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Abstract 

UPFC is the most far reaching multivariable adaptable air conditioning transmission framework (FACTS) controller. This paper 

proposes another genuine and receptive power coordination controller for a brought together power stream controller The essential 

control for the UPFC is such that the arrangement converter of the UPFC controls the transmission line genuine/responsive power 

stream and the shunt converter of the UPFC controls the UPFC transport voltage/shunt receptive power and the DC join capacitor 

voltage. To maintain a strategic distance from unsteadiness/loss of DC connection capacitor voltage amid transient conditions, 

another genuine power coordination controller has been composed. The requirement for receptive power coordination controller 

for UPFC emerges from the way that unnecessary transport voltage outings happen amid responsive power exchanges. Another 

receptive power coordination controller has been intended to restrict over the top voltage trips amid responsive power exchanges.. 

The arrangement converter of the UPFC gives synchronous control of genuine and responsive power stream in the transmission 

line the shunt converter has been demonstrated as a 4-module converter. The arrangement converter comprises of two arrangements 

of converters. One arrangement of converter is utilized for the genuine power stream control and the other arrangement of converter 

is utilized for the receptive power stream control. Another receptive power coordination controller between the arrangement and 

the shunt converter control framework has been intended to decrease UPFC transport voltage journeys amid responsive power 

exchanges. . The exchanging frequency for the converters has been nine times the key. Here we utilize Matlab/Simulink for the 

reproduction reason and yields are checked in the extension. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

UPFC is the most exhaustive multivariable adaptable air conditioning transmission framework (FACTS) controller. Synchronous 

control of different power framework variables with UPFC groups tremendous troubles. UPFC which comprises of an arrangement 

and a shunt converter associated by a typical dc join capacitor can all the while perform the capacity of transmission line 

genuine/responsive power stream control notwithstanding UPFC transport voltage/shunt receptive power control. Flexible AC 

Transmission System (FACTS) devices can give solution for the variations created in power system by such types of renewable 

resources and helps to improve its stability, power transfer capability and control of power flow. Be that as it may, amid transient 

conditions, the arrangement converter genuine power interest is supplied by the dc join capacitor. On the off chance that the data 

with respect to the arrangement converter genuine interest is not passed on to the shunt converter control framework, it could 

prompt breakdown of the dc join capacitor voltage and consequent expulsion of UPFC from operation. Next to no or no 

consideration has been given to the critical part of coordination control between the arrangement and the shunt converter control 

frameworks. The genuine power coordination talked about depends on the known actuality that the shunt converter ought to give 

the genuine power interest of the arrangement converter. For this situation, the arrangement converter gives the shunt converter 

control framework a comparable shunt converter genuine power reference that incorporates the blunder because of progress in dc 

join capacitor voltage and the arrangement converter genuine power request. The control framework intended for the shunt 

converter in reasons over the top deferral in transferring the arrangement converter genuine power request data to the shunt 

converter. This could prompt disgraceful coordination of the general UPFC control framework and ensuing breakdown of dc 

connection capacitor voltage under transient conditions.  

UPFC which comprises of an arrangement and a shunt converter joined by a typical dc join capacitor can all the while perform 

the capacity of transmission line genuine/receptive power stream control notwithstanding UPFC transport voltage/shunt responsive 

power control. The shunt converter of the UPFC controls the UPFC transport voltage/shunt receptive power and the dc join 

capacitor voltage. The arrangement converter of the UPFC controls the transmission line genuine/receptive power streams by 

infusing an arrangement voltage of customizable greatness and stage edge. 

In the event that the data in regards to the arrangement converter genuine interest is not passed on to the shunt converter control 

framework, it could prompt breakdown of the dc join capacitor voltage and resulting expulsion of UPFC from operation. Next to 

no or no consideration has been given to the essential part of coordination control between the arrangement and the shunt converter 

control frameworks. The genuine power coordination talked about depends on the known truth that the shunt converter ought to 
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give the genuine power interest of the arrangement converter. For this situation, the arrangement converter gives the shunt converter 

control framework a proportional shunt converter genuine power reference that incorporates the blunder because of progress in dc 

join capacitor voltage and the arrangement converter genuine power request. This could prompt uncalled for coordination of the 

general UPFC control framework and ensuing breakdown of dc connection capacitor voltage under transient conditions. In this 

paper, another genuine power coordination controller has been produced to keep away from unsteadiness/over the top loss of dc 

connection capacitor voltage amid transient conditions. As opposed to genuine power coordination between the arrangement and 

shunt converter control framework, the control of transmission line receptive power stream prompts extreme voltage trips of the 

UPFC transport voltage amid responsive power exchanges. The exorbitant voltage outings of the UPFC transport voltage is because 

of nonappearance of responsive power coordination between the arrangement and the shunt converter control framework. This part 

of UPFC control has additionally not been researched. Another receptive power coordination controller between the arrangement 

and the shunt converter control framework has been intended to decrease UPFC transport voltage journeys amid responsive power 

exchanges.  

