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Flexible Alternating Current Transmission System (FACTS) provide better prospects to control the power systems effectively, as 

well as they improve power transfer capabilities. These devices also address few of the challenges, which are faced by the grid. 

Furthermore, with the advancements of distribution systems along with the distribution generation, storing devices and rising 

electrical loads add to the difficulties. This is effectively addressed by FACTS controllers, which are based on power electronic 

components. The high capital investment of the controllers is the major drawback for using these controllers in power system. 

Therefore, new FACTS controller is introduced which is cost effective and provides similar characteristics to that of the 

Unified*Power Flow Controller (UPFC). This newly introduced device comprises of converters along with passive components 

and is called Hybrid Power Flow Controller (HPFC). In this paper, the performance of HPFC under normal and fault conditions is 

presented. In the MATLAB environment, the simulation results are generated. 
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1.INTRODUCTION 

Flexible Alternating Current Transmission System 

(FACTS) provide better prospects to control the power 

systems effectively, as well as they enrich power 

transfer capabilities [1]. The electric power is conveyed 

to its customers by high voltage transmission lines and 

medium or low voltage distribution networks, all of 

which are subjected to various challenges. With the 

growing usage of renewable energy sources and 

increased demand patterns with the population, it is 

difficult to predict the power flow patterns. Another 

important aspect to be considered is the old 

transmission networks which are not designed to 

accommodate theses kind of power flows and hence this 

will push the grid to the capability limits. 

Thus, power electronics-based components, known as 

Flexible Alternating Current Transmission System 

(FACTS) are proposed to address this. Various FACTS 

controllers namely static*VAR compensator (SVC), 

thyristor-controlled*series capacitor (TCSC), 

thyristor-controlled*voltage regulator (TCVR), 

thyristor-controlled phase shifting transformer 

(TCPST), static synchronous series compensator (SSSC), 

unified power flow controller (UPFC) and static 

synchronous compensator (STATCOM) are proposed 

[2]. Among all these controllers, UPFC controls 

parameters such as bus voltage magnitudes and 
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transmission line’s active and reactive power 

independently. Thus, it is the most versatile controller 

[3]. The usage of UPFC to solve congestion has been 

demonstrated [4]. Even though the FACTS devices have 

the capability of controlling voltage magnitudes and 

flows, their initial capital investment becomes major 

obstacle for their wide use in power systems. 

Therefore, new FACTS controller that is cost effective is 

proposed which provides the characteristics similar to 

that of UPFC, and is called as Hybrid Power Flow 

Controller (HPFC) [5]. HPFC comprises of converters 

and passive components. HPFC uses half the size of 

converters and passive components to supply the 

required quantity of reactive power [5]. HPFC increases 

the maximum load ability and thus the power transfer 

capacity of the system. HPFC is modelled using an 

Electromagnetic Transients Program [6]. The 

performance of HPFC is compared with that of UPFC 

[7]. In the current paper, various modes of HPFC under 

normal and fault conditions are studied. 

2.Various Control Modes of HPFC 

The possible control modes of HPFC are shown in Fig 1, 

each of which is explained next in detail. 

 

Figure.1. Various Control Modes of HPFC. 

(a)PVV Mode (b) PQQ Mode (c) V Mode (d) Z Mode 

PVV MODE: 

This is the default control mode. In PVV mode, the 

device will control the active power flow and the 

terminal voltages at a certain level. This is possible as 

long as the HPFC stays within the capability limits. If 

there is any limit violation, which cannot be relieved 

even after changing BM, then HPFC switches to PQQ 

mode. After switching to PQQ mode, limit violations 

are solved. If there is non-convergent power flow, then 

the device will switch to V mode. 

 
Figure.2. Control Strategy in PVV Mode. 

