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Current Control in Cascaded H-bridge STATCOM for Electric Arc Furnaces

Byung-Ki Kwon', Seung-Ki Jungz, Tae-Hyeong KimT, and Yun-Hyun Kim'

Abstract

A static synchronous compensator (STATCOM) applied to rapidly changing, highly unbalanced loads such as

electric arc furnaces (EAFSs), requires both positive-sequence and negative-sequence current control, which

indicates fast response characteristics and can be controlled independently. Furthermore, a delta—connected
STATCOM with cascaded H-bridge configuration accompanying multiple separate DC-sides, should have high
performance zero-sequence current control to suppress a phase-to-phase imbalance in DC-side voltages when
compensating for unbalanced load. In this paper, actual EAF data is analyzed to reflect on the design of current
controllers and a pioneering zero—sequence current controller with a superb transient performance is devised,

which generates an imaginary -axis component from the presumed response of forwarded reference. Via

simulation and experiments, the performance of the positive, negative, and zero-sequence current control of a

cascaded H-bridge STATCOM for EAF is verified.

Key words: STATCOM, Electric arc furnace, Unbalanced load, Voltage imbalance, Positive-sequence current
control, Negative-sequence current control, Zero-sequence current control
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Fig. 2. Separation of positive- and negative-sequence

component along with abc-to-af axis transformation.

/!

T

ilp e
3 Ipg +e
- NC Iepgrer)

{coswer —sin@,f]

sin @ ¢

1

Ung Ty
e

sin (z)PIJ
¢
—sin@t cos@,t

; I

G

cosa,t led

el
1a e Ide(;e,

Iy, —»| Fig. 2

I, —»

cos @, f
s
. zCnd (ref)

Fig. 3. Positive- and negative-sequence current reference
generator.
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controller.
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Fig. 5. Zero—sequence current control with all-pass filter.
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Fig. 12. EAF phase currents during melting operation.
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Fig. 14. First-order delay response of current control.
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Current  waveforms under reactive power
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Current waveforms under reactive power and load

TABLE 1

SYSTEM PARAMETERS OF A STATCOM

system parameters values
cascaded multi-level configuration A -connection
rated power 30 kVA
rated woltage 440 V
rated current 394 A
dc-side voltage of each phase 800 V
switching frequency of each cell inv. 90 Hz
pulse-width modulation phase-shiffed
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control.
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