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Abstract  
The paper deals with the system P-V or V-Q curves utilized for stability analyses of 
a power system. The determination of the mentioned nose curves is considered for 
a power system which is equipped with an Unified Power Flow Controller (UPFC). In 
the paper, a comparison of calculation for a power system with and without the 
UPFC device  is made. When the power system with the UPFC device is modelled 
the controlled sources have to be taken into account. To achieve suitably high influ-
ence of the UPFC device on behaviour of a power system, proper parameters of 
UPFC should be chosen. This is the main problem considered in the paper.  
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Introduction  

From the view-point of power system operation, voltage 
instability is recognised as one of the major problems [1]. 
Among factors contributing to this problem are 
(i) decreasing the number of voltage controlled points and 
increasing the electrical distance between generation and 
load because of the building of larger, remote power plants, 
(ii) the instability point is closer to normal values as a result 
of the heavy use of shunt compensation to support the vol-
tage profile, (iii) relatively large probability of occurrence of 
tripping of transmission or generation equipment, (iv) in the 
transmission open access environment, existence of eco-
nomical incentive to operate power systems closer to their 
limits. It becomes very essential to determine the conditions 
in which voltage instability can occur.  

It is common to consider the curves which relate voltage to 
active or reactive power, i.e. the curves P-V or V-Q, called 
also as nose curves, for the aim of voltage instability analy-
ses.  

The aim of the paper is to present results of analyses of the 
curves P-V and V-Q for a power system in which the Unified 
Power Flow Controller (UPFC) is installed. The UPFC devi-
ce is one of the FACTS devices, which enables flexible 
control of a power system [2]. During investigations of the 
curves P-V and V-Q, different values of parameters of 
UPFC and constraints on operation of the UPFC device are 
taken into account. 

CHARACTERISTICS OF UPFC  

The UPFC device in its general form can provide simultane-
ous, real-time control of all basic power system parameters 
(transmission voltage, impedance, and phase angle), or any 
combinations thereof, determining the transmitted power [2].  

UPFC consists of two switching converters. These conver-
ters are voltage sourced inverters using gate turn-off (GTO) 
thyristor valves. The inverters are labelled as  Inverter 1 and 
Inverter 2 in Fig. 1. They are coupled with common DC-link 
(provided by a DC storage capacitor) which allows free 
exchanging real power between the inverters. Inverter 1, 
which is connected with a transmission line through shunt 
transformer, is to supply or absorb a real power demand of 
Inverter 2 by the common DC link. Inverter 2 is coupled with 
the transmission line through a series transformer and pro-
vides the principle function by injecting an AC voltage with a 
controllable magnitude and a phase angle. Each inverter 
can independently generate or absorb reactive power at its 
own AC output terminal.  

The model of UPFC shown in Fig. 2 is composed of two 
controllable ideal voltage-sources [3]. These two coordina-
ted synchronous voltage sources represent the UPFC ade-
quately for the purpose of fundamental frequency steady-
state analysis.  

 

Fig.1 UPFC using two voltage-sourced inverters  
with a direct voltage link.  
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Fig.2 Equivalent circuit based on solid-state voltage 
sources. )sin(cos vRvRvRvR jV δδ +=V , 

)sin(cos cRcRcRcR jV δδ +=V  

Taking into account the equivalent circuit shown in Fig. 2 we 
can derive the equations:  
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For bus m: 
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For series inverter:  

( ) ( )[ ]
( ) ( )[ ]mcRmmmcRmmmcR

kcRkmkcRkmkcRmmcRcR

BGVV
BGVVGVP

θ−δ+θ−δ+
+θ−δ+θ−δ+=

sincos
sincos2

 (5) 

( ) ( )[ ]
( ) ( )[ ]mcRmmmcRmmmcR

kcRkmkcRkmkcRmmcRcR

BGVV
BGVVBVQ

θ−θ−θ−θ+
+θ−θ−θ−θ+−=

cossin
cossin2

 (6) 

For shunt inverter:  

( ) ( )[ ]kvRvRkvRvRkvRvRvRvR BGVVGVP θδθδ −+−+−= sincos2  (7) 

( ) ( )[ ]kvRvRkvRvRkvRvRvRvR BGVVBVQ θδθδ −−−+= cossin2  (8) 

where: 

P, Q denote active and reactive power respectively, 
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Neglecting UPFC losses, we can state that UPFC cannot 
absorb and injects real power, i.e. the active power supplied 
to the shunt converter, PvR, equals the active power deman-
ded by the series converter, PcR: 

0=+= cRvRbb PPP . (9) 

The earlier-presented model of UPFC was implemented in 
a computer program for calculation of power flows. 
The algorithm for power flows uses the Newton-Raphson 
method [5]. Using the mentioned program we can investiga-
te such functions of the UPFC device as setting: (i) a power 
flow in the transmission line where UPFC is installed, (ii) a 
voltage magnitude at the selected bus of a power network, 
(iii) difference between phase angles of the voltages at the 
ending bus of the transmission line with UPFC, (iv) a level of 
compensation of the reactance of the mentioned transmis-
sion line. The described results of the utilization of the 
UPFC device are achieved by appropriate change of the 
magnitudes and the angles of the source voltages of the 
UPFC series and shunt sources. 

