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Abstract As fire accidents in ESS have been frequently occurred, Korea government has established
private-public investigation committee to estimate the causes of the fire accidents and perform various
countermeasures. Accordingly, the insufficient battery protection system has been evaluated as electrical
hazards, and then appropriate protection devices have been adopted in ESS. Therefore, this paper
presents the operation mechanisms of electrical protection devices such as IMD, SPD and NGR, and
implements an evaluation test device for electrical hazards in ESS, which is composed of ground fault
detection, surge reduction, unbalanced current reduction test device in order to assess the operation
characteristics of the protection devices. From the test results based on the proposed operation
mechanisms and test devices, it is confirmed that the IMD rapidly detects the ground fault by calculating
the decrease of insulation resistance. And also, it is found that the SPD with proper capacity can reduce
the switching surge at the side of battery, and NGR can decrease the unbalanced current flowing into
grounding of grid-connected transformer in ESS. Therefore, it is clear that the proposed evaluation test
device is useful tool to accurately assess the operation characteristics of the protection devices for
electrical hazards in ESS.

Keywords : Evaluation Test Device, ESS, Insulation Monitoring Device, Surge Protection Device, Neutral
Ground Resistor
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7] (energy storage system, ESS)S] AX|7 G435}
Al Z7¥otaL UA|EL, FEOI2HXE o83t ESSO] 31
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F3 gl AoITH1 21, ole] wel, AL U
5 2A9UslE Qx5 Esse] SRAAL 2stol
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Qlofl it v HSA|A”0] nEet A0E Hrly
o], tpeFet B 571717} ESSell A-8-E]aL JITH3]. o714,
HIZA AFAES AALE FAlske XS4
(insulation monitoring device, IMD)2} CMV 7§
HAAE ALA7IE= AR RS (surge protection
device, SPD)7} ESSol| olF4 o2 M=o L8511
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A% AR (neutral grounding resistor, NGR)&
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S HAHUE

2.1 XEZHENYRIY S5 HALIE

Aol g B57171% IMD WAL WA
AALe) 28 AR AAY 2 U AL W)
% 5ol de) 4857 gk, YurHo HKA A%
59| AHYL ZHslel, AYATE GAISH IMD
wpAe) BEA7)E Fig. 13} o] ezt A Atole]
A9 B ABWYI|E o] §3te] BAHUV,)

Z

Qs

S WkelY, EAEE AL ARE I HAAFS
ZA5H= HhAlo|tH4,5]. AR o2, IMD= Eq. (DT

o), 24480 AYV.)E HHR)OZ Lol 17
(1) APHSIL, Bq. (9 o] BAgto] Hekeu
o] et AP AdE ZH% A4F, AZY AR,
AB] ARGR) ro] Qb RS Tstel,
Eq. (33 Zo] A%e] HAXGS A4

pul

L,

Vi
m = R (1)
Vo = 1, X (R,+R.+Ry) 2
vV
RF = L - Rm - R{: (3)
1L,
where, I, : measured current, V,, : measured
voltage, £, : measured resistance, V,, : pulse
voltage, R, : coupling resistance, R : insulation

resistance of grid
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Surge
63 ? \ |
) @ SPD Load %
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Fig. 2. Operation mechanism of SPD
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(b) voltage-limiting type

(c) combination type
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Fig. 3. Characteristics of SPD with operation types
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AR+ SPD= Fig. 3(b)2 o] HIAEE o83,
AR s dgHoR W2 Qudaghos we}
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ZollAl= ESS AA] A|ECA 71 go] 2851
o Aletg SPDe Histe], 83U/ Up)oll mhe
M| AA] Az BdE B7staAt gt

L.

