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Abstract- This study proposes a combined operation of the Unified Power Quality Conditioner (UPQC) with wind power generation system
considering investment cost. The proposed system consists of a series inverter, a shunt inverter and an induction generator connected in
the DC link through a converter. The proposed system can compensate voltage sag, voltage interruption, harmonics and reactive power.
The speed of the induction generator is controlled according to the variation of the wind speed in order to produce the maximum output
power. The investment cost of proposed system is compared with investment cost of separated use of UPQC and wind energy conversion
system (WECS) and the economic saving due to use of proposed system is estimated. The validity of the proposed system is verified by the
results of computersimulation.

Keywords fi series inverter, UPQC

I. INTRODUCTION The modeling of each section is discussed separately and

One of the most interesting structures of energy then the overall model is investigated.
conditioner is two back-to-back connected DC/AC fully
controlled For example, they can function as active seriesand
shunt filters to compensate simultaneously load current
harmonics and supply voltage fluctuations. In this case, the
equipment is called Unified Power Quality Conditioner
(UPQC).
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An active shunt filter is a suitable device for current-based
compensation. It can compensate current harmonics and
reactive power. The active series filter is normally used for
voltage harmonics and voltage sags compensation. The
UPQC, which has two inverters that share one DC link
capacitor, can compensate the voltage sag and swell, the Wi
harmonic current and voltage and control the power flow and twibins
voltage stability. Nevertheless, UPQC cannot compensate the Fig.1.proposed system
voltage interruption due to lack of energy source in its DC
link. . . . . A Wind turbine: The output power from a wind turbine can be

This study, a new configuration of UPQC is proposedthat expressed in below:
has a Wind Energy Generation System (WEGS) connected to
the DC link through the rectifier as shown in Fig. 1. The o R
significant advantage of this configuration in compare with = 7 — &N
separate operation of UPQC and wind energy generation WD
system is reduction in using of one inverter and use of shunt
inverter of UPQC as a WEGS's inverter. The UPQC can
compensate the voltage interruption in the source, while the
WEGS supplies power to the source and load or the load
only. There are two operation modes in the proposed system.
The VA rating of series and shunt inverters of UPQC are
estimated for proposed system. The investment cost of
proposed system is compared with investment cost of
separateduseofUPQCandWECSusingtheV Arating
calculations and the economic saving due to use of proposed
system is estimated.

Induction
generlor Wind turbine
converter

1. PROPOSEDSYSTEM

In the diagram, there are six main parts in proposed
system: wind turbine, induction generator, maximum power
point tracking which controls induction generator speed,
PWM rectifier, shunt inverter and series inverter of UPQC.
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where, T is tip-speed ratio, Vwino is the wind speed, R is
bladeradius, ™, istherotorspeed(radsec'l),G)istheair

density, Cp is the power coefficient, Py is mechanical output
power of wind turbine and Tw is the output torque of wind
turbine.

The power coefficient Cp depends on the pitch angle ,, the
angleatwhichtherotorbladescanrotatealongitslongaxis
andtip-speedratiolgivenbyEqg.4:

®lAh-2)
C o= (044 - 0.0167F) sin — 000184 A -2 (4
v Ty @)

where, ,is the blade pitch angle. For a fixed pitch type, the
valueof,issettoaconstantvalue

B Maximum power point tracking:

In this study, the pitch angle is kept at zero until the nominal
power of the induction generator is reached. At high wind
speeds, the pitch angle is increased to limit the input power .
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Fig. 2:  Power coefficient factor versus tip-
speedratiofor various pitchangles

Therefore,theoptimizedrotationalspeed ™ opt formaximum
aerodynamicefficiencyforagivenwindvelocityisgivenby:

b Vo
- Yo Vmm ©)

pt E
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where, Topt is the optimized tip-speed ratio which , is zero
and Cp is maximum. Hence, to fully utilize the wind energy,
1 should be maintained at Topt, which is determined from the
blade design. Then from Eq. 2:

I i o
P = EDER- o Vienm (6)

where, Pm max IS maximum mechanical output power of wind
turbine at a given wind speed.