DESCRIPTION OF THE CARRIED  
OUT INVESTIGATIONS 

Assumptions 

It was assumed that: 

1. In the investigations, the 5-bus test system [5] (Fig. 3) is 
utilized. The parameters of the test system with UPFC 
are as it is presented in Table 1 and Table 2. In the test 
system, Bus 1 is a slack bus, and Bus 2 is a PV bus.  

2. In the investigations, two cases are considered: (i) in 
the test system there is no a UPFC device, (ii) in the 
test system there is a UPFC device. 

3. The UPFC device is modelled as it is presented in the 
previous section. 

4. If in the test system there is UPFC, it regulates the 
voltage at Bus 3 with a target voltage equal to 1.0 p.u. 
and also it changes an equivalent reactance (compen-
sates the transmission line) between Bus 3 and Bus 4 
(Fig. 4). 

5. The P-V and V-Q analyses are carried out for Bus 4 in 
the test system.  

6. The reactive load at Bus 4 when the P-V analysis is 
carried out and the active load at Bus 4, when the V-Q 
analysis is carried out, are the same as in the reference 
point of operation of the test system, i.e.:  
- the reactive load at Bus 4 is equal to 0.05 p.u.,  
- the active load at Bus 4 is equal to 0.4 p.u. 

7. In the investigations, when in the test system there is 
the UPFC device, the parameters Xcr, Xvr (Zcr = j Xcr, 
Zvr = j Xvr ) of the UPFC device are changed and con-
straints for the magnitudes of the source voltages of the 
UPFC series and shunt source are considered. 

 
Fig.3 The 5-bus test system 
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Fig.4 The 5-bus test system with UPFC 
 

Line 
No. Node 1 Node 2 

R  
p.u. 

X 
p.u. 

G 
p.u. 

B 
p.u. 

1 1 2 0.02 0.06 0 0.06 
2 1 3 0.08 0.24 0 0.05 
3 2 3 0.06 0.18 0 0.04 
4 2 4 0.06 0.18 0 0.04 
5 2 5 0.04 0.12 0 0.03 
6 6 4 0.01 0.03 0 0.02 
7 4 5 0.08 0.24 0 0.05 

Tab.1 Parameters of the lines of the test system  
with UPFC 

 

Node Type PG 
p.u. 

QG 
p.u. 

PL 
p.u. 

QL 
p.u. 

1 1 - - - - 
2 2 0,4 - 0,20 0,10 
3 3 - - 0,45 0,15 
4 3 - - 0,40 0,05 
5 3 - - 0,60 0,10 
6 3 - - - - 

Tab.2 Generations and loads for different nodes  
of the test system with UPFC for the reference 
operation point  

P-V and V-Q curves 

Results of investigations of the P-V and V-Q curves for the 
case when there is no UPFC in the test system (the dashed 
line) and for the case when there is UPFC in the test system 
(the solid line) are presented in the figures: Fig. 5 – Fig. 11.  

In Fig. 5 – Fig. 11, there are results of the investigations for 
the following cases: Fig. 5 – Fig. 7 - Xcr = Xvr = 0.1 p.u., 
Fig. 8 – Fig. 9 - Xcr = Xvr = 0.05 p.u., Fig. 10 – Fig. 11 - 
Xcr = Xvr = 0.01 p.u. The constraints for the magnitude of the 
source voltage of the UPFC shunt source is in the range: 
[0.9, 1.1] p.u. – Fig. 6, Fig. 8, Fig. 10 or [0.5, 1.5] p.u. – 
Fig. 7, Fig. 9, Fig. 11. The magnitude of the source voltage 
of the UPFC series source is constrained by the value of 
0.2 p.u. 

The calculations show the visible dependence of the nose 
curves P-V and V-Q on parameters Xcr,  Xvr  and constraints 
which are considered in the investigations, i.e. on constra-
ints for the UPFC series and shunt source voltage. 

When there are no constraints for the magnitudes of the 
source voltages of the UPFC series and shunt source, we 
have the nose curves which are the continuous  ones and 
these curves  are determined for the whole considered ran-

ge of the voltage magnitude at Bus 4. When there are any 
constraints for magnitudes of the source voltages of the 
sources in the UPFC model, both the P-V and V-Q nose 
curves can not be determined for the whole range of the 
voltage magnitude at Bus 4. The voltage magnitude at 
Bus 4 can not have certain values. It is easy to observe that 
the range of such values of the voltage magnitude at the 
Bus 4 changes as the constraints on the voltage magnitude 
for the UPFC shunt source change. 

