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A Study on Characteristics and Modeling of CMV by Grounding
Methods of Transformer for ESS
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HHA R &85 49, CMV7ZE 24 Z4aste], A714du7]ee] dadds ok AL & & At

Abstract Since 2017, a total of 29 fire accidents have occurred in energy storage systems (ESSs) as of
June 2020. The common mode voltage (CMV) is one of the electrical hazards that is assumed to be a
cause of those fire accidents. Several cases of CMV that violate the allowable insulation level of a battery
section are being reported in actual ESS operation sites with A-Y winding connections. Thus, this paper
evaluates the characteristics of CMV. An ESS site was modeled with an AC grid, PCS, and battery sections
using PSCAD/EMTDC software. As a result of a simulation based on the proposed model, it was
confirmed that characteristics of CMV vary significantly and are similar to actual measurements,
depending on the grounding method of the internal transformer for PCS. The insulation level of the
battery section may be severely degraded as the value of CMV exceeds the rated voltage in case of a
grounding connection. It was found that the value of CMV dramatically declines when the internal

transformer for PCS is operated as non-grounding connection, so it meets the standard insulation level.

Keywords : CMV, ESS, PCS, IGBT, Noise, Y-A winding method, A-Y winding method, Grounding,
Non-grounding, PSCAD/EMTDC software.
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o= ESS9] P SrHslr] flste, 2340 AA At
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o 9a) ¥E, =HEE Lo]Z(NMN : normal
mode noise)} ZEL T Lo|X(CMN)E L& Ht} of
714, CMNol 9Jsf A== CMV+= ESS9] HiEle] &
A do] Az oAFFS & 7HsAdol At Bl
3L AEH7-9].
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AR 5 AZ= & S AR, E3L A ABAA &
% AlEFolA At FARste, £ =7l
AARE ey weto] f-a3kE Elstitt.

o rr

|

2. ESS2| CMV AtH2N

2.1 CMVe| H9

ESSE Fig. 13} Zo] ACAYR (AL W], BT
ZA]), PCSH(HE, PCSHYL7], IGBT, DC AWAIE),
HiEE] R(iEE], ESX]) 5o FgHT)

grid section

grid connected TR |
(22800.38K) |

T T

PCS TR o o o

(0.38/0.34kV)

Fig. 1. Configuration of ESS
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Fig. 2. Concept of noise mechanism in ESS
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Fig. 3. Location of CMV measurement in ESS
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Fig. 4. Waveform components of CMV in ESS
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Fig. 7. Measurement result of CMV in grounding
method of internal transformer for PCS
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Fig. 8. Measurement result of CMV in non-grounding
method of internal transformer for PCS

Table 1. CMV and AV values according to grounding

method
items contents
battery voltage[V] 708
internal transformer grounding non-grounding
for PCS method method
CMV [V] 1,609 1,162
AV [V] 296 29
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Fig. 11. Modeling of battery section
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Table 2. Test conditions
items contents
stray capacitance of battery section 20nF
battery voltage DC 708V
voltage ratio of A-Y TR for PCS 380/380V
switching frequency of PCS 10kHz
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