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This paper presents the unified power flow controller (UPFC) in 500 

kV / 100 MVA transmission line which is a converter of voltage 

sources depend on supple AC systems for series and shunt 

improvement between multi substation transmission. Full model 

comprises the 48 pulses gate thyristors which is constructed to 

become digitalized forms of simulations system to investigate the 

dynamics operations of control design. Two series and shunt voltage 

source controller for reactive and active power improvements with 

voltage stabilizing in electric grids networks. The comprehensive 

digital simulations of voltage source operation in shunt condition is 

statically synchronizes the compensator of STATCOM controller of 

the voltage at the buses and series operation as static series 

capacitors SSSC control inject voltages. Kept injected voltages in 

quadrature and current inside power systems is achieved in 

MATLAB/SIMULINK block sets by means of power systems 

blocks. The structure of UPFC controller and electric grids networks 

has been modeled through specific block from power systems. The 

controlling of shunt with 2-series voltage sources remain in this work 

depend on the decouple currents controller scenarios. The model 

scheme behavioral connects to 500 kV grid to examine and evaluated 

the suggested techniques. The results of simulation provide 

important increasing in power flow speed compared with other 

approaches which reveal the UPFC devices has excellent capability 

to enhance the reactive and real power flows.                  
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1. INTRODUCTION  

 

        The power system is more complicated arrangements that comprise many loads, generator, switch, 

transmission line, transformers, and compensators [1-10]. These systems is non stationary and linear and in real-

world is disposed to numerous fault and disturbances [11-15]. The power demand is increasing and some 

transmission line is more loaded than plan in when they were built [16]. In same times, new generator unit 

constructed and the circuits of transmission become more difficult due to economic reason and progress 

environments concern [17]. To make new power systems and efficient economic, the alternative compelling optimal 

power transmission and distribution entails the transfer loss reduction and provision power qualities with end 

receiving availability [18-20]. To load centers and pool power plant, the interconnected transmission purpose is to 

minimize the capacity of total power generation and fuel cost to meet the demand of the loads [21-25]. Generally, 

when the power delivery systems were making up the radial line from individual local generation without being grid 

systems, extra source generation could require to serve the loads in same time kept the reliability and electricity cost 

to be higher [26]. The grid system in this point is alternatives to new source generation. The power systems become 
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increased more complex with the power transfer growth to operate and become less secure systems [27-30]. This 

will lead to large power flow with insufficient controlling and extreme reactive power in many parts of the system 

and great dynamic swipe among different sections of the system [31-35]. Hence, the full possible of interconnected 

transmission could not be utilize and limiting importantly reduction the degree to which grids operation could 

manage the generation field of relation [36-40]. Thus, the importance is to improve the system performances via 

improvement in capability of transmission alone [41]. The power system reinforcing could ne done by increase the 

level of voltage or add another line. Hence, this solution required consideration investments which is difficult to 

recovered [42-48]. The UPFC is the most promising devices between other controlling device family. This device 

has capability to regulate the controlling the parameter include buses voltages, phase angle between buses, and 

transmission line reactance indecently or simultaneously. This controller performs the control of quadrature and in 

phase voltages and shunt compensators. Figure 1 shows the UPFC controller which was firstly contains of series and 

shunt transformer.                           

 

 

 
Figure 1: UPFC Basic Configuration Arrangement 

 

2. MATERIALS AND METHODS  

 