A
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Atz 0 2 NGRL Fig. 49 section A} Zo] vjA
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BN (b)) L2 E27HA "k shAJeh, 24bde
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AARY7IY HFA @FE SBA7IAY AoFR9]
QTS FUAIA ESSA Azt JFE vA 4= ot
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=
il
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M.Tr
154/22.9kV

AC grid primary feeder(22.9kV)

grid-connected
Ti

PTr
22.9/0.38kV/

section A

section B

Fig. 4. Operation mechanism of NGR
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H)AZ DC HjAAZES AT
oJgt ESS9] DC Az9] Akl 4
flstod, Fig. 59 2ol vi-ASH, ESSH, A=
2 IMDZE FA49 A& H/HAEARE L)
oj7] A, B AAE R = 22.9kV]12] HIUARZE lab-scaleZ
HlgZ oz ZAasto] 380[V] AC YT} HGHzZ 7
g8}, ESSFE AAEOIIA] AAS ESSE Holshe
10(kW19] PCS®} 60[kWh]o] Hiel2]E A& E3L
A AL AR F= ESS9] DC A= HA Atold
YT A SAP MCCBE AZst] AFAE A
A71L, 017l IMDE AZsto] A2l HEE4S

iy

ESS section

distribution system section
E AC grid

| 380Vuc 280V, ;
H '

—&= | M

grouhd fault MCCB i
: resistor '

ground fault generator section

Fig. 5. Configuration of evaluation test device for
ground fault detection
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Fig. 63} o] AAALR| N, viE]|E, SPDE 744
MAEA B EARAE Tttt o714, AR
PAFAH= B7715 590 AC 48 DCE Hghsto]
A Ao AFsta, Mg wreAel HHLEE 59
[EC 60060-1°1A1 AIAIgE AHHAA] M-S LTI
T3 HiERIEE AC 380[VIQF B&Fog Mywske
Al 4= 9l DC 280[V19] ZlEol2HE 2|2 F/dshH,
SPDE= 7RI AA] A2 2o} vl 2] H Ato]9] DC A
2o A Zo|() dBMES ARgsto] Ak, Y
A wralog ol AAgHT.

switching surge generator

battery
280V

J_ground

Fig. 6. Configuration of evaluation test device for
surge reduction
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of, Fig. 73 Zo] wiiASE, =85 PAGAT,
NGRZ € A 7AH B/ EAE 7
4714, Ho| HihATEE 380IV], 34 444 A4,
Y-YZA A9 Adul], 2o AfAEz s

A, AT TP T= 871 F9hE A 10(kW]
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distribution system section
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unbalanced current
generator section
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Fig. 7. Configuration of evaluation test device for
unbalanced current reduction
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Fig. 8. Configuration of entire system
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41 N =
71014 AASE ESSQ] #1714 Yafaglof o
ANEGR Y B2 BEAS Bk HOP A%
Table 13} Zo] AAgstct o714, X
280[V19] ESS DC A=olA Fa¥staL, 2[0 4 A A
2 AMgste] AALLE mojgtth wE AR A7 Bt
Alg2 SPD9] U./U, #el ZH 800/1,800, 1,000/
1,800, 800/3,800, 1000/3,800[VI! 471A] £HE At
851, IEC 60060-19 Ald¥do] =zt 1.50kV]
(250/2,500[sD)2] 7HH|A1A] =+

St &

< SPDO| 7kt 5=

YeIcH10]. SHH, <=3 FA7 P FolA Kol 8
FE2 87, 111[%E 15k, NGRY 271= 0, 2, 4,

6, 812 ¥Asto] 3P3ict.

