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Abstract — This paper deals with the simulation and analysis of Generalized Unified Power Flow Controller (GUPFC)
or multi-line Unified Power Flow Controller (UPFC) which is the novel concept for controlling the bus voltage and
power flows of more than one line or even a sub-network. In this paper GUPFC has been analyzed for both open loop
and close loop configuration. For this a Single Machine Infinite Bus (SMIB) system is simulated. Sine Pulse Width
Modulation (SPWM) control strategy has been used for open loop system configuration and PI controller is used for
close loop system configuration.. The simulation results have been compared for both uncompensated system and
GUPFC in open loop and close loop system. It gives the clear observation of performance improvement in power profile
of the power system in given network.
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. INTRODUCTION

In Modern complex power system, better power quality is necessary to fulfill the increased demand. Due to the advanced
technologies being used for improving power system security, reliability and profitability the power quality is need to be
improved. For this it is essential to improve the power profile of the transmission network. Since the reactive power is
very precious in keeping the voltage of power system stable the reactive power flow control in the network is essential to
achieve optimum performance of power system. Because of new transmission line networks and power stations, variety
of loads and transformers the problem of system operation as well as the voltage collapse occurs in power system when
system is faulted, heavily loaded and there is a sudden increase in the demand of reactive power. When voltage
fluctuations are there the system is unable to meet the reactive power demand and the loading of long transmission lines
increased which causes voltage instability & reactive power imbalance in power system.

So, there was a greater need of the alternative technology made of solid state devices with fast response characteristics
because of slow responses of traditional conventional devices which is not being able to achieve desired performance
effectively. With the invention of semiconductor device like thyristor switch the door for the development of power
electronics devices known as Flexible AC Transmission Systems (FACTS) controllers opened. FACTS device are power
electronic based semiconductor device which can inject or absorb reactive power in a system as per requirement and one
of the most important reactive power sources.

1. INTRODUCTION OF GENERALIZED UNIFIED POWER FLOW CONTROLLER (GUPFC)

An innovative approach of utilization of complex FACTS controllers providing a multifunctional power flow
management device was proposed in [1] and [2]. There are several possibilities of operating configurations by combining
two or more converter blocks with flexibility. Among them, there is a novel operating configuration, namely the
Generalized Unified Power Flow Controller (GUPFC) which is significantly extended to control power flows of multi-
lines or a sub-network rather than control power flow of single line by a Unified Power Flow Controller (UPFC) or Static
Synchronous Series Compensator (SSSC) [4].

A fundamental model of the GUPFC consisting of one shunt converter and two series converters which can be increase if
needed as shown in Figure 1.
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Figure 1. Generalized Unified Power Flow Controller (GUPFC)

The topology shown in the Figure consist one shunt connected VSC and two series connected VSC. Here also the shunt
converter STATCOM (Static Synchronous Compensator) is used to provide reactive power to the ac system and it will
provide the dc supply required for both series connected VSC. The series connected VSCs are SSSC (Series converter or
Static Synchronous Series Compensator) which are used to add controlled voltage magnitude and phase angle in series
with the both line. With injection of a voltage in series with its host lines the primary function of the GUPFC is power-
flow control in transmission network. The GUPFC controls the magnitude and phase angle of the injected voltages in
each line, resulting in four degrees of freedom. Hence, they have the capability to precisely control power flow in two
different transmission lines.

1. SIMULATION ANALYSIS FOR DIFFERENT SYSTEM MODEL
A UNCOMPENSATED SYSTEM MODEL

The simulated model of basic uncompensated double conductor transmission line is shown below in Single Machine
Infinite Bus (SMIB) system in Figure 2.
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Figure 2. Uncompensated System Model

@IJAERD-2015, All rights Reserved 49



International Journal of Advance Engineering and Research Development (IJAERD)
Volume 2,Issue 3, March 2015, e-ISSN: 2348 - 4470 , print-ISSN:2348-6406

—
Source_V J::’LR—MS||—>|| ] |

=

Source_| RMS |—>{| | |
 E—

Load_V RMS |—>|| | |
| Fo— |

Load | %l_’ll | I
. ]

H —
Q

Figure 3. Signal Measurement subsystem

Here 440 V, 50 Hz transmission line is shown where the source impedance Zs is (0.01 + j0.001) Q and the transmission
line impedances Zt for linel and line2 (0.1 +j1.57) Q are considered. The load rating is (20 + j6.28) Q considered. These
ratings are kept constant for all analysis.

Figure 3 shows the signal Measurement system in which the voltage & current measurement block is used to measure
source and load instantaneous voltage & current flowing in the transmission line. The active & reactive Power
measurement block is used to measure the real power and reactive power in the load which is shown in Figure 4. Scope
displays the signal generated during a simulation.

