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ABSTRACT: In modern era, the electrical power demand is high and it is still growing therefore it is necessary to 

utilize the transmission lines up to its maximum loadable limit. The transient stability limits the maximum loading of 

the power system and it causes the system to become unstable below its steady state stability limit. In this paper, the 

improvement of transient stability of a taken study system using matrix converter based UPFC is analyzed. Here the 

matrix converter is controlled using space vector modulation technique. The study system is simulated using MATLAB 

- Simulink under three phase fault condition with and without matrix converter and the result obtained at both the case 

are compared. 
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I. INTRODUCTION 
 

 

The construction of new generating stations and transmission systems are delayed due to the right of way, economic 

and other problems. Therefore it is necessary to modify the traditional methods used to control the power systems and 

this will lead to improved reliability, flexibility and control. One of the most important inventions in transmission side 

is FACTS devices which allow us to utilize the transmission lines near its maximum operating limits. Out of all FACTS 

devices a valuable device is Unified Power Flow Controller. The main drawback of the conventional UPFC is the size 

of the DC link capacitor which makes it bulky and its performance will deteriorate due to ageing. This problem can be 

overcome by the use of matrix converter based UPFC. This configuration of UPFC is used to improve the transient 

stability of the study system under three phase fault. It is done by controlling the power flow in the transmission line. 

. 

II.CONVENTIONAL UPFC 

 

 
 

Fig.1. Schematic diagram of UPFC 
 

It is a combination of SSSC and STATCOM. It consists of series and shunt connected voltage source inverters 

connected via a DC link. The shunt connected converter is used for maintaining the DC link voltage where as the series 

connected inverter is used for injecting the real and reactive power into the line. The cost, size, performance reduction 

due to ageing is the major disadvantages of the DC link capacitor employed. 
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III. MATRIX CONVERTER BASEDUPFC 
 

 

It contains nine bidirectional switches which replace the shunt, series converters and the DC link capacitor in the 

conventional UPFC. There are 512 switching combinations available and out of that only 27 switching combinations 

are permitted. The permitted combinations is based on the following rules ,the input phases will not be short circuited 

and the output will not be open circuited at any instant of operation. Only three switches are conducting at a time and 

the switching loses are also minimized in comparison with conventional UPFC. Each output waveform is obtained by 

sequential sampling of input waveform. 

 
  Fig.2. Schematic diagram of Matrix converter 

 

Due to the absence of energy storage elements in matrix converter, the output voltage is obtained from input voltages. 

The required output waveform is got by sampling the input waveform sequentially. Since no energy storage 

components are present between the input and output sides of the matrix converter, the output voltages have to be 

generated directly from the input voltages. Each output voltage waveform is synthesized by sequential piecewise 

sampling of the input voltage waveforms.  
Table 1 Matrix Converter Switching Vector 
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The input voltage equations for Matrix converter is given below. 
 �௔ = �௠ cos �௔௩ = �௠ cosሺ߱�ሻ                                      (1) �௕ = �௠ cos �௕௩ = �௠ cosሺ߱� − ሺଶ�ଷ ሻሻ                                                 (2) �௖ = �௠ cos �௖௩ = �௠ cosሺ߱� + ሺଶ�ଷ ሻሻ                                         (3) 

The line side current in the shunt converter is given as, �௔ = �௠ cos �௔௩ = �௠ cosሺ߱� − ߰�௡ሻ                         (4) �௕ = �௠ cos �௕௩ = �௠ cosሺ߱� − ሺଶ�ଷ ሻ − ߰�௡ሻ                                    (5) �௖ = �௠ cos �௖௩ = �௠ cosሺ߱� + ሺଶ�ଷ ሻ − ߰�௡ሻ                                     (6) 

The output voltage injected to the line is given as, �௨ = �௢ cos �௢௨ = �௢ cosሺ߱� + �௢ + ߰௢௨௧ሻ                              (8) �௩ = �௢ cos �௢௩ = �௢ cosሺ�௢௨ − ሺଶ�ଷ ሻሻ                                                (9) �௪ = �௢ cos �௢௪ = �௢ cosሺ�௢௨ + ሺଶ�ଷ ሻሻ                                            (10) 

 

IV. MODULATION TECHNIQUE 
 

The high voltage gain and reduced distortion of SVM over PWM technique increased its application. This technique is 

applied simultaneously to input current and output voltage vectors. The matrix converter has entire control of output 

voltage and displacement angle of input current in the presence of disturbances. The output voltage is given by �௢ = ଶଷ [�௔௕ + �௕௖ expሺ−�ͳʹͲ°ሻ + �௖௔ expሺ�ͳʹͲ°ሻ]                          (10) 
 

The switching topologies in Group II and Group III are only used in SVM. Group II has stationary or active vectors 

which are having constant angular positions. Group III has zero vectors and it is used with stationary vectors of group 

