 23, no. 4, pp. 31-40, 2014.

DOI: https://doi.org/10.5855/ENERGY.2014.23.4.031

J. Y. Lee, Y. G. Sun, S. M. Lee, S. H. Kim, Y. K. Kim,
W. S. Lee, L. Sim, J. Y. Kim, “Implementation of Smart
Meter Applying Power Consumption Prediction Based
on GRU Model”, The Journal of The Institute of
Internet, Broadcasting and Communication, vol. 19,
no. 5, pp. 93-99, 2019.10.

DOI: https://doi.org/10.7236/]11BC.2019.19.5.93

S. J. Park, S. M. Park, J. H. Lee, ESS utilization and
related PCS technology, The Korean Institute of
Electrical Engineers, pp.12-18, 2017.1.

(5]

9

[71 K. J. Hong, “Development of Hybrid Power Storage
System for Urban Railway with UPS Function for
Emergency Power Generation”, The Journal of The
Institute of Internet, Broadcasting and
Communication, vol. 19, no. 6, pp.191-196, 2019.12.

DOI: https://doi.org/10.7236/]11BC.2019.19.6.191

K. M. Park, J. H. Kim, J. Y. Park, S. B. Bang, “A Study
on the Fire Risk of ESS through Fire Status and Field
Investigation”, FIRE SCIENCE AND ENGINEERING, vol.
32, no. 6, pp.91-99, 2018.12.

DOI: https://doi.org/10.7731/KIFSE.2018.32.6.091

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

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

8l

(9]

[10] D. Xu, L. Wang, J. Yang, ‘Research on Li-ion Battery
Management System”, 2010 International Conference
on Electrical and Control Engineering, China, 2010.

DOI: https://doi.org/10.1109/iCECE.2010.998

S. K. Kim, S. G. Choi, S. Y. Jin, S. S. Bang, “An
Experimental Study on Fire Risks Due to Overcharge
and External Heat of ESS Lithium Battery”, Fire Sci.
Eng., Vol. 33, No. 4, pp. 59-69, 2019.

DOI: https://doi.org/10.7731/KIFSE.2019.33.4.059

S. K. Kim, S. G. Choi, S. Y. Jin, S. S. Bang, “An
Experimental Study on Fire Risks Due to Overcharge
and External Heat of ESS Lithium Battery”, Fire Sci.
Eng., Vol. 33, No. 4, pp. 59-69, 2019.

DOI: https://doi.org/10.7731/KIFSE.2019.33.4.059

(11]

(12]

592

[13] J. B. Park, B. G. Kim, S. H. Song, D. S. Rho,
“Development of State of Charge and Life Cycle
Evaluation Algorithm for Secondary Battery”, Journal
of the Korea Academia-Industrial cooperation
Society, Vol. 14, No. 1, pp. 369-377, 2013.

DOL: https://doi.org/10.5762/KAIS.2013.14.1.369

[14] S. Susanna, B. R. Dewangga, O. Wahyungoro, A. L
Cahyadi, “Comparison of Simple Battery Model and
Thevenin Battery Model for SOC Estimation Based on
OCV Method”, 2019 International Conference on
Information and  Communications  Technology
(ICOIACT), Yogyakarta, Indonesia, 2019.

DOI: https://doi.org/10.1109/ICOIACT46704.2019.8938495

S. Y. Park, S. W. Ryu, J. B. Park, B. G. Kim, D. S. Rho,
‘A Study on Estimation Method for Optimal
Composition Rate of Hybrid ESS Using Lead-acid and
Lithium-ion Batteries”, The transactions of The
Korean Institute of Electrical Engineers, vol. 65, no. 6,
pp-962-968, 2016.6.
DOI: https://doi.or

[15]

10.5370/KIEE.2016.65.6.962

Y. W. Kim, B. J. Lee, B. H. Lee, M. J. Lee, K. S. Kim,
“Power-efficiency Analysis of the MIMO-VLC System
considering Dimming Control”, The Journal of The
Institute of Internet, Broadcasting and
Communication, vol. 18, no. 6, pp. 169-180, 2018.12.
DOI: https://doi.org/10.7236/J1IBC.2018.18.6.169

[16]

Z Xl Hi-Myung Kim) [Z5/9]
+ 20204 2¢ : FEVIEHSHSE
A71Bsk} (FoAD

20209 3Y ~ @A : =&
Sefoka A7lgelt AxHg A
%

A
=

°op
Ll

Gt

=]
=]

(3
P=Ae

AAE, AR A], A71HEEA



Ao ¥HAS 1HS BEOI2H A9 Battery Management System &

0| & Z(Hu-Dong Lee) (=319

< 20164 8¢ : = |EnSHStL
A71Ze4 (FEAD

- 20184 89 : FHErY A715st
T} (FHAD

+ 2018 0¥ ~ FA : HigY A
7158t ey st &

=
Rl

#(Ji-Hyun Park) ESR)

« 20179 29 : =Sty HoEg
o =gstat (FHA

- 20204 2¥ : 37 1& WSS
SREEEREE R

(BAED BAER
SAAE 08, HIPE AAPIIA, olaRIEE  AAgeIA, AEAE, tlolazTes
Ei = $(Dong-Hyun Tae) (=32 L Of AM(Dae-Seok Rho) [BA312]

-+ 20144 89 : =& nSHstn
A7188 (FEAD

+ 201649 8¢ : BoistY #7]gst
3} (FEAAD

+ 20199 9¥ ~ &4 : Sied A
7155k} Ay Ast §

TP
WAAE, AAINAA, velazIRE, A7AFEA

A7158t (84D
201849 9¥ ~ &4 : =&
Soisty W715s) ghalg A

sl =
5]

o

(HARR
AHEA oA, BARAY, A7AEA, vola2adE

- 19854 2¢
skt (Z3hp
19874 29 : Befsk A7)
3} (@D

19974 39 : A2 Bojerheta
st A7) g staE s
19874 39 ~ 19984 89 : ¥
A7\ A 74 AT/ AADTY

- 19994 39 ~ AR : AR7I&mETetE A/ AAHEA

S5LH X
o u

EELEEE

.

.




