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Abstract Recently, flres in a large scale ESS (energy storage system) based on lithium-ion batteries have
occurred frequently and much property damage has been reported. Unbalanced load current on the grid
side and rising ground potennaFm a PV system are estimated to be major causes of fires in an ESS. The
unbalanced load current on the grid-connected transformer side and rising DC ground potential caused
by a large-scale PV system can influence the magnetizing current in the transformer, and the ESS can
be adversely affected by unintentional saturation of the iron core, which may increase the possibility of
a ferro-resonance phenomenon Therefore, this paper presents a mechanism of a ferro-resonance
phenomenon by using graphical solutions based on the analysis of ferro-resonance effects by the
capacitance of a PCS %power condmomng system) filter. We propose an operation algorithm to prevent
a ferro-resonance phenomenon by using an appropriate PCS filter and MOV (metal oxide varistor) based
on the graphical solutions and the deterioration and environment conditions. Furthermore, we
performed modeling of a ferro-resonance mechanism using PSCAD/EMTDC, which is composed of a
distribution system, PV system, and ESS. From the simulation results based on the proposed
ferro-resonance mechanism and modeling, it was confirmed that high ferro-resonance voltage up to 2.9
pu can seriously influence the battery system due to saturation of the iron core in the transformer
caused by unbalanced load current and rising DC ground potential. The proposed operation algorithm
to prevent ferro-resonance could contribute to stable operation of an ESS by installing optimal capacity
of a PCS filter and MOV.

Keywords : DC Ground Potential Rising, ESS, Ferro-resonance, Iron Core Saturation, Unbalanced Load
Current
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Table 1. Simulation conditions of ferro-resonance
depending on unbalenced load current and
DC ground potential rising

content parameters value
M.Tr voltage ratio[kV] 154/22.9
feeder length[km] 10, 20, 30
series capacitance[nF] 2
3-phase CB
operation time[s] 0.5
winding type Yg-A
iron core 3-limb
grid-connected TR for voltage ratiolkV] 22.9/0.38
ESS capacity[MVA] 1.25
%impedance[%) 4
copper loss[%] 1
capacity[MVA] 1
PCS pacy
capacitance of filter[uF] 380
unbalenc peak load[MVA] 5, 10
ed load load unblaenced rate[%] 10, 15
current
occured power factor 0.9
DC nominal voltage[V] 700
DC
1
ground
potential PVsystem DC ground 3
rising potential rising rate[%]
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Fig. 17. Characteristics of unbalanced load current
(unbalance rate: 15[%l, feeder: 30[(kml)
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Fig. 18. Characteristics of iron core saturation by
unbalanced load current (unbalance rate

15[%], feeder 30[kml)
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Fig. 19. Characteristics of ferro-resonance by
unbalanced load current (unbalance rate

15[%], feeder 30[km])

43719 243 YA, Table 19] 2o w=t &
3y HolAFe} ofARE Agshd Table 29 2t}
=, BSS7F w8 aolA | fiXo] dAESE, &
P FordRet AR Assto], AAMUY] 2 %

A Wgo] AT THsHol FHES L S Ak

o)

IN

¢

Table 2. Characteristics of unbalanced load current
and exciting current

simulation conditions neutral current maximum
exciting
peak |unblaen| line | M.TR . load
load ced [length| side grﬁﬁ{cqgne&]e d side cu[r/:]ent
IMVA] | ratel%] | lkm] | [A] siee [A]
10 | 20.29 5.43 25.60| 2.27
10 20 | 21.24 11.36 32.41| 239
10 30 | 29.86 23.96 53.48 | 2.65
10 | 30.45 8.15 3843 | 245
15 20 | 31.95 17.09 48.74| 2.75
30 | 44.91 36.04 80.42| 3.02

5.3 DC HX|IXMY &80 2ot HSEl EHEN
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o] 5[%lo]a A=J7o] 10lkml! 7
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Fig. 20. Characteristics of ferro-resonance by DC
ground potential rising (5[%])
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Table 3. Characteristics of Magnetic flux and ferro-
resonance voltage depending on DC ground
potential rising

DC ground . ]
otential increase rate of maximumferro-
Ir)ising[fy] magnetic flux [%] | resonance voltage[p.ul
0.
1 8 1.0
26 1.8
46 2.9
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Fig. 21. Characteristics of ferro-resonance improvement
with proposed algorithm (unbalanced load
current)
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Fig. 22. Characteristics of ferro-resonance improvement
with proposed algorithm (DC ground potential
rising)
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