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Voltage Control in a Novel Three-Phase Line Interactive UPS
System with Parallel-Series Active Power Line Conditioning
Capabilities using AC Line Reactor
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Abstract In this paper a novel 3-phase line interactive UPS(Uninterruptible Power Supply) system with
parallel-series active power-line conditioning capability using AC line reactor and two four-leg PWM
VSCs(Voltage Source Converters) is proposed. And the strategy of voltage control in proposed UPS system is
explained. The objective of voltage control in parallel(shunt) and series PWM VSC of proposed UPS system is
to guarantee satisfactory characteristics in steady state and transient state.
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1. Introduction three-phase unbalanced loads such as single-phase

rectifier loads for the switched mode power supply,

The line interactive UPS systems have been widely three-phase rectifiers with de-side LC filters, etc.
used to improve the power source quality as well as Therefore, a zero sequence voltage should be
to maintain the desired load voltage waveform for controllable in the three-phase UPS system. However
critical loads such as computers, medical equipment, in much research, the controllability of the zero
and industrial control systems, despite of the various sequence voltage has been ignored.[2-4] For the
power line faults and the voltage deviation controllability of the zero sequence voltage, the
condition.[1] Generally there are only a few situations half-bridge converter topology, with the output nodes
where the UPS system feeds the three-phase balanced of the three legs connected to the center point of DC
load. Most of the loads are single-phase nonlinear and link, has been used widely for many industry

applications.[5] However in the case of the half-bridge

th P { i th i
This work was supported by the 2004 Soonchunhyang topology, ¢ UPS system requires e DC link

University Rescarch Fund (20040060) voltage to be maintained to be at least twice as large
'Division of information Technology Engineering, as the peak value of the nominal output voltage. The
Soonchunhyang University battery voltage should ascend along with the DC link
“Corresponding author : Jun-Keun Ji(jkji@sch.ac.kr) voltage, which brings about the increase of the
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material and maintenance cost, since the number of
the batteries increases.

The UPS system using the 4-leg voltage source
converter proposed in this paper can use the DC link
voltage effectively by the carrier-based 3-D SVPWM

method™” and also has the controllability of the zero
sequence voltage as well as the instantaneous
symmetrical component voltages. The DC battery

voltage can be reduced by 15% in comparison with
that of the conventional half-bridge converter type
UPS system. This paper describes the novel UPS
system with two 4-leg VSCs and AC line reactor, and
described.  The
simulations and experiments have been performed for

the verification of the feasibility of the proposed UPS

its voltage control strategy is

system.

2. The proposed UPS systemm

Fig. 1 shows the configuration of the proposed line
interactive UPS system. As shown in Fig. 1, the two
4-leg voltage source converters are employed for
power line conditioning. One is in parallel with the
AC reactor of the power source side and the other is
in series with the load. The 4-leg inverters, parallel
with the ac reactor and series with the load, will be

referred to as a shunt inverter and a- series inverter,

respectively. Note that the ac line reactor exists
between the power source and the shunt inverter. The
shunt inverter acts as a voltage source so as to

the

inverter acts as a direct voltage restorer so as to

control reactor current indirectly. The series
eliminate the harmonics and the unbalanced component
of the output voltage.

By understanding the carrier-based 3-D SVPWM
method, the 4-leg VSC can be completely modified
into three single-phase full-bridge converters with an
available voltage limited by 0.933Vdc.™ That is to
say, the 4-leg voltage source converter is equivalent to
three-independently-controllable voltage sources. Hence
the proposed system can be simplified by the single

phase equivalent circuit as shown in Fig. 2.

Source
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Fig. 2 Single phase equivalent circuit of Fig. 1
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Fig. 1 Configuration of proposed UPS system
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3. Voltage Controi Strategy

The of the

inverter(Vpcap') can be written as eq. (1) using the

output voltage reference shunt
desired line reactor current(ly ), which is also the
desired source current written as eq. (2). The source
current is determined by the compensation current
which by the pqr

instantaneous power theory', so that the sinusoidal

. . .
reference(lcomp ) is  given
source currents are maintained, and the neutral line
current is eliminated even when the zero sequence

component exists in the source and load side.

