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Abstract
Dynamic voltage restorer (DVR) is a series-conrg¢tansient voltage compensation equipment used in
distribution grid aiming at dynamic power qualityoplems such as voltage sag and swell. The topabédyVR
directly influences the output characteristics, $ftreicture and the cost of overall DVR. This pagealyzes and
compares three topologies applicable to low-volt&}éR in respect of DC voltage utilization ratio, sgudive
capability to unbalance, flexibility and so on. Téenclusion is reached that three-H bridge is thén@al topology

for DVR used in low-voltage distribution grid.

Keywords. DVR; Three-phase four-line half bridge; Three-gpdéour-leg bridge; Three-H bridge.

I ntroduction

DVR is a power quality control equipment
aiming at transient voltage disturbance such atagel
sag and swell in distribution grid. According tcs it
compensation types, DVR is classified into two
categories: DVR based on line voltage compensatiah
DVR based on phase voltage compensation. Applied
occasions and topologies of both DVR are differéyt.
for DVR based on line voltage compensation, three
phases are coupled with each other. So, this KimV&R
only outputs symmetry three phase line voltage iand
difficult to compensate unbalanced power quality
problems. While three phases in DVR based on phase
voltage compensation are independent with eachr.othe
Thus the second kind of DVR can independently abntr
the amplitude and the phase of compensation voliade
can be applied to adjust various voltage qualitbfgms
including asymmetry faults.

Medium-voltage distribution grids in China
universally adopt non-ground neutral system [1], in
which many loads such as synchronous machine with
three-phase three-line only need symmetry lineagals.
Hence, DVR based on line voltage compensation is
suitable to medium-voltage distribution grid. Low-
voltage distribution grids in China widely use tkwe
phase four-line connection and unbalanced powditgua
problems frequently occur. Given this situation, BV
based on phase voltage compensation is approfoiate
low-voltage distribution grid.[1]

According to the characteristics of low-voltage
distribution grid, the paper researches and comnspare
three suitable inverter topologies in respect aofmaxtion

type and compensation property. Then, three-H bridg
structure is determined to be the optimal topology.

Operation Principleof DVR

To effectively compensate transient voltage
disturbance in distribution grid, DVR is generally
installed between the grid and the load in series
illustrated by Fig. 1.

In the case of a grid voltage disturbance, DVR
outputs the difference between faulty voltage atehl
one. As a result, the load voltage can remain nbr&w
DVR is equivalent to a dynamic controlled AC vokag
source. And its core part is an inverter which oatput
required voltage with specific amplitude and phase.

Shown as Fig. 2, if grid voltage\és, load voltage keep
normal vaIueVL, then compensation voltage from

DVR is:VC :VL_VS. The compensation voltage is
generated by the inverter.
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Fig. 1 Schematic diagram of DVR
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Fig. 2 Overall structureof DVR

Analysis on Inverter Topology of DVR Based on

Phase Voltage Compensation

As mentioned above, to meet the requirement of

asymmetry voltage fault compensation,
distribution grids in China universally adopt DVRded

on phase voltage compensation.

In DVR based on phase voltage compensation,
amplitude and phase angle of each phase should be

low-voltage

controlled independently. To realize the decouplafg
three phases, there are several topologies anctstes

of DVR as follow:

(1) Three-phase four-line half bridge inverter
connects the gird by star-connection transformar, i
which neutral point of transformer is connected hwit

neutral point of DC capacitor[2]. This case is shoas

Fig. 3.

ISSN: 2277-9655
Impact Factor: 1.852

3 582 LLJJ
Grid = uJ A e oad
U 2 U
2 ™ e
= ] HH HH
T:
Ve K? @ ‘ N

U 2 at A
—1 n b B
— C C

Fig. 3 Three-phase four-line half bridge

(2) Three-phase four-leg bridge inverter whose
fourth leg makes up neutral point connects the byd
star-connection transformer, in which neutral paift
transformer is connected with neutral point of faur

leg[3]. The situation is shown as Fig. 4.
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Fig. 4 Three-phase four-leg bridge
Uy r——- Ug
) u ___ TUAT
Grid s r 1 L
Ut = i v,
ToJT —_——
Taaall H E
A B (o}
TAL TA3 TB1 B3 TC1 TC3
TA2 TA4 TB2 TB4 TC2 TC4
[ [ ||
I I |
Vel vm%% V|

Fig. 5 Three-H bridge
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(3) Three independent full bridges inverter
which also is called three-H bridge can connectding
by transformer or by filter capacitor. The situatics

shown as Fig. 4.

Three-phase four-line half bridge is composed
by 6 power semiconductor devices and has compact
structure. Nevertheless, it has inherent drawbdtk®C
terminal need two enormous capacitors in series to
restrain the fluctuation of neutral voltage. Whems
asymmetry three-phase voltage disturbance ocches, t
balanced current will flow to the neutral point, iatn
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possibly leads to voltage fluctuation of neutralnboAs
a result, compensation voltage from DVR inverteybea
deviates from required value. In addition, unbadahc
current will reduce working life of DC capacitor.

Compared to three-phase four-line half bridge,
three-phase four-leg inverter has a fourth leg cosepd
by two power devices. The fourth leg can alleviate
neutral point voltage unbalance to some extent, But
the same time, the fourth leg is a common leg and i
coupled with other three legs, thus, the contraltegy is
very complicated.[4-5]

Three-H bridge inverter combines three
relatively independent full bridges to output thig®ase
voltages, in which, there is no coupling within gér
phases. So, three-H bridge inverter has the stsinge
ability to compensate asymmetry and unbalanceagelt
faults in three phase grid. Additionally, its caitr
strategy is the simplest. Its drawback is thabinprises
12 power devices and has comparatively scattered
structure.