The UPFC model has been designed and running in MATLAB under 48 pulses and GTO base united power 

movement control with 500 kV and 100 MVA. The UPFC is use to switch the flows of power in 500 kV 

transmissions systems which is located at the end of 75 km. Among 500 kV bus B2 and B1, the UPFC is use to 

monitoring the reactive and active power flows via bus B2 whilst voltage controlling at the B1 bus. This system 

contains three levels. two 100 MVA, 48 pulses GTO converter, one connection in shunts buses B1 and other one 

connection in sequence among B2 and B1. The series and shunts converters could be changed the power via DC 

buses and the series converter could be injected as extreme of 10% of nominals lines to grounds voltages 28.87 kV 

in serially within line L2. In three mode of operation, this pair of converters could be operating as UPCF mode, 

static synchronous compensators, and statics synchronous capacitors. The UPFC mode is used when the series and 

shunt converter is interconnecting via DC buses and in case of disconnected switch between DC bus of series and 

shunt converters are opened for further mode available. The compensators are used as shunt converter operation to 

control the voltage at bus B1. The capacitors convertor is used in case of series conversion that operates to control 

the injected voltages whilst keep injected voltages in quadrature with the currents. The reference power value, 

reference voltage value, and mode of operation could be change under UPFC GUI blocks. Hence, in case of 2-

converter is operating in UPFC model, the converters of shunt are operating at STATCOM conditions. It used to 

control the voltage of B1 bus by control the generated reactive power or absorbed, while allow active power transfer 

to series converters via DC buses. The four 3-level shunt converter operates at constant conduction angles as 180 

and 172 degrees. Therefore, generate the quasi sinusoidal 48 steps voltages waveforms. At 49
th

 and 47
th

, the first 

harmonics are happened. In case of UPFC mode was operated, the serially inject voltage magnitude is vary through 

varies the conductions angles. Hence, high harmonic content is generated than the shunt converters. In addition, 

when the series converters operate at SSSC mode, the true 48 pulse waveforms were generated. In case of zero 
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voltage is generating by series converter, the natural power flow via B2 bus is equal to 870 MW and in the mode of 

UPFC the phase angle and magnitude of series injected voltages could be vary to allow for power control. By 

keeping the injection voltages to maximum values, the UPFC controllable area is obtained with varied phase angle 

from 0-360 degree. Figure 2 shows the UPFC model that design and running in MATLAB under 48 pulses and GTO 

base combined power flows control with 500 kV and 100 MVA 

 

 
 

Figure 2: UPFC mode in MATLAB with 500 kV and 100 MVA 

 

2.1 Simulation of UPFC Mode 

 

The operation mode of SSSC, STATCOM, UPFC, reference power, reference voltage, and Q reference has been 

designed and running via GUI interface that allow to select any of these modes. To observe the dynamic responses 

of control systems, one could specify the steps changes to any references values at specific time by using GUI. 

Hence, the operation mode is set to UPFC and reactive/active reference of power are specified in the last two line. 

Initially, reference power is set to + 8.7 MW and Qref.  sets to – 0.6 and PU= 100MW. Formerly, at t= 0.25 second 

and the reference power is changed to +10 (1000 MW). At t=0.5 second, the Q ref. is change to 0.7 and the 

reference voltage of shunt converters will be kept constant at V=1 during all simulation. In case of UPFC is set to 

powers controller modes, the change in STATCOM references sensitive power in SSSC inject voltages are unused. 

Then, the DC voltage bus vary in 19 kV ranges and after zooming the primary traces of SSSC scopes, one could 

detect the inject voltages waveform among B2 and B1. 
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Figure 3: Controller Model of UPFC mode 

 

 

2.2 Simulation of STATCOM Modes 

      

 The operation mode is changed to the STATCOM and ensure that the reference values are set to 0.3, 0.5, -0.8, and 

+0.8. The model is operated in this mode as variable sources of reactive power. First of all, the Q is sets to zeros and 

formerly at t= 0.3 second, the Q is increase to +0.8 and observed reactive powers at t=0.5 second and the Q is 

reverse to – 0.8. After the model was running, the dynamic response has been observed with the trace zooming 

around t = 0.5 second in case of Q is changed from +0.8 to -0.8. The current flow into STATCOM mode when the Q 

equal to +0.8 is lagging voltages which is indicates that the model is absorbing reactives powers. In addition, when 

the Q is change from +0.8 to – 0.8, the phase of current is shifted with respect to the change of voltage from 90 

degree lagging to 90 degree which lead with one cycle. Through varying the secondary voltage produced by shunt 

converter, the reactive power controlling could be obtained while keep it in phase with the B1 voltages. These 

changes of Vs magnitude are performing through controlling the DC buses voltages. In case of Q changed by +0.8 

to -0.8, the traces voltage increased by 17.5 to 21 kV. 