Table 1. Test conditions

test types items contents
_ DC voltage [V] 280
ground fault
detection ground fault 2
resistance [2]
800/1,800
capacity of SPD 1,000/1,800
switching surge (Uc/Up) V] 800/3,800
reduction 1,000/3,800
switching surge 1.5
[kV] (250/2,500(gs])
unbalance load 87
unbalanced current factor [%] e
reduction
NGR [2] 0,246, 8
12 XENAle 285N
A710A AAGE Table 19] Algz7A0| wat xj2H

& 548 YErY Fig. 99} 2t of7]A, AT A
IMD9] AL 20[MQ] oAtz ZA=o], DC A

29} {A] Alolo] FESE Ado] FREEZ & = Ut
TS AA B & 162 Hol EAAFL 1.2[M
Q1e= FkAsha, 2.7% Foll= 285(kQ], 3.8% ¥
167lkR]10 % ZAES & S Aot w=hA, IMD] 2

Aol AARE HAS A AAsHE, ESSQ DCE x|
ARILE DAL ol &S, wiERE BT 4
& 4 AUtk
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, 1.6[s] 2.7[s] 3.8[s]
10 1 1 1
7 1 1 ]
_1° 20[MQ] i | ]
€ 1o : ”””””””” ; :

g 1.2IMQ1 S

£ i I 2851kal T 4571kq)
a 1 1 1
E 10t 1 1 1
c 1 1 1
2 10° 1 1 1
S o : I :
E 1 1 1
=10 1 1 I
1 1 1
1 1 1 1

0 1 2 3 4 5

time[s]

Fig. 9. Operation characteristics of IMD

471014 A At Table 19] Al@Z7A0] whal A2|A]
E/8< Yehi9 Fig. 103} Zth. 917]A, Fig. 10(a)
SPDE HASHA] %2 A9 MHAA TS et

£, AHAA HHgkol 1,507[VIZ Z7g=]o] 7
MR} BAFE o= QI7lES oF 4= 9jck T3t Fig. 10(b),
(©, (@, (&= SPDY U./U, &=F| Z+ZF 800/1,800,
1,000/1,800, 800/3,800, 1000/3,800[VIS] SPDE A
23t 49 AATEE e, AT H g
L 77+ 804, 819, 1,346, 1,497[VI2 &A=, SPD
of 93t MAAF A= 72} 46.6, 45.0, 10.7, 0.7[%]
2 APgE A9 AEATE St SPDY U/U,
&0 IE 854S YEhH Table 29 2t} &
SPDE] &&Fof| whet ZHHA A 7E M 46.6[%] = A7

7+

p=!
L
-

wo], 24829 SPDE ESSoll AX|5hH Aw AR 25
g #ggE 25T £+ 92 & & 3

maximum value : 1,507[V]

P 157 NE—

(a) without SPD

(b) with SPD of 800/1,800(Uc/Up)IV]
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(c) with SPD of 1,000/1,800(Uc/Uy)[V]

(d) with SPD of 800/3,800(Uc/U,)[V]

maximum value : 1,497 [V]

Sk A T

(e) with SPD of 1,000/3,800(Uc/U)[V]

Fig. 10. Waveform of switching surge with SPD
capacity

Table 2. Operation characteristics of SPD with
Uc/Up capacity

setting value of maximum value of reduction of
Uc/Up [V switching surge [V] | switching surge [V]
800/1,800 804 703(46.6%)
1,000/1,800 819 678(45.0%)
800/3,800 1,346 161(10.7%)
1,000/3,800 1,497 10(0.7%)
4.4 £3HZ MZEFl| 2854
4710114 A|Agt Table 19] A|ld2A0] wte} &3Hd
FAY BA4E YW Fig. 113 Zth o714, Fig.
11(a)= ot BYFEC] 87[%1% 49 «THF 2
71E Yeli=dl, NGRS FdoHA] g2 Afole
15.4[Alo] AR, NGRS 852 2, 4, 6, 8[R]2& §3
A7 Z¥2F 11.7, 21.4, 29.2, 35.11%] = A#EE

Qo X~

-
299

(M

At} T3 Fig 11(b)E Fot EHFEC] 111[%

[e]

@R 2715 ek, NGRS 59
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AR

NGR& dAJ5k4 -5t
ATHHO R ARA]

-

o off

Z

P
T =

12.1
10.9

unbalanced current [A]

1 6 8

NGR.[Q]

(a) 87[%] of load unbalance factor

20.9

17.6

13.4
12

unbalanced current [A]

6

4
NGR [Q]
(b) 111[%] of load unbalance factor

11. Characteristics of unbalanced current with
load unbalance factor based on NGR capacity

Fig.