Once the wind velocity Vwinp is measured, the reference
speed for extracting the maximum point is obtained from Eq.
5.

C Induction generator:

In this study, a fifth order model for induction generator
simulation is used. To overcome the complexity of themodel,
usually Park’s transformation is used. The transformed
induction machine equations are described below:

D3R 3R
& _?_"! 3 Lo I.I'dl]u- —luls I_T_-_\m I_'Jf’-.Flnk _Unqu| |(7)
< sy ==y
T, =2—(h,i, —14i, |(8)
P

where, 2is the number of poles in the induction generator.
Equation 8 describes torque equation of an induction
generator.

D Wind turbine converter:

The mechanical output power of wind turbine and rotorspeed
for a given wind speed is determined by the intersection of
wind turbine and the induction generator characteristic
curves.

Rotor flux reference frame is used for transformation of
induction machine equations. Selecting the d-axis aligned
with the rotor flux, the g-axis component of the flux will be
zero.Thismakestheequationseasiertohandle.Inthisframe,  the
torque and flux Eq. 13 described in Eq. 8 can be rewritten as:

] X, .
1_f'{| =x|l'{| - xn'l»:- =|:I _> ld = _K_=1:P(9)
o 3B, . _3Px,
. ——T"'~¢1.F _Tx_""-kl'u(lo)
X, L
w-mn =2
= (11)
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Py = Ay, (12)

L

where, T, is time constant of rotor and equals E.

. This approach simplifies the induction machine control. The
model is very similar to a separately excited DC machine
where the flux depends on the field current and the torque is
proportional to the flux and the armature current. The main
problem associated with field oriented control is the
requirement to estimate the flux axis angle. This is done
eitherbymeasuringthefluxattwodifferentpoints(with905
displacement), or estimating through rotor speed
measurement. In this study, flux axis angle E is calculated
through rotor speedmeasurement.

. 1
6=[ad=|a +%+“ dt (13)

(|

The wind turbine converter is designed to control the
rotational speed in order to produce the maximum output
power, where the indirect vector control is used. The control
part consists of a speed controller and the d-q current
controllers. The d-axis current component is generally set to
maintain the rated field flux in the whole range of speed,
while the speed loop will generate the g-axis current
component through a Pl controller to control the generator
torque and speed at different wind speed as shown in Fig. 3

I11.  VARIATING CALCULATIONOFSHUNT OAND
SERIESINVERTER

Volt Ampere (VA) rating of series and shunt inverters of
UPQC determines the size of the UPQC. The power loss is
also related to the VA loading of the UPQC. Here, the
loading calculation of shunt and series inverters of UPQC
with presence of DG at its DC link has been carried out on
thebasisoflinearloadforfundamentalfrequency.

The load voltage is to be kept constant at Vop.u. irrespective
of the supply voltage variation:

Vo=V, =V,=Vy=V, pu (14)
The load current is assumed to be constant at the rated value:
I:. = Ir.'. =1|.: = I:- pu (15)

Assuming the UPQC to be lossless, the active power demand
in the load remains constant and is drawn from the source:

VI, =V.I cosgp (16)
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In case of a sag when Vs,<Vsi, where x denotes the p.u. sag:
Ve =I1-x)V, =V (1-x)pu(17)

to maintain constant active power under the voltage sag
condition as explained in (1):

Vol cosg I cosg
=—4t = P
Vaill-x)  1-x P (18)

IEE

thereforeseriesinverterV Aratingequalsto:

_ VI i(xcoso) (19)
1-x

Injected current through shunt inverter is:

,J.:l—xlz—cc-sz¢{1—2:1—:»:;|}- (20)
1-x

L,=|L <L, -2} L coso=1,

therefore shunt inverter VA rating equals to:

S = W1 !
TTl-x

M-xi®z S T P
b ‘J'I.l x) +cos gyl 21 x)

(1)

1-x7 +eos@fl-2{1-x)}
I, *Z iy, DU

(1-x \
(a) Block Diagram OFUPQC:
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(b) Series inverter ofUPQC:

The function of series inverter is to compensate the voltage
disturbance in the source side, which is due to the fault in the
distribution line. These converters operate as a controlled
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rectifier when supply is drawn from the main source. It also
act as a inverter during supply inject from dc link to main
supply. Thus this converter act as a rectifier as well as
inverter depends upon the requirements.

IV. Modes ofoperation:

There are two modes of operation involved and they are

Mode 1: (0° to 180°)

During this mode, switches S1 and S2 is turned ON which
yields to the positive half cycle of the output AC voltage
waveform.

oo ] %

Mode 2: (180° to 360°)

During this mode, switches S3 and S4 is turned ON which
yields to the negative half cycle of the output AC voltage
waveform.

Rectifier operation:

A bridge rectifier is used to convert input AC voltage into
DC voltage. The circuit diagram of a Full wave Rectifier is
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givenbelow:

e
o | =

E

The full wave a rectifier operates based on two different
modes. They are

Mode 1: (0 to t/2)

During the positive half cycle of the input AC voltage, switch
M1 and M2 is reverse biased. But M and M3 is forward
biased and hence it conducts.

Mode 2: (t/2 to t)

During the negative half cycle of the inputAC voltage, Diode
M and M3 is reverse biased. But M1 and M2 is forward
biased and hence it conducts. Thereby the direction of
current through the load is maintained in the same direction
throughout thetime.

o
?\;AC ! %
1

Shunt inverter of UPQC:
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Modes of operation:
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There are two modes of operation involved and they are

Mode 1: (0° to 180°)
During this mode, switches S1 and S2 is turned ON which
yields to the positive half cycle of the output AC voltage
waveform.

|
T181

VOLTAGE ACROSS LOAD -2 AND LOAD-1
[193CTE SLOPE |

v | Real power

T Reactive power

Mode 2: (180° to 360°)

During this mode, switches S3 and S4 is turned ON which
yields to the negative half cycle of the output AC voltage
waveform.

|
T2 =
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]
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L1
LINE COMPENSATION CIRCUIT WITH ADDITIONAL
T g %% upgc
E
Upqc circuit model

V. SIMULATIONRESULTS:
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VOLTAGE ACROSS LOAD -2 AND LOAD-1 at alpha =0
degree

Real power at alpha =0 degree

Reactive power at alpha =0 degree

VOLTAGEACROSSLOAD-2ANDLOAD-1atalpha=36
degree

Real power at alpha =36 degree

Reactive power at alpha =36 degree

I

VOLTAGE ACROSS LOAD -2 AND LOAD-1 at alpha =72
degree

Real power at alpha =72 degree

Reactive power at alpha =72 degree

Firing Real power Reactive
angle (MW) power(MVAR)
(Degree)
0 1.099e6 0.322e6
36 1.367e6 0.3791e6
72 1.841e6 0.452e6

VI. CONCLUSION:

This study describes a combined operation of the unified
power quality conditioner with wind power generation
system considering investment cost. The proposed system
can compensate voltage sag , voltage interruption, andcontrol
the harmonics and reactive power . The VA rating of series
and shunt inverters of UPQC are estimated for proposed
system. The investment cost of proposed system is compared
with investment cost of separated use of UPQC and WECS
using the VA rating calculations and theeconomic saving due
to use of proposed system is estimated nearly 20%. The
circuit with series converter and shunt inverter section is
simulated. Series converter drawn the supply from main
source so it act as a controlled rectifier. Itis used to control
the terminal voltage. Shunt inverter control the power flow
.thus these two converter control the voltage
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sag and power flow control .Thus the performance of the
system is improved using facts device
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