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Abstract- In recent times, the grid integration of wind poweneration to the standard grid has been incresigadicantly. The
Wind Farm (WF) is to be connected to High Voltag®/) power transmission grids through Medium Voltg#V) distribution
headlines. The poor voltage regulation at the Rafi@ommon Coupling (PCC) is the main problem comiypdound Wind Farm
connected. Also, WF is affected by Tower ShadofedEfdue disturbance in wind flow which causesagit fluctuations in the
system. Compensation techniques are used addtesspsoblem of poor voltage regulation at PCC arfd $tability due system
load changes.

In this Paper, a compensation strategy based ditydar custom power device i.e. Unified Power QyaConditioner
(UPQC) has been proposed. Synchronous ReferenogeRrantrol scheme is used to mitigate voltage diatidns and to regulate
the WF terminal voltage at PCC caused by pulsaii§ generated power and system load changes resggctiThe
effectiveness of the proposed compensation apprisademonstrated using a study case. Simulatiomtseshow that there is
reduction in power fluctuations at grid and voltdigetuations at PCC.

Index Terms— Wind Farm, Weak Grid, Unified Power Quality Conditioner, Voltage Fluctuations.

. INTRODUCTION connected to weak grid. The UPQC is controlleceguiate the
The location of generation facilities for wind eggiis WEF terminal voltage, and to mitigate voltage flatians at the
determined by wind energy resource availabilityenffar from Point of common coupling (PCC), caused by systemd lo
High Voltage (HV) power transmission grids and maj&hanges and pulsating WF generated power. On ke band,
consumption centers. In case of facilities with jued power the shunt converter is used to filter the WF gategt power to
ratings, the WF is connected through Medium Volté#) prevent voltage fluctuations, requiring active arghctive
distribution headlines. Voltage Fluctuations witcor when Power handling capability.
Wind Farm is associated with Tower Shadow Effecilevi is The sharing of active power between converters is
connected to the Grid [1]. In order to reduce theltage Managed through the Common DC link [4]. Wind Farm
Fluctuations that may cause “Flicker’, and improvér connected to Weak Grid, a study case power sysieshown
terminal voltage regulation, several solutions haeen posed. In the figure 1.
The most common one is to upgrade the power graeasing
the Short Circuit Power level at the PCC, thus caty the
impact of Power Fluctuations and voltage regulapooblems

[2].

The other solution is using Active powe

compensators have fast response compared to the

frequency which allows great flexibility in enhangithe power - @
quality in distribution systems by employing Custdtower ﬁ - Y
Devices (CPD) devices [3]. In this paper, custowgrodevice, L GENERATION
the Unified Power Quality Conditioner (UPQC) used t Fig-1: Study Case Power System

mitigate the power quality problems caused by wfadm
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Il. SYSTEM DESCRIPTION AND MODELLING Another control strategy is slightly more advancesl, to
A. System Description continuously control the power output of the wingbine in
The WF is composed by 36 wind turbines usirguch way that the voltage limit is not exceeded [8]

squirrel cage induction generators, adding up to6MW C. Fixed Speed I nduction Generator

electric power. Each turbine has attached fixedctiea The stator winding is connected directly to théd gr
compensation capacitor banks (175kVAr), and is eoted to and the rotor is driven by wind turbine and the povis
the power grid via 630KVA 0.69/33kV transformer. i§h transmitted to the grid by the stator winding. Hikeh angle is
system is taken from [5], and represents a red.cHse power controlled to limit the generator output power te nominal
that can be extracted from a wind turbine is deiteech by the value for high wind speeds. The reactive power ithabsorbed

following expression: by the induction generator is provided by grid.