In this paper, an UPFC control framework that incorporates the genuine and responsive power coordination controller has been 

outlined and its execution assessed. 

II. POWER QUALITY 

The contemporary container crane industry, like many other industry segments, is often enamored by the bells and whistles, colorful 

diagnostic displays, high speed performance, and levels of automation that can be achieved. Although these features and their 

indirectly related computer based enhancements are key issues to an efficient terminal operation, we must not forget the foundation 

upon which we are building. Power quality is the mortar which bonds the foundation blocks. Power quality also affects terminal 

operating economics, crane reliability, our environment, and initial investment in power distribution systems to support new crane 

installations. To quote the utility company newsletter which accompanied the last monthly issue of my home utility billing: „Using 

electricity wisely is a good environmental and business practice which saves you money, reduces emissions from generating plants, 

and conserves our natural resources.‟ As we are all aware, container crane performance requirements continue to increase at an 

astounding rate. Next generation container cranes, already in the bidding process, will require average power demands of 1500 to 

2000 kW – almost double the total average demand three years ago. The rapid increase in power demand levels, an increase in 

container crane population, SCR converter crane drive retrofits and the large AC and DC drives needed to power and control these 

cranes will increase awareness of the power quality issue in the very near future. 

 Power Quality Problems 

For the purpose of this article, we shall define power quality problems as: 

Any power problem that results in failure or mis operation of customer equipment manifests itself as an economic burden to the 

user, or produces negative impacts on the environment. When applied to the container crane industry, the power issues which 

degrade power quality include: 

 Power Factor 

 Harmonic Distortion 

 Voltage Transients 

 Voltage Sags or Dips 

 Voltage Swells 

 Unified Power Flow Controller 

The UPFC is a combination of a static compensator and static series compensation. It acts as a shunt compensating and a phase 

shifting device simultaneously. 

 
Fig. 1: Principle configuration of an UP FC 
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The UPFC consists of a shunt and a series transformer, which are connected via two voltage source converters with a common 

DC-capacitor. The DC-circuit allows the active power exchange between shunt and series transformer to control the phase shift of 

the series voltage. This setup, as shown in Figure 1.21, provides the full controllability for voltage and power flow. The series 

converter needs to be protected with a Thyristor bridge. Due to the high efforts for the Voltage Source Converters and the 

protection, an UPFC is getting quite expensive, which limits the practical applications where the voltage and power flow control 

is required simultaneously.WIND TURBINES 

The wind systems that exist over the earth‟s surface are a result of variations in air pressure. These are in turn due to the 

variations in solar heating. Warm air rises and cooler air rushes in to take its place. Wind is merely the movement of air from one 

place to another. There are global wind patterns related to large scale solar heating of different regions of the earth‟s surface and 

seasonal variations in solar incidence. There are also localized wind patterns due the effects of temperature differences between 

land and seas, or mountains and valleys. Wind speed generally increases with height above ground. This is because the roughness 

of ground features such as vegetation and houses cause the wind to be slowed. Windspeed data can be obtained from wind maps 

or from the meteorology office. 

III. MODELLING OF CASE STUDY 

 Control Strategy for UPFC 

A Shunt Converter Control Strateg The shunt converter of the UPFC controls the UPFC bus voltage/shunt reactive power and the 

dc link capacitor voltage. In this case, the shunt converter voltage is decomposed into two components. One component is in-phase 

and the other in quadrature with the UPFC bus voltage. De-coupled control system has been employed to achieve simultaneous 

control of the UPFC bus voltage and the dc link capacitor voltage. 