  

2.3 Simulation of SSSC modes 

 

The operation mode is changed to the SSSC to simulate this mode of voltage injections with ensure that this mode 

reference value is set to 0.0, 0.08, and 0.3 and the initial voltages are set to zero and the at t=0.3 seconds will ramp 

to 0.8. conflicting to the UPFC mode, the series inverter at SSCC mode operate with constant conducting angle at 

172.5 degree. The injection voltage magnitude is control through varying the DC voltage that proportion to injection 

voltages in third traces. This will observe the injection voltage waveforms in first trace and the current flow during 

the SSCC in second traces. The current and voltages stay in quadrature hence the SSCC in second traces. Therefore, 

the SSCC operation as variable capacitors and inductances as shown in Figure 4.  
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Figure 4: SSCC model 

 

The shunt converter of 500 kV and 100 VA in this model is illustrated in Figure 5. In addition, the series converter 

of 10% injection voltage of 100 MVA is illustrated in Figure 6 and the SSSC controller and measurement system 

with firing pulsed generator are highlight in Figure 7 and Figure 8 respectively.  

 
Figure 5: shunt Converter 500 kV, 100MVA, 48 pulses voltage converter  
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Figure 6: Series Converter 10% injection,100MVA, 48 pulse switches converters 

 
 

 
Figure 7: firing pulsed generator 
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Figure 8: SSSC controller and measurement system 

 

 

3. RESULTS AND DISCUSSION  

 

The reactive and real power control base on UPFC is implemented in MATLAB which describe the couple 

and windows on 500 kV grid systems. The effectiveness and visibility of new approaches have been established 

with 100 MVA based converter. In shunt bus B1 is connect as first one and the other is connect in series among 

buses B2 and B1. The series and shunt converter could be injecting the optimal of 10% in normal lines to grounds 

voltages 28.8 kV in serially with L2 which is tested the efficiency of new model. To controlling the powers flows in 

500 kV transmissions systems, the UPFC devices is used that locate at the end of 75 km in line 2 among 500 kV bus 

B2 and B1. This device is use to controls the reactive and real powers flows on the transmission line with the 

reference values. In addition, the references voltages of shunts converters is reserved continuous at 1.02 pu through 

all simulation that stopped at 0.8 seconds. The UPFC impact is installed at send the end of transmission lines. An 

increasing of power flow has provided in this simulation via monitor line by use UPFC controller techniques. The 

resulting change in active power flow on two and three transmission line that interconnect in this model as 

illustrated in Figure 9.             
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Figure 9:   the responses of active power in two transmission line after UPFC 

 

The active power flows in line one increase to 1000 MW after the activation of UPFC while this power reduced in 

line two from 980 to 920 MW. This increasing in real power tend to decrease the congestion on the lines and make it 

more flexibles as illustrated in above figure. Hence, one could observe the result change in active power flows on 

line 2 that interconnect in the suggested model.  

 

 

4. CONCLUSION  

 

This paper introduces the UPFC controller on 500 kV transmission systems to provide the possibilities of 

install and run this model in different conditions. To control the reactive and active power flow, the UPFC 

applications could be investigated and examined by using MATLAB/SIMULINK environments in this work. The 

interconnect lines between two power system (B1 and B2) has been simulated to control the performance of UPFC 

intend for installations on the transmission lines. The obtained results demonstration the efficiency of UPFC 

controller in reactive and active power flows during the transmission line which indicate the possible responses of 

controlling process is debauched than the current model. practically, prompt and therefore the UPFC is operative in 

treatment dynamics responses in the systems.       
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