Figure 4. Active and Reactive Power

Here real and reactive power flow is obtained without any compensation. Here the active power (P) is 12.23 Kw and
reactive power (Q) is 6.78 Kvar for uncompensated system model. For both compensated system models, generated
waveforms are taken and calculations are done for the common parameters capacitor (C) 2000uF, sampling time 25e-3
sec. and load rating of (20 + j6.28) Q constant for open loop and close loop configuration respectively. Here device is
inserted at 0.1sec in the transmission system model.

B. GUPFC COMPENSATED SYSTEM MODEL

The simulated model of GUPFC with source voltage of 440V, 50Hz is shown below in Figure 5. Here mid-point
compensation is done at both lines.
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Figure 6. GUPFC Subsystem Model

Figure 6 shows the GUPFC device subsystem where three VSCs are shown. Here LC filters are used to reduce harmonics
from the system and breakers are used to insert device in transmission system.
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Figure 7. GUPFC Signal Measurement system 1
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Figure 8. GUPFC Signal Measurement system 2

Figure 7 and Figure 8 shows the signal measurement system which measures source and load voltage & current, all
transformers and capacitor voltage and current. Also the THD (Total Harmonic Distortion) block is used to measure the
THD level of the system. Here the GUPFC compensated system model analysis is done in both open loop and close loop

system.
C. Open loop GUPFC
In open loop system configuration for achieving the desired system performance SPWM (Sine Pulse Width Modulation)

control strategy is used. For this the sine waveform of 625 v (440 rms) , 50Hz is given to the discrete PWM block with
the sampling frequency of 2 KHz for generating the pulses continuously which feds as the gate signals for GUPFC as

shown in Figure 9.
Ref._Signal PWM_Pulses —G

Figure 9. SPWM pulse generator for open loop GUPFC
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Figure 10. Active and Reactive power for open loop GUPFC

Figure10 shows the active & reactive power of the system measured by the scope. Here the active power (P) is 18.72 Kw
and reactive power (Q) is 9.25 Kvar for open loop GUPFC system model.
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Figure 11. Voltage THD (FFT analysis) for open loop Figure 12. Current THD (FFT analysis) for open loop
GUPFC GUPFC

The FFT (fast fourier transform) analysis of this system shows 0.79% of voltage THD level and 0.47% of current THD
level as shown in Figurell and 12.

D. Close loop GUPFC

For close loop system PI controller as shown in Figure13 is used in a reference tracking mode for achieving the desired
system performance. Here for controlling the load voltage in a specific range the measured load voltage is given to the Pl
controller. Also the reference sine wave controlled by gain which is adaptive in nature is given for tracking purpose. The
PI controller generates PWM pulses for GUPFC according to the parameters of system voltage.
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PWM  Gate_Pulses
pulse

generator

» Ref._Voltage

Figure 13. PI PWM pulse generator for close loop GUPFC

Figure 14. Active and Reactive power for close loop GUPFC

Figure 14 shows the active & reactive power of the system measured by the scope. Here the active power (P) is 22.21 Kw
and reactive power (Q) is 11.26 Kvar for close loop GUPFC system model.
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Figure 15. Voltage THD (FFT analysis) for close loop Figure 16. Current THD (FFT analysis) for close loop
GUPFC GUPFC

The FFT (fast fourier transform) analysis of this system shows 0.38% of voltage THD level and 0.23% of current THD
level as shown in Figurel5 and 16.

V. RESULT ANALYSIS

Here for the uncompensated system model and both compensated system models the comparisons are done for the
common parameters as mentioned above. The results are tabulated below.

Table 1. Active and Reactive power of GUPFC

Open loop System | Close loop System

Active Reactive | Active | Reactive
F;‘esi—(rj power power power power
(P) Q) (P) Q)
Kw Kva Kw Kva
GUPFC 18.72 9.25 22.21 11.26

Here Table 1 shows the comparative values of active and reactive power for GUPFC in open loop and close loop system.

Figure 17 shows graphical comparison of Active power (P) Kw and Reactive power (Q) Kvar between uncompensated
transmission line and Generalized Unified Power Flow Controller (GUPFC).

Figure 18 contains the FFT analysis for device in both open loop and close loop which shows THD level of the system.
The Figure shows voltage THD and current THD level for both configuration of GUPFC.
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Figure 17. Comparison of Active and Reactive power Figure 18. Comparison of %THD levels

V. CONCLUSION

Form all results shown above it is clearly shown that after introducing GUPFC in the system it is improving the active
and reactive power of the network, hence improving the power profile of the system. It is also shown from the results for
both open loop and close loop system that the performance of Pl control strategy is improved from SPWM control
strategy and better performance achieved. The THD (Fast Fourier transform) analysis of the load in network for both
voltage and current also shows the improved performance analysis in case of close loop system.
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