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Abstract
A novel PV based Dynamic voltage restorer (DVRhviuzzy controller installed between the supphga
sensitive load to protect sensitive devices inagstdisturbances. DVR should inject voltage antvegtower from
DVR to distribution system during voltage disturbas. Inject voltage taken from solar PV panelhis paper new
control method and minimal energy taken for DVRiisposed by combing with fuzzy logic.
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Introduction

Voltage sag and swell are two most importance
term in power quality (PQ) problems that produced
almost 80% of the distribution system PQ proble[1]
According to the IEEE standard, voltage sag is ekese
of 0.1 to 0.9 p.u in the rms voltage level at tgstem
frequency and with duration of half cycle to 1 min
voltage sag of down to 70% are much more common
then complete outage. Short circuits, starting darg
motors, sudden changes of load, and energization of
transformer are the main cause of voltage sag.
Considering the use of sensitive device in modern
industries. Different methods of compensation dfage
sags have been used[4]. One of those method ig usin
DVR with energy storage can be used to control powe
quality problems. A DVR is basically a controlled
voltage source installed between the supply and a
sensitive load. It injects voltage on the distribnt
system to compensate any disturbance after loasl sid
The compensation capacity of a particular DVR degen
on the maximum voltage injection ability and active
power which can be supplied by the DVR[5]. DVR abul
maintain load voltage unchanged during any kindt fiau
use of energy storage devices. Battery, super atingdu
magnetic energy storage system (SEMES) is requared
apply active power to DVR at fault time[7]. So this
storage energy limitation necessary to minimizergne
injection from DVR. In this paper new minimal engrg
injection technique of restore voltage sage areudised.
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Figl. Typical DVR connected distribution system.

A typical DVR-connected distributisgistem is
shown in (Fig. 1), where the DVR consists of a ag#-
source inverter, series-connected injection transéo,
an inverter output filter, and an energy storageicde
that is connected to the dc link. Voltage souroeeiter
can be controlled three phase injection transfoj@her
Before injecting the inverter output to the voltagenust
be filtered so that harmonics due to switching figrcin
the inverter are eliminated. The injection transfer will
be connected in parallel with a bypass switch (Big.
When there is no disturbance in voltage, the imect
transformer will be short circuited by this swittb
minimize losses and maximize cost effectivenessoAl
this switch can be in the form of two parallel thters, as
they have high on and off speed. A financial asees$
of
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Voltage sag events and use of flexible ac
transmission systems (FACTS) devices, such as ¥R,
mitigate them is provided. It is obvious that the
flexibility of the DVR output depends on the swiicp
accuracy of the pulse width modulation (PWM) scheme
and the control method. The PWM generates sinusoida
signals by comparing a sinusoidal wave with a saotht
wave and sending appropriate signals to the Inwverte
switches.

DVR Operational Principle

The DVR system shown in Fig. (1) Controls the
load voltage by injecting an appropriate voltagegur
(VDVR) in series with the system using the injentio
series transformer [9]. In most of the sag compmsa
techniques, it is necessary that during compensatte
DVR injects some active power to the system. Theecf
the capacity of the storage unit can be a limifagjor in
compensation, especially during long-term voltaagss

Pre-sag voltage

Fig. 2. phasor diagram of the electrical conditionsduring a
voltage sag

The phasor diagram in Fig.( 2) shows the electrical
conditions during voltage sag, where, for clarityyoone

phase is shown. the operators d,, @are the load

current, the load power factor angle, and the gelta
phase advance angle, respectively (13) . It shaad
noted that in addition to the in-phase injectiochtéque.
One of the advantages of this method over the asph
method is that less active power should be traresdler
from the storage unit to the distribution systenhisT
results in compensation for deeper sags or sags wit
longer durations. Due to the existencesemiconductor
switches in the DVR inverter, this piece of equipis
nonlinear. However, the state equatiorman be
liberalized usinglinearization techniques. The dynamic
characteristic of the DVR is influenced by thedfiliand
the load. Although the modeling of the filter (thesually

is a simple LC circuit) is easy to do, the load elod is
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not as simple because the load can vary from ardine
time invariant one to a nonlinear time-variant olmethis
paper, the simulations are performed with two typés
loads: 1) a constant power load and 2) a motor load
PRE-SAG Compensation M ethod

Fig 3. Pre-sag compensation method

In this fig (3), compensation takes the DVR
injected voltage is different between load voltayel
supply voltage in fault condition. In pre-sag cdiufi,
DVR injected to compensated voltage magnitude and
phase angle but in this method main drawback $sniot
controlled active power.

|VDVR| = |Vs| - |V| | (1)

— o[V SING,
%o = 11 (v,cos3, -v, coss,)] @
IN-Phase Compensation M ethod

In this method DVR injected voltage
magnitude is compensation. DVR injected voltagnis
phase to the fault supply voltage so that reason
minimized the injected voltage from DVR and reduced
the DC store capacity. In this method should DVR
injected only pre sag voltage .mostly used in phase
compensation is un sensitive loads but this methath
drawback is its intentioned more active power
Vini=Vbvr )

’Vinj = ‘ng‘ - |Vload| (4)
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Fig 4. In-phase compensation method

Minimal Energy Technique

Above two conventional methods are DVR
injected voltage ¥, have more active power so redused
that power due to limited DC storage capacity this
below diagram for minimal energy technique, load
current perpendicular to the injected voltage .noNy
injected active power is zero , more reactive powir
be injected . in this paper improve to the reducadive
power.

a=6+7,~¢ ()

Ois calculated given bellow equation

-1
8= —cos‘l{—VS } o
V,.COS(pC ©)

1 pu, Pre fault voltage

"

Fig 5. Phasor diagram of minimal energy technique

if supply voltage satisfy the bellow condition ththe
value ofs is feasible

Vs >V cos(h) @)

In above equations (7) is determine the sag level
is shallow sag or deep sag. Deep sag means in above
equations is equal .if the above equations is inakq
means the sag is shallow sag. in shallow sag ne¥Rs
injected voltage is equal to the zero if deep saama
DVR injected voltage not equal to the zero. Itiddo
injected voltage.