P — % .p.m. RZ.v3. Cp (1) D. Custom Power Devices (CPD)
Custom power is a strategy, which is intended
Wherep is air density, R the radius of the swept areahés principally to convene the requirement of industriand
wind speed, and CP the power coefficient. For thesiered
turbines (600kW) the values are R = 31.9m,1.225 kg/m3

and CP calculation is taken from [6].

commercial consumers. The concept of the customepasy
tools of application of power electronics controlfevices into

power distribution system to supply a quality ofweo,

Then, a complete model of the WF is obtained tc)i%manded by the sensitive users. They have goddrpemce

turbine aggregation; this implies that the whole W& be at medium distribution levels and most are avadalas

modeled by only one equivalent wind turbine, whpegver is commercial products. For the generation of custamwep

the arithmetic sum of the power generated by edufbine devices VSl is generally used, due to self- suppgdf dc bus

according to the following equation: voltage with a large dc capacitor.

Pr = E 131 (2) I1l. UNIFIED POWER QUALITY CONDITIONER

11236 The dynamic compensation of voltage variation isfqpened

B. Weak Grid by injecting voltage and Active-Reactive Power @@P(MV6)

In case of facilities with medium power ratingbe t by UPQC [1]. The block diagram of UPQC is showrfigure
WEF is connected through Medium Voltage (MV) distitibn 2

headlines. A situation commonly found in such scheiWF
connected to Medium Voltage (MV) lines) is that thewer

PCC

U
MV6 Vserc :

generated is comparable to the transport capatityeogrid is lﬁb | @ i
; I wind farm
known as WF to Weak Grid connection. I
Ishuc
r=>3€~55 3 } s
Pwr ’ ( } A Eshuc Eserc
S,. is Short Circuit Power =120 MVA i is Wind Farm L
VSI ' VSI

Power = 21.6 MW. r<20 is considered as a “Weak 'Grid

connection [7]. The Problem of weak grids connectigith

Fig.-2: Block Diagram of UPQC
wind energy is voltage level fluctuations. To rBctithis

problem mainly two control strategies are preferr€me is The Shunt converter of UPQC is used to injectemtrr
Grid reinforcement, which increases the capabiitthe grid at PCC. The Series converter generates VoltagesebatPCC
by increasing the cross section of the cables bytielg a new and Ul.Operation of both VSI converters sharingsttuiee DC

line parallel to the existing line for some parttbé distance. bus by exchanging the Active Power between therbinflied
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Power Quality Conditioner (UPQC) is a device tisasimilar in U, = sinwt )
construction to a Unified Power Flow ConditionefP€LC). The U, = sin(wt — 120) (5)
UPQC, just as in a UPFC, employs two Voltage Source U, = sin(wt + 120) (6)

Inverters (VSIs) that connected to a DC energy agfer o ) _
Multiplying the peak amplitude of fundamental inpu
capacitor. One of these two VSIs is connected neseawith , ) .
voltage with unit vector templates of above equetigives the
AC line while the other is connected in shunt witie AC ,
reference voltage signals,

system. A UPQC combines the operations of a Digiio
Whoe,ref= Vm Uabc (7)

Static Compensator (DSTATCOM) and Dynamic Voltage
Regulator (DVR) together. Reference voltage signals are compared with the

instantaneous voltage sensed at PCC. Error gedeiathen
VI. UPQC CONTROL STRATEGY given to the PWM generator to generate the requgate
The UPQC serial converter is controlled to maimtagignals for series converter; in such a way thabihpensates
the WF terminal voltage at nominal value, thus cengating the voltage variations at PCC to maintain the namimlue of
the PCC voltage variations. In this way, the vaitagvind farm terminal voltage by injecting voltageiisphase with
disturbances coming from the grid cannot spreathéeo WF the PCC voltage.

facilities. As a side effect, this control actioraynincrease the

. S Peak Fundamental [nput
low voltage ride—through (LVRT) capability in theaurrence Volage Magnitude
of voltage sags in the WF terminals. The injectettage is

obtained subtracting the PCC voltage from the esfee Uyeea

Posa N
e ) U‘-‘,,’y

voltage, and is phase-aligned with the PCC voltaye.the U _.>/ .
i st o ]
other hand, the shunt converter of UPQC is usefiltés the Ve J'\( U - Fao \

2K D Locked 1 getsin(w)
V ot |
" " Loop terms only

. : : N
Thus, the power injected into the grid from the W L() 120 Dearee . Uy et
compensator set will be free from pulsations, whizk the Phase Shi \f T

Uy =

active and reactive power pulsations generated hey WF.

origin of voltage fluctuation that can propagat®ithe system.