Table 3. Operation characteristics of NGR with
unbalance load factor

unbalance load NGR 1] unbalanced rjﬁng;izegf
factor [%] current [A]
current [A]
0 15.4 -
2 13.6 1.8(11.7[%])
87 4 12.1 3.3(21.41%))
6 10.9 4.5(29.2[%))
8 10 5.4(35.11%])
0 20.9 -
2 17.6 3.3(15.8(%))
111 4 15.2 5.7(27.3[%))
6 13.4 7.5(35.91%))
8 12 8.9(42.6[%])




ks e

3=8A] A254 A%, 2024

X
171 93t IMD, SPD, NGR] B2t vlAUZSS A4S}
Z+ H571719] fa4de ksl st A&
7INE, MRAZ H7IAE

ol

B Rl

(o]

, Z

6. A&

=zolAE A714 AsiadleR FE ESSE He

SARAFAG WA

o, T

A2 48 ESSY 717 Slefasl WANEIAS A
At} ool Higt F8 ATANE fokshd theat e,

(1) A2AZE BANERAE Hgos [MDe] A

)

®3)

(1]

(2]

A 54E 9t By, ZAIAYS FSH
Al 20IMQ]0)3, XA} dHAgsE & 1.6% 0]

% o= 285lk
0], 3.8%2 3 167[kQR]1CE &€} wabA, 2
AAZ] 2719 w2t F&ske IMDY BARAE
ARQSHA AAsHE, IMD7}F 71&X(1IMR], &7
Au71&71& A522 AYAR] dAde)E "
ojutH TATte] RIS wdsto], HiE 2 E
aHor Hod = QS & & JUrh
AAAL B7IAEZAE v o2 SPDY] U/Up
|0 WE NEAR ARELS Brre 29
27489 SPDE dAsk= A5 HiEHE 74
e AHARAE 7124 oHCEEAAYY 34, g
IZA7IAEFA 132 A2 HAANT U HAY
)Rl o 46.6[%] B= FAAZ 4= Slo], 7
MR ZEE HiEg Bod £ 9SS & 4 St
SAFAG B7HFAGAE B o R ol £
FEol tiet NGRY <357 A7AEHE Bt
3, NGRS Bdfl ESSE AAHY719 HFA &
o= fdEle SFARE 7IEACIEFY 200%)
o9l Fd} 42.6[%] F= ALEAA 4= Qlof, A7)
A QsjaclogRE HEYE KIS 5= UZS

ToRT| =
Pae)
& 5= St}

o

i}

Q

4

i)

References

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

624

8]

[10]

Safety for Energy Storage System (ESS),” Journal of
Standards, Certification and Safety, Vol. 3, No. 9, pp.
25-49, 2019.9.

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

Korea Commit of investigation for ESS fire accidents,
“A result of investigation for ESS fire accidents’
Ministry of Trade, Industry and Energy, 2019.06

K. Y. Kim, H. D. Lee, D. H. Tae, D. S. Rho, “Algorithm
of Detecting Ground Fault by Using Insulation
Monitoring Device(IMD) in Ungrounded DC System’,
Korea Academy Industrial Cooperation Society, Vol.
21, No. 9, pp. 528-535, 2020.9.

DOI: https://doi.org/10.5762/KAIS.2020.21.9.528

K. Y. Kim, B. G. Han, J. M. Kim, S. Y. Lee, D. S. Rho,
“A Study on Mechanisms and Modeling of Insulation
Resistance Variation According to Battery Stray
Capacitance and SOC in Large Scale ESS”, The
Korean Institute of Electrical Engineers, Vol. 72, No.
2, pp. 304-314, 2023.2.