Suggested Control Strategy
In this previous section injectiaative power
Povr is zero at shallow sag. when deep sag is occers th

Povr i o
bvr 1S not equal to the zero in figure (6) supply voltage

Vs and the load current increases it affected thevecti
power andp values. it result to become increases to the
above two values. The relationship between thevecti
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power and DVR injected voltage. Show in the figGje(
with power factor 0.8 p.u.

Par injected power value is zero between sag
value is 0 to 2 p.u .in this casq,Hs negative side so
more active power not required because no econbmica
advantages. In consensual method the reactiverpewe
small active power is high but minimum injection
method active power injected small level and rigact
power will be high. In this paper will be improvélde
minimum energy injection bellow diagram the
relationship between injection active powey, Pand
inject active power in balanced 3oltage sag.
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Fig 6injected active power vsinjected voltage

Negative Byr Vvalue of minimum injection
active power is zero because not give economical
advantages of due to limited storage capacity. The
positive R, value side of minimum active power will be
injected .this power value estimated given bellow
equation
Pavr = (-0.1765+ 1.0325V sag) (7

The voltage sags mentioned earlieerew
balance three-phase. For unbalance voltage sages, t
three-phase instantaneous values of Vs, i.es, Wy,

V) generate negative and positive sequence voltages.
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Fig. 7. Minimum injected active power
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The output Vyrrer and varg Value we get in
conversion use park transformation from the 3plese
(abc) voltage frame to the dq reference
V4V q0utput apply to the bellow math function

2
(VLd )2 +(\/|_q ) (8)
Lm Vbase
Also input supply voltage (3 Vsb,Vsc) apply to the abc
to dg transmission the output we gef¥Vsq.dc
Where T is
T=| cost) cosft—2r/3) cost+ 27/3)
Lin(ax) sin(et - 277/3)  sin(ad + 277/3)}

(10)

Output we will get Vi p, -this value compare to
the Vi m e pu USiNg cOmparator . the error signal applied to
the fuzzy logic controller

In this project the compensation of loadtage for
unbalance voltage sags, DVR Injects DC componént o
active power, Pdvr, dc that restores fundamental
components Of voltage sags and in the same timetj

WLm, p

labe B2 lsbo

vabe B1
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AC component of active power, Pdvr, ac that restore
negative sequence components of voltage sags
active power [,, dc can be calculated as follows:

Pdvr,dFVdvd,dc lg + Vdvrq,dclq (11)
where

Vaurd,de= Vid -Vsd,de (12)

Vdvrq,dc qu'Vsq,dc (13)

The per unit magnitude of fundamental
components of left-hand side voltage of DVR,\,, can
be obtained by the following equation:

2
2
(VLd) + Lq )

" V,

base

The, Ry, dc, ref and the feedback difference

between reference values valugy,Ps. passes through
the fuzzy controller and the output of the fuzzytroller

is added to the q axis AC component gf V

= WF

ssssss V_awi_abe ref

4:‘ dae
= abe {—
nit Dels:

ransformation

e, de

Caontrollert

Fig 8 The Suggested Control

Simulation Results

System shown in fig (8has been modeled by
PSCAD/EMTDC to study the efficiency of suggested
control strategy. The system parameters are listed
table 1. It is assumed that the voltage magnitudine
load bus is maintained at 1 pu during the voltagg
conditions. The results of the most important satiahs
are represented in Figs.

Table 1 Case study parameter

parameter value
Load voltage 400 v
Load power 125 kva
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Load power factor 0.8
Base power 125 kva
Energy store value 120 v
Ls 1mh

Rs 0.07 ohm
Cs 300pf
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Fig .8. (a) supply voltage M(b) injected voltage (),
(c) load voltage( }), (d)DC component of injected active
power, (R,ad

The three-phase instantaneous valueB\WR
left hand side voltage, Vs, i.e., (Vsa,Vsb, Vsaojected
voltage, Vdvr , load voltage, VL (or VLa, Lb,VLchd
DC component of injected active power, Pdvr, dcehav
been shown in Fig.8(a), (b), (c) and (d) for a cagh a
0.146 pu balance three-phase voltage sag which has
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happened at t = 0.7 s. In this case DVR works & th
suggested control strategy mode.

Conclusion

In order to compensate voltage sag it is
possible to use dynamic voltage restorer(DVR) with
fuzzy logic control in distribution system for ansdéive
load. In this paper the control strategies for the
compensation of the supply voltage sag is preseted
addition, a new concept of restoration technique is
proposed to inject minimum energy in unbalance .sags
Proposed control method makes zero injection power
during shallow sag and controls DVR so that infatthf
power is minimized during deep sag. Simulation itssu
carried out by the PSCAD/EMTDC shows that the
proposed method can minimize the injected actiwegoo
of DVR for a specific apparent power.
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