II to obtain output voltage.During every sampling period Ts, the algorithm chooses four stationary vectors and zero 

vectors to construct the reference voltage for required output voltage and input current. The reference voltage amplitude 

and phase angle are computed and then required phase angle of input current is calculated. Using SVM the equations 

required for calculating on time of vectors are given below.The equations used for calculating on time of the four 

stationary vectors in SVM are  �ଵ = ଶ���√ଷ cos �� sinሺ6Ͳ° − �௢ሻ sinሺ6Ͳ° − ��ሻ                                       (11) �ଶ = ଶ���√ଷ cos �� sinሺ6Ͳ° − �௢ሻ sinሺ��ሻ                                       (12) �ଷ = ଶ���√ଷ cos �� sinሺ�௢ሻ sinሺ6Ͳ° − ��ሻ                                       (13) �ସ = ଶ���√ଷ cos �� sinሺ�௢ሻ sinሺ��ሻ                                       (14) 

The equation for calculating the two zero vector time is given as �௢ = �௦ − ∑ ��ସ�=ଵ                          (15) 
 

V. CONTROL TECHNIQUE 

 
 

During the three phase fault condition the generator decelerates, in that instant the real power output of the generator 

gets reduced and the reactive power output increases .Here the UPFC supplies real power and absorbs reactive power in 

the line so as to keep the load angle within limit otherwise the load angle is increased above its maximum allowable 

value of 90 degree and the synchronous generator loses its synchronism.  
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VI.SIMULATION RESULTS 

A. Simulation Diagram  
 

 

 
Fig.3 Simulation diagram with matrix converter based UPFC 

 

Here the accelerating power of the generator is used to make the study system stable under fault. Here the indirect 

control of matrix converter is employed. The matrix converter is considered as a virtual AC-DC-AC converter and the 

switching pulses are generated for the rectifier and inverter as in conventional UPFC and then the switching pulses are 

converted to gate pulses required for matrix converter. 
 

B.Waveforms 

 
Fig.4. Generator load angle 

 

 
Fig.5. Generator active power output 
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Fig.6. Generator reactive power output 

 

 
Fig.7. UPFC reactive power output 

 

 
Fig.8. UPFC active power output 

 

 
 

Fig.9. UPFC Output Voltage 
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Fig,10. UPFC Output Current 

 

C. Simulation data 
 

The simulation is done in MATLAB with the following parameters. 

 

Generator :187 MVA, 13.8 kV, H=3.7s 

 

Generator Transformer :200MVA, 13.8kV/230kV 

Transmission lines  :230 kV line, pi model of 50km and 180 

km 

 

Load  :300MW, 100MVAR 

UPFC Shunt transformer :150MVA, 230kV/27kV 

 

UPFC Series transformer :100MVA, 42kV/21 kV 
 

  

VII.CONCLUSION 
 

Transient stability of the test system is analyzed which consists of generator rated 187MVA/13.8kV connected to a 

generator transformer rated 200MVA, 13.8kV/230kV and connected to a load of 300MW, 1000MVAR through 

transmission line. A three phase fault is introduced in the test system at load side between 0.2 to 0.3 seconds. 
 

Case (a) without UPFC 
 

The generator load angle exceeds the maximum value of 90 degree within a cycle and the generator loses its 

synchronism as shown in the Fig.4.The active power output of the generator oscillates between   -3.5p.u and 3.5p.u 

whereas the reactive power output of the generator oscillates between -3p.u and 4.25p.u as shown in the Fig.5 and 

Fig.6. 
 

Case (b) with UPFC 
 

Here the generator load angle is maintained at 5 degrees as shown in the Fig.4.The active power output of the 

generator decreases to -0.4p.u initially during fault and it gradually increases with the support of the UPFC supplying 

active power of 1.8p.u at initial fault condition and the active power output of the UPFC which is gradually reduces 

which is shown in the Fig.5 and Fig.8 respectively. 

The reactive power output of the generator increases up to 1.6p.u peak at the same time UPFC supports the system by 

absorbing reactive power up to -1.8p.u peak which is shown in the Fig.6 and Fig.7 respectively. 
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Table 2 

Comparison with and without UPFC 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

The average operating time of a circuit breaker is 3 cycles and the fault clearing time is nearly 4 or 5 cycles which 

include both the relay operating time and the circuit breaker operating time and so the system without UPFC is 

definitely out of synchronism. It is clearly shown in the table 2 that the UPFC absorbs reactive power and supplies real 

power to support the system under fault condition and thus the transient stability of the system is ensured. 
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Parameters 

Fault 

condition 

without 

UPFC 

Fault condition  

with UPFC 

Load angle (degree) 

Normal condition 

20 degree 

-180
0
 to 180

0
 10

0
 to 5

0
 

Generator active 

power output (p.u) 

Normal condition 

0.7p.u 

-3.5p.u to 

3.5p.u 
-0.4p.u  peak 

Generator reactive 

power output (p.u) 

Normal condition 

0.23 p.u 
-3p.u  to 

4.25p.u 
1.6p.u  peak 

UPFC active power 

output (p.u) 

- 1.8p.u  peak and 

settles at 1p.u 

UPFC reactive 

power output (p.u) 

- -1.8p.u  and settles 

at -0.5p.u 
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