 Series Converter Control Strategy 

The series converter of the UPFC provides simultaneous control of real and reactive power flow in the transmission line. To do so, 

the series converter injected voltage is decomposed into two components. One component of the series injected voltage is in 

quadrature and the other in-phase with the UPFC bus voltage. The quadrature injected component controls the transmission line 

real power flow. This strategy is similar to that of a phase shifter. The in-phase component controls the transmission line reactive 

power flow. This strategy is similar to that of a tap changer. 

IV. BASIC CONTROL SYSTEM 

 Shunt Converter Control System 

Fig.1 shows the de-coupled control system for the shunt converter. The D-axis control system controls the dc link capacitor voltage 

and the Q-axis control system controls the UPFC bus voltage /shunt reactive power. The details of the de-coupled control system 

design can be found .The de-coupled control system has been designed based on linear control system techniques and it consists 

of an outer loop control system that sets the reference for the inner control system loop. The inner control system loop tracks the 

reference. 

 
Fig. 1: De-coupled D-Q axis shunt converter control system 



UPFC Based Wind Systems for Improvement of Power Flow in Transmission Line  
(IJSTE/ Volume 4 / Issue 5 / 024) 

 

 All rights reserved by www.ijste.org 
 

120 

 
Fig. 2: Series converter real and reactive power flow control system 

 
Fig. 3: UPFC connected to a transmission line. 

 Series Converter Control System 

Fig. shows the overall series converter control system. The transmission line real power flow is controlled by injecting a component 

of the series voltage in quadrature with the UPFC bus voltage. The transmission line reactive power is controlled by modulating 

the transmission line side bus voltage reference. The transmission line side bus voltage is controlled by injecting a component of 

the series voltage in-phase with the UPFC bus voltage. 

V. REAL AND REACTIVE POWER COORDINATION CONTROLLER 

 Real Power Coordination Controller 

To understand the design of a real power coordination controller for a UPFC, consider a UPFC connected to a transmission line as 

shown in Fig. The interaction between the series injected voltage and the transmission line current leads to exchange of real power 

between the series converter and the transmission line. The real power demand of the series converter causes the dc link capacitor 

voltage to either increase or decrease depending on the direction of the real power flow from the series converter. 
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Fig. 4: D-axis shunt converter control system with real power coordination controller. 

This decrease/increase in dc link capacitor voltage is sensed by the shunt converter controller that controls the dc link capacitor 

voltage and acts to increase/decrease the shunt converter real power flow to bring the dc link capacitor voltage back to its scheduled 

value. Alternatively, the real power demand of the series converter is recognized by the shunt converter controller only by the 

decrease/increase of the dc link capacitor voltage. 

Thus, the shunt and the series converter operation are in a way separated from each other. To provide for proper coordination 

between the shunt and the series converter control system, a feedback from the series converter is provided to the shunt converter 

control system. The feedback signal used is the real power demand of the series converter. The real power demand of the series 

converter is converted into an equivalent D-axis current for the shunt converter. By doing so, the shunt converter responds 

immediately to a change in its D-axis current and supplies the necessary series converter real power demand. The equivalent D-

axis current is an additional input to the D-axis shunt converter control system as shown in Fig.4 

 
Equation shows the relationship between the series converter real power demand Pse and the shunt converter D-axis current 

iDse. 

 
Fig. 5: Shunt converter Q-axis controller with reactive power coordination controller. 
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The real power demand of the series converter Pse is the real part of product of the series converter injected voltage Vse and the 

transmission line current Ise. Vupfcbus, iDse represent the voltage of the bus to which the shunt converter is connected and the 

equivalent additional D-axis current that should flow through the shunt converter to supply the real power demand of the series 

converter. As shown in Fig.4, the equivalent D-axis additional current signal (iDse) is fed to the inner control system, thereby 

increasing the effectiveness of the coordination controller. Further, the inner control system loops are fast acting PI controllers and 

ensure fast supply of the series converter real power demand Pse by the shunt converter. 

 Reactive Power Coordination Controller 

The in-phase component (VseD) of the series injected voltage which has the same phase as that of the UPFC bus voltage, has 

considerable effect on the transmission line reactive power (Qline) and the shunt converter reactive power (Qsh). Any 

increase/decrease in the transmission line reactive power (Qline) due to in-phase component (VseD) of the series injected voltage 

causes an equal increase/decrease in the shunt converter reactive power (Qsh). In short, increase/decrease in transmission line 

reactive power is supplied by the shunt converter. Increase/decrease in the transmission line reactive power also has considerable 

effect on the UPFC bus voltage. The mechanism by which the request for transmission line reactive power flow is supplied by the 

shunt converter is as follows. Increase in transmission line reactive power reference causes a decrease in UPFC bus voltage. 