PQQ MODE: 

This mode makes an effort to keep the currents and 

voltages relieved from the limits at the same time. This 

depends upon the sensitivity of the power injections of 

the device with reference to the magnitudes of device 

internal voltage and current. BM in this mode is a 

discrete parameter. From the figure, it is seen that in 

order to bring the device within the capability limits, 

voltages and currents will be modified, which is done 

using sensitivity analysis. A proper value of BM is 

chosen. The sensitivity matrix G and limit violation 

magnitude are used to calculate the new values of P, Q1 

and Q2. Power flow is run using the new values of P, Q1 

and Q2. If the power flow solution converges then the 

results are again validated for limit violation. Else, the 

power flow is repeated by halving the incremental step. 

This process is repeated several times until the 

convergence is reached. Similarly, the limit violations 

are checked for few more iterations. In either of the 

above, if the maximum number of iterations without 

resolving the limit violation or without power flow 

convergence, the device will switch to V mode, where 

power regulation is relaxed. If not, the final results will 

be displayed. 
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Figure.3. Control Strategy in PQQ Mode. 

 

V MODE: 

Here, series voltage sources are bypassed and the 

terminal voltages are made equal to VM in this mode. 

Here BM is used to regulate the terminal voltage 

magnitudes. There is no control of active power flow in 

this mode by the device. It is assumed that the device 

terminals along with the shunt bus are considered as 

one bus with the voltage magnitude being regulated. 

The power flow is run with the above assumption. 

In case, the power flow does not converge, the device 

will switch to Z mode. On the other hand, the highest of 

input and output currents are compared with the 

inverter current limits. If they are within the prescribed 

limits, the device will switch to PQQ mode, or else the 

required value of BM is found out depending on the 

injection of reactive power at shunt bus. If new value of 

BM exceeds the maximum limit of the shunt device, BM is 

kept constant at BMmax and the device will switch to Z 

mode. If not, the device will remain in V mode and the 

results will be displayed as final. The voltage set point 

values will vary corresponding to the values of BM in 

this mode. 

 
Figure.4. Control Strategy in V Mode. 

 

Z MODE: 

Here, HPFC is relieved of maximum constraints and 

thus the device is in its minimum capability. The 

maximum value of BM is considered and V1=V2=VM. 

Accordingly, in the power flow analysis, the device thus 

acts as passive fixed shunt susceptance. 

 
Figure.5. Control Strategy in Z Mode. 

3.RESULTS 

The modified Kundur’s two-area test system is used for 

analysis [8]. Here bus 9 is assumed as sink and bus 2 as 

source respectively and then the loadability studies are 

performed. The power transfer between the nodes 9 and 

2 is increased until the power flow cannot be resolved 

with the gradual increase of load in steps of 0.1 p.u. the 

device parameters are: 
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 │ISmax│=│IR max│=2 p.u. 

 │VXmax│=│VYmax│=0.04 p.u. (9.2 kV) 

 BM can vary between 0 and 0.8 p.u. in equal steps of 

0.2 p.u. 

 Active power*share of lower corridor when 

compared to the total tie*line flow: 25% 

 Voltage magnitude at*the terminals: 0.9557 p.u. 

 

Figure.6. Various Control modes of HPFC and BM with 

increase in loading level. 

Fig 6 depicts the various control modes of HPFC and BM 

with the increase in the load. It is seen that the device 

will start in the default PVV mode and it jumps to the 

various modes depending on the requirements of the 

system with the increase of load. The device finally 

reaches the Z mode when it has exhausted its capability 

limits. 

 

Figure.7. Various Control modes of HPFC during SLG 

fault at bus 9. 

 

Figure.8. Various Control modes of HPFC during SLG 

fault at bus 7. 

It is seen from the above graphs that the HPFC toggles 

between different modes according to the requirements 

of the system. It is also observed that HPFC settles in the 

Z mode for last incremented values of the load 

indicating that the HPFC has exhausted its capability 

completely. 

4.CONCLUSION 

To increase the power transfer capacity in the 

transmission line, the FACTS devices are widely used in 

power system. In this project, modified Kundur two 

area test system is used for analysis. This study includes 

HPFC to get the various possible control modes of 

HPFC without and with SLG fault conditions. 

The simulation study demonstrates: 

 (i) Various possible control modes of HPFC. 

(ii) Various possible control modes of HPFC during SLG 

fault conditions. 
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