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Characteristics of Saturation and Circulating Current Based on
Winding and Iron Core Structure of Grid-connected Transformer in
Energy Storage System
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Abstract Since the fire accident of ESS (energy storage system) occurred at Gochang KEPCO Power
Testing Center in August 2017, 29 fire cases with significant property losses have occurred in Korea.
Although the cause of fire accidents have not been identified precisely, it should be considered battery
and PCS (power conditioning system) as well as unbalance issues in the distribution system. In particular,
circulating currents in a neutral line of a grid-connected transformer, which can affect a magnetized
current, may have a negative effect on the ESS with unintentional core saturation and surge voltages at
the secondary side of the transformer. Therefore, this paper proposes the modeling of the distribution
system, which was composed of a substation, grid-connected transformer, and customer loads using
PSCAD/EMTDC S/W, to analyze the phenomena of circulating current and surge voltages of the
transformer with unbalanced currents in the distribution system. This paper presents a countermeasure
for a circulating current with the installation of NGR (neutral grounding resistor) in grid-connected
transformer. From the simulation results, it is clear that exceeding the circulating current and surge
voltage at the secondary side of the transformer can be one of the causes of fire accidents.
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Table 1. Simulation conditions of winding and iron
core structure
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Table 2. Simulation conditions of iron core saturation at
grid-connected transformer

items contents
winding type Yg-A
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Table 3. Circulating current with winding and iron
core structure

circulating current
winding type
3-bank 3-limb 5-limb

Yg-Yg X O X
Yg-Y X O X
Yg- A (0] O (0]
A -Yg X X X

A -y X X X
A-A X X X

power factor 0.9
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Table 4. Circulating current with unbalanced load
conditions and ESS connection points

simulation conditions neutral current
load |unbalance lel;neth M.TR side grid;;o:&eected load side
[MVA) | d rateloe] | ') [A] ol (A]
10 20.29 5.43 25.60
10 20 21.24 11.36 32.41
10 30 29.86 23.96 53.48
10 30.45 8.15 38.43
15 20 31.95 17.09 48.74
30 44.91 36.04 80.42
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