Fig. 5 shows that if there are no constraints for UPFC, then 
the magnitude of the voltage at Bus 4 decreases slower 
than in the case of lack of UPFC when active power increa-
ses and reactive power is equal to 0.05 p.u. The slower 
changes of the voltage at Bus 4 is a consequence of the 
existence of UPFC. When active power is equal to 0.4 p.u. 
and reactive power changes the voltage magnitude at Bus 4 
changes faster than in the case of lack of UPFC. The rea-
son are relatively-high values of Xcr and Xvr comparing with 
a reactance of the line between Bus 6 and Bus 4. In this 
situation, the influence of UPFC on the V-Q nose curve is 
reduced.  

In Fig. 6, there are the P-V and V-Q nose curves for the test 
system with the UPFC device for a case when there are no 
constraints and for a case when there are such constraints 
for UPFC. In the second case, for certain values of power, 
the voltage magnitude at Bus 4 changes faster with changes 
of active power (the P-V curve) or with changes of reactive 
power (the V-Q curve) than in the first case. When there are 
constraints for UPFC the features of the test system are 
worse from the view-point of stability. 

Analyzing results of investigations presented in Fig. 7 – 11, 
one can ascertain that for lower values of Xcr and Xvr chan-
ges of the voltage magnitude at Bus 4 considered as fun-
ction of active power (the P-V curve) are smaller. The same 
situation is, when we take into account the V-Q curves. 
Additionally, in the case of the V-Q curves we can observe 
that beginning from certain values of Xcr and Xvr, changes of 
the voltage magnitude at Bus 4 are smaller than in the case 
of the system without UPFC. The presented observations 
point out that utilization of UPFC improves features of the 
power system. 

Conclusion   

The UPFC device is one of the FACTS devices. These 
devices are utilized for control of power systems. The effect 
of utilization of UPFC can be different in dependence of 
parameters of this device. The investigations show that 
changes of values of such parameters of equivalent circuit 
of UPFC as Xcr and Xvr have essential influence on features 
of a power system. When the values of Xcr and Xvr are smal-
ler, the features of a power system are better. The voltage 
magnitude at a distinguished node changes less in depen-
dence of changes of active or reactive load. Generally, we 
can state that decreasing the values of Xcr and Xvr improves 
stability features of a power system. The other conclusion is 
that to achieve suitably high influence of UPFC on features 
of a power system the relation among the values of 
Xcr and Xvr and parameters of the power line, where UPFC 
is installed, should be properly chosen.  

The carried out investigations show, that there is visible 
dependence between the curves P-V and V-Q and the con-
straints on source voltages of sources occurring in the mo-
del of the UPFC device. These constraints can essentially 
modify the curves P-V and V-Q, comparing to those situa-
tion when there are no such constraints.  
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Fig.5 The nose curves a) P-V, b) V-Q for Bus 4  

in the test system.  
—— the test system with UPFC, Xcr = Xvr = 0.1 p.u., 
there are no constraints for the UPFC shunt sour-
ce; ······· the test system without UPFC 

 
Fig.6 The nose curves a) P-V, b) V-Q for Bus 4   

in the test system when when Xcr = Xvr = 0.1 p.u.  
——   the test system with UPFC when the voltage 
magnitude of the UPFC shunt source is in the ran-
ge [0.9, 1.1] p.u.; ······· the test system with UPFC 
when there are no constraints for UPFC 

 
Fig.7 The nose curves a) P-V, b) V-Q for Bus 4   

in the test system. 
—— the test system with UPFC, Xcr = Xvr = 0.1 p.u. 
and the voltage magnitude of the UPFC shunt so-
urce is in the range [0.5, 1.5] p.u.; ······· the test sys-
tem without UPFC 

 
Fig.8 The nose curves a) P-V, b) V-Q for Bus 4  

in the test system. 
——   the test system with UPFC, when 
Xcr = Xvr = 0.05 p.u. the voltage magnitude of the 
UPFC shunt source is in the range [0.9 1.1] p.u.; 
······· the test system without UPFC 

 
Fig.9 The nose curves a) P-V, b) V-Q for Bus 4  

in the test system.  
——   the test system with UPFC, when 
Xcr = Xvr = 0.05 p.u., the voltage magnitude of the 
UPFC shunt source is in the range [0.5 1.5] p.u.; 
·······  the test system without UPFC 

 
Fig.10 The nose curves a) P-V, b) V-Q for Bus 4  

in the test system. 
——   the test system with UPFC, when 
Xcr = Xvr = 0.01 p.u. the voltage magnitude of the 
UPFC shunt source is in the range [0.9 1.1] p.u.; 
·······  the test system without UPFC 

 
Fig.11 The nose curves a) P-V, b) V-Q for Bus 4  

in the test system, 
——   the test system with UPFC, when 
Xcr = Xvr = 0.01 p.u. the voltage magnitude of the 
UPFC shunt source is in the range [0.5 1.5] p.u.; 
······· the test system without UPFC  
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