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A Study on ESS Safety Evaluation Considering CMV
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2 % X, AUXAFIFA(ESS, energy storage system)OllA] RIASHA LS Ql= SPYAILE 15}o], ESSY
H7IEE 1T AP aA HIF A3t dstA IYEI Q= o] FolA FEEEAY(CMYV, common mode
voltage)2 ESS HiE|E] QbdAdol| 4TS & 7Fs/dol Qlth webd, 2 =RoAE= PCSY IGBT AHAd 9t
CMV, A=Al ZiE 71l 93k CMV, AFLA] ZFg7]o)] o3t CMV, HZo] 93k CMVE] A wAYEE A A5,
AHAEQRPN, risk priority number) B7FIMS Zdlgdste], ThFst CMVE] A URIol 2%t ESSQ] -4
71 9t w3, AGAS AR8sl4 T2 79l PSCAD/EMTDCE o]-&3to] AC MUY, PCSE, HiE 2%, Al
WA AR R, w7 9 R R Soz 1HE CMV A W7 Rl e AAg) olE vigo g AJEHo]lhS 3
g A3, IGBT 293 gt CMV F7]& 0.5kVIZ AGEEY, B =EojA Atet bdAl B7) weto] 9jsio]
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Abstract Recently, studies for risk level evaluation considering safety standards are being actively
conducted because of fire accidents that frequently occur in an ESS. The CMV may negatively influence
ESS safety. Therefore, this paper presents the mechanism of CMV by IGBT switching of PCS, CB, or MC
switching in normal or fault conditions and lightning strike conditions. In addition, an ESS safety
evaluation considering CMV was performed by using the risk priority number (RPN) evaluation method.
An ESS safety evaluation model composed of an AC gird section, PCS section, battery section,
fault-generating device section and lightning strike device section was made using PSCAD/EMTDC. From
the simulation results based on the proposed mechanism and model, the CMV due to IGBT switching
was calculated as 0.5[kV] and was evaluated as “low risk” by considering the proposed safety evaluation
method. The CMV due to lightning strike and CB switching during a 3-phase short-circuit fault and
grounding fault were calculated as 18[kV], 4[kV], and 3.1[kV], respectively, and were evaluated as
“medium risk”. Additionally, CMV due to MC switching in normal operation was calculated as 2.5[kV] and
was evaluated as “high risk”. Therefore, it was confirmed that the CMV due to MC switching in normal
operation may negatively and seriously influence ESS safety.
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Fig. 1. CMV characteristics with IGBT switching
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items contents
capacity of ESS 1IMWh]
stray capacitance of battery section 20[nFl
battery rated voltage 1kV]
voltage ratio of TR 22.9kV1/440[V]
magnitude of lighting strike 50[kV]
switching frequency of PCS 4[kHz]
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Fig. 21. CMV waveform caused by lighting strike

Table 3. CMV characteristics due to lighting strike
by TR connection types

TR connection types magnitude of CMV[kV]
Yg-Yg 13
Yg-A 18
A -Yg 13
A-A 18
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Table 4. Evaluation of CMV severity

T3, CMVY] AE%e= AR ESAA|Q1 SPD] <fste]
A=, MV 2719 w2t A& £ 7RsAel
oU 2 Table 63} Zo] YeRd &= 9tk 03714, IGBT
A91F0] 5 CMVY] Z71= 0.5[kVIY] v 22 3o
2 AgE]o], SPD7F CMVE &3I4 %8 7Hs40] &
31, CMVE] Z7|= e E]e] HAZHSY olsto]Z& “high”
2 wrhEnh E5E GEAL A7l Qg CMVAE
2.5[kVIZ 4FgEo], SPD7} CMVE AZESH] & 7ts
/32 EATE, CMVe] 3717} viElE] AW ofsto|ng
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CMV types magnitude of CMVI[kV] | severity degree Table 6. Detection evaluation of CMV
IGBT switching 0.5 low
MC switching in ) CMV types magnitude of detection
normal operation 25 medium CMVI[kV] degree
CB switching in short 4 high IGBT switching 0.5 high
circuit MC switching normal .
2.5 medium
CB switching in single] ) state
. X 3.1 high
line grounding CB switching .
lightning strike 18 very high (short-circuit fault) ow
CB switching (single line 3.1
grounding-fault) ’
ESEH CMVY Y= ESSY| 2233 AZAEY lightning strike 18 low

ALE, AR Y4 58 v R Table 59+ 2o 4t
k. o714, IGBT 294 2 HAAIE A 7|71
ot CMV W= ESSO| ®IMgh F-wbHo] o5t
CMV ¥ ¥le7} &=oug “high’2 HriEch ghH,
ALIGEIA] A7) ZReof 9%t CMVY] A E= ESS
AAEI Afalgo] HZA WYE Hrh Eoma
“medium”, HZo] 9zt CMVY] HAZ= A9 WA}
A gouE “low’ 2 BHrFEL}

Table 5. Occurrence evaluation of CMV

CMV types frequency of occurrence
occurrence degree
IGBT switching charging and
discharging in ESS .
is frequentl high
MC switching normal state Is Ireq Y
occurred
CB switching
(short-circuit fault) fault rate in ESS is )
medium
CB switching rarely occurred
(single line grounding-fault)
lightni trike i
lightning strike 1ghining strixe 1s low
very rarely occurred|
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Table 7. ESS safety evaluation considering CMV

severity occurrence | detection | . ..
CMV types degree degree degree risk priority
IGBT i i low
switching low high high risk
MC .
switching medium high medium 1;?:11:
normal state|
CB
switching i X medium
(short-circuit high medium low risk
fault)
CB
switching medium
(single line high medium low .
. risk
grounding-fal
ult)
lightning . medium
il very high low low risk
L
6. 22
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