[6] defines maximum available peak voltage

per leg ratioK,,p by (1), which indicates utilization
ration of leg and DC voltage in various topologies.
Controlled by conventional SPWMK,,s of each
topology mentioned above is shown as table 1.
Kwver = Vinax Eﬁ E'L 1)
n U,

Where:V,,,, is maximum amplitude of single phase
voltage of an inverter)\ is phase number which can be
controlled independentlyf is the number of legd) ..
is the voltage of DC bus.

Table 1 Maximum available peak voltage per leg ratio

Topology Kwvee

Three-phase four-line U ﬁg 1 - 05
half bridge 2 3 U, '

Three-phase four-line (ﬂq_uidc_ﬁ)ﬁé -069
bridge J3 2 43 AU,

u, Pt =05
6 U

dc

Three-H bridge

Supposed voltage compensation capability
which also is maximum output voltage of DVR inverte

is confirmed. And note the maximum voltagd s, ., -
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According to the definition ofK,, 5 by (1)

and Table 1, if DVR adopts the topology of threagxh
four-line half bridge, the voltage of DC bus shoh

3.1
Udc(l 25 Osmiﬁ:haxzzuiﬁ:hax )
If DVR adopts the topology of three-phase four-leg

bridge, the voltage of DC bus should be:

3_1
U, @ =—-E——WNU,;., = 1073J, 3
dc( ) 4 0699 iMax iMax ( )
If DVR adopts the topology of three-H bridge, the

voltage of DC bus should be:

3.1
Udc (3) :EG(EmJimwax :UiEnax (4)

Based on calculation above, for a DVR with
specific voltage compensation capability, threesgha
four-line half bridge inverter requires minimum paw
devices, but the voltage stress of power deviceis im
about twice as high as that in the later topolagies

The transformer in DVR can reduce voltage
stress of power devices in the inverter and isotpte
voltage. But the nonlinear characteristics of tfarmer
will lead to some problems: (1) There is transi@ntash
current or surge current caused by saturation atidge
sag, which will bring security risks for system oga@on;

(2) The transformer generates extra harmonics, lwhic
add design difficulty of DVR filter; (3) The trarmimer
increases the volume and weight of DVR.[7]

Given the drawbacks of transformer, in low-
voltage distribution grid, the ideal situation &t DVR
directionally connects the grid by filter capacitand
takes off the transformer. Next, the paper willlgsia if
each topology mentioned above is can be used in the
DVR without transformer.

For example, nearby the point D in distribution
grid shown in Fig. 6, there are various loads idirig
single phase and three phases which comprise delta
connection and star connection. And a DVR is itestal
between the point D and the loads. DVR topology may
one type of among three ones mentioned above.elf th
transformers in the first two type of DVR are rerady
the grid voltage and the load voltage both willntur
faulty. Firstly, taking three-phase four-line DVRs a
example, the paper analysis the reason why theryst
can not work normally when the transformer is reathv

DVR without transformer connect the grid by
filter capacitor. Six power devices T1~T6 in thygease
four-line inverter is controlled by SPWM pulses.dne
moment, there is one and only one power deviceadah e
leg which is on. So, there always are three poweicgs
that are on simultaneously in the whole inverteip@®se
T1, T2 and T3 of three-phase four-line invertervgh@s
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Fig. 3 are simultaneously switched on, then thespha
voltage U, and U, will be develop short circuit via filter

inductors, which is a severe fault. At the sameefitwo

of three phase loads likely are connected with nagut
line simultaneously for there is no isolation of
transformer, which will lead to load failure.

The case of three-phase four-leg DVR without
transformer is similar to three-phase four-linenkle for
three-phase four-line DVR and three-phase four-leg
DVR, the transformer is indispensable. This alstheir
major defect which reduces DVR'’s flexibility.

(b

Fig. 6 Theload in distribution grid
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Table 2 The characteristics of threetypes of DVR

Adaptive
R e Devices DC Transfor Control bi.litp' t
POIORY Number Capacitor -mer Strategy wapa ¥ °
unbalance
Pt gty s = .. most
;i‘ﬂf::;g- 6 big indispensable complicated bad
Thrze-phase
four-line 8 small indispensable complicated better
bridss
E;-’:H 12 small optional simple best

While for three-H bridge DVR illustrated by Fig. the

DC bus, the inverter circuit and the filters ofd@rphase

all are independent with each other, so DVR is not

possible to lead to short circuit problems of thiel g@nd

the loads as mentioned above. Consequently, three-H

bridge DVR can remove transformer, which is an

obvious superiority. The characteristics of thrgees of

DVR are summarized and contrasted as Table 2.
According to analysis above, for DVR in low-

voltage distribution grid, three-H bridge topologjyould

be the most preferential choice with the best perémce

and flexibility.

Conclusion

Based on the research and comparison of three
topologies used in low-voltage DVR, we can reach th
conclusion that: three-H bridge has the highest DC
voltage utilization ratio, the strongest adaptiepability
to unbalance, the most flexible and simple control
strategy. And it is the only topology can remove th
transformer. So, three-H bridge is the optimal topg
for DVR used in low-voltage distribution DVR.
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