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ABSTRACT

This paper explains the new method of optimal utilization of unified power quality conditioner (UPQC). The series
inverter of UPQC is controlled to perform simultaneous voltage sag/swell compensation and load reactive power
sharing with the shunt inverter. The active power control approach is used to compensate voltage sag/swell and is
integrated with theory of power angle control (PAC) of UPQC to coordinate the load reactive power between the

two inverters.
Keywords: PAC, UPFC, UPQC

I.INTRODUCTION

The power quality problems are mainly seen in power distribution systems. The main source for increased current
and voltage harmonics is large use of nonlinear loads. The use of renewable energy sources in power system is
imposing new challenges to the power industries. To maintain power quality regulations at distribution levels,
UPQC is the solution. The basic block diagram of UPQC is as shown in fig.1.
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Fig.1 Unified Power Quality Conditioner
The block diagram consists of two voltage source inverter connected back to back using a common DC link
capacitor. The main power quality problems on the system are voltage sag/swell. This problem can be compensated
using a series active filter, dynamic voltage restorer, UPQC, etc. Among these the UPQC is having a better sag/swell

compensation capability. The sag on the system can be controlled by three different approaches namely: 1) active
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power control approach; 2) reactive power control approach; and 3) a minimum VA loading approach. In this paper
UPQC-VAmiIn approach is used. In a minimum VA loading approach, the series inverter voltage is injected at an
optimal angle with respect to the source current. By using PAC concept, a part of load reactive power demand is
also supported with proper control of series inverter voltage thereby reducing the required VA rating of shunt
inverter. The reactive power flow control can also be done with UPFC. A UPFC is utilized in a power transmission
system whereas a UPQC is used in power distribution system to perform the shunt and series compensation
simultaneously. The modified approach of UPFC is UPQC; in this compensation of voltage sag/swell is done by

sharing the load reactive power between two inverters.

I1.PROPOSED PROJECT

1) The series inverter of UPQC-S is utilized for both voltage sag/swell and load reactive power compensation with
shunt inverter.

2) The prime focus is to minimize the VA loading of UPQC during voltage sag condition by using the available VA

loading to its maximum capacity.

2.1 Voltage SAG/SWELL compensation using UPQC-P and UPQC-Q
V. "-Ref. load voltage, V. - load voltage(UPQC-P), V,? —load voltage(UPQC-Q), Vs —Series voltage(UPQC-P),
V@ -Series voltage (UPQC-Q), Vs -sag voltage, Vs -swell voltage
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Fig.2. (a) Voltage Sag (UPQC-P). (b) Voltage Sag (UPQC-Q). (c) Voltage Swell (UPQC-P). (d)
Voltage Swell (UPQC-Q).
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Fig.2(a & b)shows the phasor representations for voltage sag compensation using active power control as in UPQC-
P and reactive power control as in UPQC-Q.Fig.2 (¢ & d) shows the compensation capability of UPQC-P and

UPQC-Q to compensate a swell on the system.

2.2 PAC Approach under Voltage SAG Condition

(a) Series Inverter Parameter Estimation under Voltage Sag
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Fig.3 Phasor diagram to determine the series inverter parameters for the UPQC-Sunder voltage
sag condition.
In this section, the required series inverter parameters to get simultaneous load reactive power and voltage sag
compensations are computed. The fig.3 shows calculation of the magnitude and phase of series injection voltage.
The voltage fluctuation factor kf is given by,

L

== ()

Equation (1) represents sag condition under PAC
== (2)

Let us define

1+ kf =n,(3)

To compute the magnitude of Vs, from ACHB in Fig. 3

w = l(ch) =nk—y (4)

Ver| = k(1 + 12 — 21, cosd) (5)

To compute the phase of
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¢CHB = c¥ =tan* 2 =tan~t (225 ()

LW, =180° — 2W(7)

Equation (5) & (7), give the required magnitude and phase of series inverter voltage of UPQC-S.

b) Shunt Inverter Parameter Estimation under Voltage Sag

I,.cosf

I,.sinf

)q’;l K )

G

Fig.4. Phasor Diagram to Determine the Shunt Inverter Parameters
The above fig shows the phasor diagram to determine the shunt inverter injected current magnitude and its phase
angle. The source delivers the extra current, to give the active power required during voltage sag condition.