Vpcap = Kn: - SLIinclsm (1)
Isrc = Iload - [comp 2)

The shunt inverter controls the three-phase line
the

The series 4-leg voltage source

voltage so as to control line reactor current

indirectly. inverter
compensates the load voltage to be balanced and
harmonic-free. Both of the series and parallel 4-leg
voltage source inverters always act as independently
controllable voltage sources, so that three-phase output
voltage shows a seamless transition to the back-up
mode with the battery. The conceptual view of the
control strategy for the UPS system is shown in Fig.

3. The phase diagram of the controlled voltages(Vpcsp

UPS powerblock

and V) during the normal operation is shown in
Fig. 4. If the resistance of ac line reactor(Rin) is
neglected, Vine will be orthogonal to the source
current. Therefore the output voltage of the shunt
inverter controlled by Vpp, shown in Fig. 4, makes

the power source keep the unity power factor.

Fig. 4 UPS operation for unity power factor during the
normal operation

4. Simulation Results

The simulation has been performed to verify the
feasibility of the control strategy for the proposed
UPS system. Considering a grid voltage variation of
+10% fundamental component with 5% third, fifth,
and seventh harmonics voltage contents, the proposed
UPS

nonlinear combined load. The major parameters of the

system provides a linear wunbalanced and

UPS system used in the simulation are summarized in
Table I.

Source block Load block
oo Lee Yoo Lie Rie Te—3y Tew—y Vicar Viop
;@—'ooo ToT WA . y N LOAD
T
Voine g Vi
- Fault
7] detector
Freezing v [cr
aREF
RWG _i
X
WREF i
+ [C]: PQR transformation

Fig. 3 Block diagram of control system
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Table 1. Suggested UPS system parameters

Grid Rated Power 60kVA/380V
Lline 0.1pu
Rline 0.005pu
Vbattery/Vdc 650V/700V
Turns Ratio of 15
Series Transformer )
LC Filters
Shunt(Parallel) Series
Lfp Cfp Lfs Cfs
300uH 200uF 600uH 60uF

Fig. 5 represents the simulation results under the

condition that the UPS system feeds the unbalanced
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and nonlinear combined loads, and that the A-phase
10% sag occurs at 0.55 sec during 3 cycles. The load
currents have zero sequence due to the unbalanced
load, and the zero sequence voltage appears in the
source voltage during the voltage sag period. The
sinusoidal source currents and neutral current
elimination are achieved even though both zero
sequence voltage and current exist, as shown in Fig.
5(a). Fig. 5(b) shows that proposed UPS
unity  power Through these

the feasibility of the proposed

system
operates  at factor.
simulation results,

control strategy can be verified.
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(a) Sinusoidal source current and elimination of zero sequence current
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Fig. 5 Simulation Results
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5. Experimental Results

Fig. 6 shows the experimental voltage and current
response of normal mode in suggested 60KVA UPS
system. Though load current liae is not in phase with
source voltage Vg in case of nonlinear load condition,
source current Iy is in phase with source voltage V.
Also through voltage waveforms of parallel and series
PWM converters, it is proved that voltage control of
suggested UPS system is successful.
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Fig 6. Normal mode response of suggested UPS system

6. Conclusions

This paper has proposed a novel topology and its
voltage control strategy for three-phase line-interactive
UPS

conditioning capability using two 4-leg voltage source

system with parallel-series active power-line
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converters and AC line reactor. The shunt inverter
eliminates the neutral line current and the active ripple
power of the source side using the pqr transformation
so that unity power factor and the sinusoidal source
current can be achieved even though both source and
load voltages have zero sequence components. The
series  inverter operating as dynamic  voltage
restorer(DVR) compensates the line voltage and allows
the load voltage to be balanced and harmonic-free.
Both of series and shunt inverters always act as
independently controllable voltage sources, so that the
three-phase output show a seamless
the

conventional parallel-series line interactive UPS system

voltage can

transition to backup mode in contrast to

needing transition from current source to voltage

source at backup mode.
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