DOL: http://doi.org/10.5370/KIEE.2023.72.2.304

S. Y. Hwang. H. D. Lee, D. H. Tae, D. S. Rho, “A Study
on Protection Method of Energy Storage System for
Lithium-ion  Battery = Using Surge Protection
Device(SPD)”, Korea Academy Industrial Cooperation
Society, Vol. 21, No. 4, pp. 568-574, 2020.4.

DOI: https://doi.org/10.5762/KAIS.2020.21.4.568

S. Y. Hwang, J. M. Kim, B. G. Han, S. M. Choi, D. S.
Rho, “A Study on the Evaluation Algorithm for
Optimal Operation of Surge Protection Device in
ESS”, The Korean Institute of Electrical Engineers,
Vol. 71, No. 6, pp. 884-855, 2022.5.

DOI: https://doi.org/10.5370/KIEE.2022.71.6.844

J. M. Kim, S. M. Choi, K. H. Kim, N. K. Lee, D. S.
Rho, “A Study on the Safety Evaluation Method
According to Leakage and Unbalanced Current in
ESS”, Korea Academy Industrial Cooperation Society,
Vol. 24, No. 9, pp. 40-51, 2023.9.

DOL: https://doi.org/10.5762/KAIS.2023.24.9.40

D. H. Tae, H. D. Lee, B. G. Han, D. S. Rho, “A Study
on Modeling of Ferro-resonance Characteristics with
Saturation of Grid-connected Transformer in Energy
Storage System”, The Korean Institute of Electrical
Engineers, Vol. 70, No. 1, pp. 051-060, 2021.1.
DOI: https://doi.org/10.5370/KIEE.2021.70.1.051

IEC 60060-1, “High-voltage test techniques - Part 1:
General definitions and test requirements”, 2010




BSsel 714 RRQl WA ol B AT
8 & AH(Hyun-Sang You) EEE 4 € S(Yun-Ho Kim) ESE]

- 20194 89 : FtshE
s ()

20204 7€ ~ 20224 79 : g=
A7 A7

20224 99 ~ A4 : FH|e T
SefskE A71FEt A4 A

%3

TAEoP
ANAPEA, AAEAGA], HeEx

- 202241 89 © & TL L
27128 (25D

20224 99 ~ AA) © BT
Sdista dr1gskE AA A
% %

TAEoR
DC wWidAE 28, Eegx, AAIA], ESS

Z Xl "Ui-Myung Kim) (M3

« 20204 2¥ : Sty |&mLsin
A71ES (ESAD

+ 20224 29 : B A71F
T (F3HHAD

_[O]«

0| &l S(in-Ho Lee)

+ 20019 2€ : shddigy HAE
stk (F8HAh
202149 9¢¥ ~

St A% A A

.

© 20229 39 ~ @A - FHEE A - s, °°
AT ey Ast % "W"(H‘“ iy // WW
L
(B Eoh @y Eoh
A 9 AAE, AAGIUIA|, A7 A 48 9 i, ARl A, ] e
z| 4 2(Sung-Moon Choi) [H35]9] = [ A(Dae-Seok Rho) ENER

+ 20204 249 :
stk (F3HAD
20224 29 : =7 |ewSHisty
A71get (FE9AD

20229 2¢¥ ~ E4 : =&
Soisty Wr15s) ghalg A

=
o

31
5]

(HARR
HIAE 28, ESS, vhola2 TR, AAPAHA]

625

+ 19854 2¢
st (Z3hAp
19874 29 : Seistel 27 g8t
(Z3H4Ap

19974 39 : A2 Bajerfeta
et 271geket (gahaa
19879 3¥ ~ 19989 8¢¥ : =
W74 AT/ AAATY
AR TETEL A7 AAEA

s A7E

.

+ 1999¢ 3¥ ~ @A :

T5LH Ps
Lo 1l

(HAED
A/adAE, BAALAA, AHEds4