This task is achieved by appropriate electricatents injection

: Uepy

in PCC. Also, the regulation of the DC bus voltdges been +120 Degree —>(— f
\

_ . | Phae Shi
assigned to this converter. U

i Fig.-3: Extractions of Unit Vector Templates
A. Control Strategy of Series Converter

Figures 3 and 4 shows the control strategy ofeser oy

converter. Control Strategy is based on extraatiomit vector

templates and reference voltages from the threesgsha Weoa

Distorted wind farm terminal voltages are sensedaint of [, N e
ol |\
Common Coupling (PCC). These unit vector templedes ( ) M Controlle Converter

equal to pure sinusoidal voltages generated witlpgr phase T

delay. Distorted wind farm terminal voltages sens¢dPCC Uy i —

i
w ¥

contains both fundamental component and distort Pl

component. To get unit input voltage vectog,dJ) sensed

y
"nrm

voltage is multiplied by gain k =1jvwhere y, equal to the
I P v 9 a Fig.-4: Control Strategy of Series Converter

peak amplitude fundamental input voltage.
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B. Control Strategy of Shunt Converter generator to generate the required gate signalssfamt

Vdc_ref converter. Powers PshuC and QshuC are calculatethen

rotating reference frame, as follows:

vdc (t)

T5F1 PshuC() = 2 LVECC(D). 18P C (D (8)

d-g-0 | pwm 3
Controller QshuC(v) = 3. VECC . 13MC (9

Pgrid (t)

Ignoring PCC voltage variation, these equations lmanvritten

Shunt as follows.

a-b-c Converter

Qgrid (t)

PshuC(t) = k. I4_shuC(t) (10)

QshuC(t) = kg.I5_shuC(t) (11)

Q Controller

Fig.-5: Control Strategy of Shunt Converter
g 9y VSI model proposed leading to linear relationshétween the

Control strategy of Shunt converter is based @@nerated power and the controller voltages. Rasult

“‘instantaneous power theory” as shown in figureMean equations are,
values of active and reactive power are obtainedobypass
filtering, and the bandwidth of such filters is eka so that the PshuC(t) = kg' Eq_shuC * (9 (12)
power fluctuation components selected for compémsat QshuC(t) = k{l’.Eq_ShuC * (t) (13)

Shunt converter controller generates both voltagemands

Ed_shuc(y)* and Eq_shuc(y)* based on power fluctwstAP The simulation in this project is carried by coctireg

and AQ, respectively. Such deviations are caIc:uIat(iqDQC Custom power device at the point of commorpliog
subtracting the mean power from the instantanecmsep

VIl. SIMULATION RESULTS AND DISCUSSIONS

where the wind farm to weak grid connection occurbe

. N . .
measured in PCC. Ed_shuc(t)* also contains therabattion model of the power system scheme in fig.-6 includes

for the DC—-bus voltage loop. This control loop witit interact controllers with control strategy and it was imptatted by

with the fluctuating power compensation. using MATLAB/SIMULINKR SOFTWARE.

Control voltage commands transform to phase voitaigg

using Inverse Park’s transformation is then giverthe PWM
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Fig.-6: Simulation model of Grid connected Wind fom with UPQC

Upper curve represents active power P (w) at gdd. sAt
t=0.5 it begins the cyclical power pulsation progidicue to
tower shadow effect. Lower curve represents reagtivwer
Q (var) at grid side. At  t=0.5 it begins the lagal power

pulsation produced due to tower shadow effect. Towe

shadow effect occurs due to the variation in torque

Fig.-8: voltage at PCC. [Vpcc (v)]. (Voltage v/s Tie)
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The voltage fluctuations is seen in above figure a

the point of common coupling for the time perio8 €.t < 3.

