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Abstract Recently, a demonstration project of a shared ESS service using re-used EV(electric vehicle)
batteries has been actively promoted. Countermeasures for safety hazards including CMV are required
since a shared ESS frequently interconnects with a customer system. Therefore, this paper presents
mechanisms of CMV due to diverse factors in a shared ESS. Based on the proposed mechanisms, we
performed modeling of CMV in a shared ESS and evaluated the characteristics of CMV. From the
simulation result based on the proposed mechanisms and modeling, it was confirmed that the CMV due
to IGBT switching increases along with the magnitude of stray capacitance between an IGBT and
heatsink in PCS. CMV may also breakdown the insulation of ESS components when protection devices
on the battery side are operated. When the wiring method of the secondary side of a grid-connected
transformer is a Y connection, the CMV may negatively influence the insulation level of the battery.
Furthermore, it was confirmed that the CMV with consideration of enclosure grounding was 16 times
more than that without the consideration, and the insulation on the battery side may be negatively
influenced when the battery is exposed to the CMV caused by a lightning surge for a long time.

Keywords : Sharing ESS, Common Mode Voltage, Stray Capacitance, Lighting Surge, PSCAD/EMTDC,
Mechanism of CMV
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2. Sharing& ESS2| CMV 2 HAHLIE
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where, Vy_ cynt) : total of CMV, V4 : AC element,

Vaudt) : switching element, Vj(t) : DC element
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Fig. 1. Equivalent circuit of stray capacitances in PCS
and Li-ion battery
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Fig. 2. CMV due to operation of protection device
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Fig. 3. Equivalent circuit of zero phase circuit
depending on wiring method
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Fig. 4. Mechanism of CMV due to enclosure
grounding of transformer
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Fig. 5. Mechanism of CMV due to lightning surge
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Table 1. Simulation condition

item contents
stray capacitance in battery section 20nF
stray capacitance in transformer 10nF
transformer in Sharing ESS 380/380V, 1IMVA
rated voltage of battery 700VDC
switching frequency in PCS 10kHz
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Fig. 12. Configuration of entire sharing ESS system
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Fig. 13. Characteristics of CMV due to IGBT switching
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Table 2. Characteristics of maximum CMV by factors Au)7|Ee] HAAHE S Uk A2 S+ 3
, o} SHA|Eh, AAE HY719 AARrAle]l A-YE
item Max. CMV ) o
o 1 -
CMV due to IGBT switching 636 V é] = 75]-'—’ CMV= 2’247[V]’ AVe Z’SZO[V]E
CMV due to operation of protection devices 2,962 V /}_]-7@1:457_, ZAvrAo] Y-YHEAQ1 7&‘9[‘, CMV=
CMV due to wring method of transformer 2,448 V 2,448[ ], AV= 3,251[V]E ﬂ'@ﬂﬂy CMV
CMV due to enclosure grounding 821 V o] A7} A7|A-dN71&9 dAgHES %35t
MY liting surge 5250 v Wejelze] delduo] ofgere uld 4 UG

5. 28

H =82 Sharing& ESSOIA EA¥sl= Y205
SRl CMVY] B4 #A517] flste], IGBT £&914,
H35717] 52, AAE MY71Y 2], AAE WYt
719] QA & HAR o gt CMV T HAUESE
AXetL, HEAE Akgsie =291 PSCAD/EMIDC
£ ol&sto] #8719 4= - vjHAduE, PCSY, HiE g
5, AQAE HATIE, HAALY AAE Fo2 SAH
Sharing8 ESSS] CMV 2L £330, CMV B
HAUZ] I CMV £/ AAIZH. ol tigt 4
ATEIE 8oFotH Tt Zrt

(1) Sharing®& ESS9] PCSo| A2lH IGBT} Wi
Ato]9] 7| AHAIEATE 0.5[nFIQ1 -, CMV
£ 409[V], AVE 653[VIZ2 APFE I, 71487
AE27F 5[nFIQl 249, CMVE 636[V], AVE
943[VIZ AR=EHEZ 7|BARPA AT} S71
45 IGBT 290l 93t CMVY] 2717} F7Fst
= A& ¢ 5 9tk

(2) HiElEZolA DA tart HAste] HiE g5 B
3717 BARE S AAE WA FEAE
TEER] o, CMVeF AVE 22 1,355[V]9}
2,741[VI& APg=|n, Q3FHAE 125t CMV
AGL H 2,962[V], AVE 5,824[VIZHA] A5
T I 4 Aok &, olE CMVZL ZHEAA] §
B2 gsto] BSS HAEC AL AT TMs
AJo] 13, E3] A7 Htr]9] AAT QJgtAto]
9] 7|BARPARHAE TB5tA o & CMV7F &
A 7Fs40] 92 ¢ & Stk

(3) Sharing8 ESSS] A& ¥~ ZAlo] Y-A
LAY A9 CMVE 730[V], AVE 612[VIZ2
AET, A-ARAA S, CMVE 819V, A
V& 775VI2 AgERZ CMVel Z7]1E A7)
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[1]

& 5= 9t

A-A ZATA 9] A Y] FHAE 1
SHR] ko™ CMVE 425[V], AVE 48[VIZ 4
Hog, Jdr]dur|Ee] ddEEe UEske A
S ¢ 5 YA FYSH AAG "9 AL
Ao tiste] QFHAE nHT FF, CMVE
821[V], AV 788[VIE AMYE|t|, ol= 295t
AAE 1A G2 FHT} oF 168 = o

A TS & & Utk
Sharing& ESSE AT 48710l 50[kVIS]
O OO o]

7} S8 AS 799 HART 8719 9
i Ao] o5t CMVE 6.28[kVIZHA| A A5
AlA, olFEr &2 HAA | A7 =58 B
HiE 259 dAdsol AFFE € 7ol
== & 5 Ut
=A== Sharing& ESSOIA shAjAbaLe]
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