During voltage sag

e (8

I; =

—= ko (9)

1+kr
]

Therefore,
I, = k,I, cos ¥ (10)

Iy =4/

sinB)? + (I, (cos g — k, cos @&]]2(11)

I = I3/ 1+ kZ cos?W, — 2k, cos § cos ¥, (12)

cos f—k, cos ¥

J3)

— -1
p =tan { sin 3
LW, s = 2p+90°(14)
¥, =(2p +90%) — 5(15)

Equation (12) & (15) give the required magnitude and phase angle of a shunt inverter.
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c) Voltage SWELL Condition using PAC Approach
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Fig.5. Phasor representation for PAC of UPQC-S during a voltage swells on the system.
For voltage swell compensation using active power control approach
= — —(16)
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Fig.6. Phasor representation for different currents under PAC of UPQC-S under a voltage swells
condition.
Under voltage swell condition.
Vers £180° = 15 20° — W, £180°(17)
For simultaneous load reactive power and voltage swell compensations

—=—s+ —(18)

Vop Viri  Varsz

For series inverter

Ver|=ky/1 +n2 — 2n, cos §(19)
BN 8

£CLB = 22 =tan~t (=520

Mg—C088

£, = 180" — ££(21)
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I = I 1+ kZcos? W, — 2k, cos § cos ¥, (22)

¢ =tan~t (SEETe ) (5

W = (20 +90°) — 6(24)

Equation (12) & (15) sag, (22) & (24) for voltage swell compensation utilizing the PAC of UPQC are similar.

d) Active—Reactive power flow through UPQC
(i) Series Inverter of UPQC-S
For active power
P = Ve Iscos W, (25)
The increase or decrease in the source current magnitudes during the voltage sag or swell condition, is represented
by-
I, = I;=k, I, cos ¥, (26)
Therefore,
Py zac = By = —k,(n, — cos 5)(E)(27)
For reactive power
Q. =V sin'®, (28)
Therefore,
Qerpac = Qsr = ko (sin8)(P,)(29)
Equation (27) & (29) are used to determine the active and reactive power flow through series inverter of UPQC-S
during voltage sag/swell.
(i) Shunt Inverter of UPQC

The active and reactive power handled by the shunt inverter as seen from the source side is determined as follows

a &
0= n, =1+ {1 -k)k)
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Fig.7. Reference voltage signal generation for the series inverter
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For active power,

'PSF: = "{slf.sr: ':":'5[*[;;?:; (30)

Py =mnykls, (—sinp) (31)
(kip)leos § -k, conw, ]
ko

PSE_FHC -

(32)

For reactive power

Qe = Ven Isn sin ¥, £ (33)
Qe = nyklgy cos p(34)

Gk )isin )
QEF:_FAE - k&

(35)
Equation (32) & (35) are used to calculate the active and reactive power flow through shunt inverter of UPQC-S
during voltage sag/swell condition and also to determine the overall UPQC VA loading.

(lii) UPQC Controller

The power angle 6 is maintained at constant value under different operating conditions. Thus, the reactive power

shared by the series inverter and by the shunt inverter changes as per the equations.

IH1.MATLAB CIRCUITS
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Fig.8. Simulink Diagram of Proposed Method

IV.RESULTS
Following fig.9 shows the Performance of the proposed UPQC approach under voltage sags and swells conditions.

a) SourceP&Q d) Shunt Inverter P and Q'

b) Series Inverter P and Q e) Supply Voltage

¢) Load P and Q f) Load Voltage
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j) Load Current
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g) Series inverter injected voltage
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h) Self-supporting dc bus voltage

k) Shunt inverter injected current

i) Supply current
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