Due to these power quality problems occurred indviarms. Fig.-9: Active power of UPQC dc side. (Power v/s Tie)
After t=3, constant voltage is maintained due tee th

attenuation because of P and Q controllers cante attion

at t=3.So the active and reactive power is alscsteon after

t=3 shown in fig.-8.
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Fig.-14: Shunt & Series converters active power & B bus voltage.

At t=6, load is connected by injecting series vgdta
shown in fig.-15. So the voltage at PCC changesienig

f”

HW I
\ | \
)

shown in fig 13 and WF terminal voltage is remaingastant
shown in fig 14. At t=10 ,load is disconnected Thean
power injected by series convertor is absorbed tynts

converter due to voltage regulation loop actiorewersa. So
H IMIJ H

the step shows that the active power in series entewvis

same but opposite to that of shunt converter power.

DISCUSSIONS

Simulations are carried to determine and compensadtage
fluctuations due to wind power variations and sudéead
change. The simulation was performed based on the
following chronology:

Case 1: Att=0

Simulation will be started by series converter dadus

voltage controllers.

Case 2: At 0.5 <t < 3 (without compensator)

In this case wind farm will be affected by toweragbw

effect and it produces variation in torque. So dleéve and
Fig-12: Voltage at PCC due to sefies injected valge-(votage vl Tine reactive power will be fluctuated .For normal wispked the
frequency of power fluctuations is f=3.4Hz and terthe
amplitude is 1.5%.

The voltage fluctuations are occurred which arewshdn

above simulation results and it will cause distadss in

load and hence worsens of power quality and WHlgiab

Case 3: At, t =3 (with compensator)

In this case P and Q controllers are come in toaand

attenuates the power pulsations. The amplitudeh@fRCC

Fig.-13: Terminal voltage at wind farm. (voltage v/s Time)

voltage fluctuation is decreased compared with aboase
i.e., 0.18%.
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The series converter injects voltage to maintaimstant
terminal voltage of wind form. Series convertorgjuiee
negligible power to operate where as shunt conkerte
requires a high instantaneous power to operatectmisbe
done by using capacitors for compensating activevepo
fluctuation. Reactive power compensation has ntuémice
on dciside power In DCbus Voltage source invertors
(VSI's) have voltage level limitations based on ithe
characteristics. Power fluctuations depend on teacitor
size so the capacitor has to be selected so fhales in the
dc voltage are kept in the narrow level. Generallira
capacitors are used which is having size of C 2 6.4
Case 4: At, t = 6 (switching ON the load by closing.3)
and at t=10 (switching OFF the load by opening L3)
UPQC
variations at the time of sudden ON and OFF of $odal this

is also operated to maintain voltage
case load is connected at t =6 and disconnectédl@tand
that is seen in above simulation figures that thee sudden
change in PCC voltage. Due to series convertepradtVF

terminal voltage is almost constant.

VIIl. CONCLUSION

In this paper UPQC custom power device is placed
at the point of common coupling to compare the dpant
capacity of grid with power generated by the wiranf
(WF). UPQC employs Shunt and series connected gmlta
source inverters (VSI's). Shunt converter is fojedting
current at PCC and series converter is for injectinltage
between PCC for maintaining constant terminal \gata
rejecting voltage variations at PCC. The importardperty
of UPQC is the operation of both VSI convertersrisigathe
same DC bus which enables the active power exchange
between them. Hence, the voltage fluctuationsidtgide are
reduced. MATLAB simulink model is designed by
connecting UPQC at the point of common couplingt |
shows a good performance compared with DVR and
DOSTATCOM by rejecting power fluctuation due to tower
shadow effect and the regulation of voltage dueudden

change in load.
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