Decrease in UPFC bus voltage is sensed by the shunt converter UPFC bus voltage controller which causes the shunt converter to 

increase its reactive power output to boost the voltage to its reference value. 

The increase in shunt converter reactive power output is exactly equal to the increase requested by the transmission line reactive 

power flow controller (neglecting the series transformer T2 reactive power loss). Similarly, for a decrease in transmission line 

reactive power, the UPFC bus voltage increases momentarily. The increase in UPFC bus voltage causes the shunt converter to 

consume reactive power and bring the UPFC bus voltage back to its reference value. The decrease in the shunt converter reactive 

power is exactly equal to the decrease in transmission line reactive power flow (neglecting the reactive power absorbed by the 

series transformer T2). 

In this process, the UPFC bus voltage experiences excessive voltage excursions. To reduce the UPFC bus voltage excursions, a 

reactive power flow coordination controller has been designed. The input to the reactive power coordination controller is the 

transmission line reactive power reference. Fig.5 shows the shunt converter Q-axis control system with the reactive power 

coordination control. 

 
Fig. 6: Power system with UPFC. 



UPFC Based Wind Systems for Improvement of Power Flow in Transmission Line  
(IJSTE/ Volume 4 / Issue 5 / 024) 

 

 All rights reserved by www.ijste.org 
 

123 

VI. MATLAB DESIGN OF CASE STUDY AND RESULTS 

 
Fig. 7: proposed Power system with UPFC with wind system 

 
Fig. 8:  Response to Step Changes In Transmission Line Real Power Flow Reference 

Fig. shows the power system with UPFC considered studying the response of the power system to step changes in trans-mission 

line real power flow reference. The UPFC is located at the center of a 200 km 345 kV transmission line. The initial real power 

flow in the transmission line is450 MW. At 10 s the transmission line real power reference is changed from 450 to 290 MW. At 

12 s, the reference is changed from 290 to 450 MW.   Above result shows the transmission line real power flow for step changes 

in its reference. 

 
Fig. 9: Response to step change in reactive power reference 
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The input to the reactive power coordination controller is the transmission line reactive power reference   . The output of 

the reactive power coordination controller modulates the shunt converter reactive current reference   . The time constant 

 has been chosen to be 0.1 s, which is close to the settling time for the shunt converter reactive power. 

 
Fig. 10: Response of the Power System to Step Changes in Transmission Line Reactive Power Reference with Reactive Power Coordination 

Controller 

To show the improvement in power oscillation damping with UPFC, the UPFC is located at bus-A as shown in Fig.10.In this 

case, the shunt converter of the UPFC controls the dc link capacitor voltage at 60 kV and the shunt reactive power at zero The 

series converter of the UPFC controls the real power flow in the transmission line at 400 MW. The reactive power flow controller 

has been disabled for this simulation as it does not contribute much to real power oscillation damping. Linear control analysis has 

been used to design the control system for the series converter [20]. 

 

 
Fig. 11: Power Oscillation Damping 

VII. CONCLUSION 

This paper has presented a new concept that is wind system to real and reactive power coordination controller for a UPFC. The 

basic control strategy is such that the shunt converter of the UPFC controls the UPFC bus voltage/shunt reactive power and the dc 



UPFC Based Wind Systems for Improvement of Power Flow in Transmission Line  
(IJSTE/ Volume 4 / Issue 5 / 024) 

 

 All rights reserved by www.ijste.org 
 

125 

link capacitor voltage. The series converter controls the transmission line real and reactive power flow. The contributions of this 

work can be summarized as follows. 

Two important coordination problems have been addressed in this paper related to UPFC control. One, the problem of real 

power coordination between the series and the shunt converter control system. Second, the problem of excessive UPFC bus voltage 

excursions during reactive power transfers requiring reactive power coordination. 

Inclusion of the real power coordination controller in the UPFC control system avoids excessive dc link capacitor voltage 

excursions and improves its recovery during transient conditions. MATLAB simulations have been conducted to verify the 

improvement in dc link voltage excursions during transient conditions. Significantly reducing UPFC bus voltage excursions during 

reactive power transfers. The effect on transmission line reactive power flow is minimal. MATLAB simulations results are verified 

and shown the improvement in power oscillation damping with UPFC. 
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