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Abstract

:

Flexible alternating current transmission system (FACTS) controllers are important to enhance the quality of power in power systems. The stability of a system is achieved via a FACTS device (a Static Synchronous Compensator (STATCOM)). This paper aims to control the losses in the transmission system during peak energy demand circumstances with minimal losses in the economical and functional efficiency of the system. The STATCOM operation of a seven level voltage source converter (VSC) with binary-weighted transformers is proposed for controlling the reactive power variations and terminal voltage changes at dynamic circumstances in the transmission system. The STATCOM is operated at 132 kV and is a 50 Hz AC system with a single DC-Link capacitance and two VSC power circuits. Each VSC circuit consists of three H-bridges with specific switching angle control in order to achieve low total harmonic distortion at the fundamental frequency. The coupled control circuit phenomenon is imperative for computing the switching angle for a stable performance. The dynamic functional improvement efficiency is harvested with a minimum number of switches and transformers used in high voltage and high-power applications. The number of switches, transformers, and capacitors for 132 kV are optimized with a proposed STATCOM operation in seven level VSC with binary-weighted transformers. The simulated results prove that the proposed model significantly improved system performance and stability.
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1. Introduction


The role that flexible alternating current transmission system (FACTS) devices play in peak voltages and at high-power applications is significant to achieving reactive power variations and sustaining a system voltage profile. The transmission lines are key parts in electrical engineering to transmit electrical power and terminal voltage for all electrical appliance usages. Meanwhile, the control of electrical losses in the transmission system remains a major challenge, and FACTS controllers have fulfilled this requirement. A FACTS device (the static synchronous compensator (STATCOM)) is being used to control the losses in terms of reactive power variations and terminal voltage changes in the system. The insulated gate bipolar transistors (IGBTs) based series H-bridges combination of STATCOM provides the consumption of reactive power in either direction of the system and to improve the system stability [1,2]. STATCOM has various models of multi-level converters for controlling reactive power. Voltage levels with direct current control techniques are able to harvest the system stability [3,4]. The STATCOM FACTS device is being used to control losses in terms of reactive power variation and terminal voltage changes in the system [5,6,7]. Combining bridges and optimizing the number of switches results in minimum switching losses and reduces the cost in medium voltage transmission lines [8,9,10]. The reference voltage, reference current, constant DC-Link, pulse width modulation (PWM), fast Fourier transform (FFT), and micro processor based control (MPC) control schemes of STATCOM provide predictive power changes at dynamic load conditions [11,12]. The stability of power in the transmission system has been settled by the hysteresis power regulations algorithm [13,14]. The system nominal voltage is established via the additive control of linear and nonlinear loads [15,16]. The voltage source converter (VSC) with PI controller limiters, decoupled link, hysteresis current, individual phase voltage, and current techniques is currently being implemented [17,18,19]. The bulk power rating of the high voltage direct current power transmission system’s performance is estimated via modular level converters with mean value and equivalent versions of submodule circuits [20]. The irregular power losses, switching losses, and dynamic efficiency are improved with a dual-loop control scheme of half-bridge multi level inverters based on STATCOM [21]. The series-parallel device combinations of hybrid switched multilevel converters, which are designed and implemented for high voltage as well as high power applications with improved performance [22]. Energy storage STATCOM of modular multi level converter methods are executed for high-level grid applications with a control flowchart to evaluate the dynamic performance [23]. Inverter-based STATCOM is operated to set the real power and reactive power boundaries by limiting the system current and voltage for grid utility conditions [24]. Model predictive control is adopted as a superior control mechanism in transmission systems to overcome the power interrupts. The optimized switching vector-based STATCOM has been established to upgrade power quality in the system [25]. A multi modular converter with quadrature voltage compensation control method is used to compute the circulating current and to control huge power imbalances in the system [26]. This paper describes performance transmission system stability improvement in high power and high voltage commercial application with minimum power switches in STATCOM.



The power variations are regulated and controlled by phase sequence algorithms [27,28,29]. Heavy loads (e.g., railway power grids and distribution networks) are being controlled with reactive current flows to obtain the constant voltage profile in demand of peak voltages as well as further voltages of power systems to comply with existing standards [30,31]. The current control limitations are derived to maintain the system reference voltages [32,33]. The FACTS controllers of a STATCOM have a very fast response and flexible operation at dynamic circumstances with prescribed capacity ranges. Therefore, the DC capacitor voltages remain ripple-free for the system [34,35,36]. The submodule capacitor of three-phase multi modular converter sequences is being investigated to improve the system voltage imbalances and to limit the compensation current under dynamic grid conditions [37]. The proposed energy-based multilevel multicell inverter has been implemented to provide negligible total harmonic distortion for power quality issues in microgrid applications [38]. A half-bridge modular multilevel converter with the nearest level control technique is deliberated to minimize the cell losses in balanced power conditions [39]. The over current of a multi-level converter based HVDC (high voltage direct current) transmission system is controlled via fault ride through a control algorithm for smooth system operations [40]. A full bridge submodule of a modular multilevel converter built high voltage direct current transmission system is operated with capacitor balancing methods to avoid the sudden system interrupts [41]. The dynamic oscillations of power issues in the transmission system are stabilized by steady developments of the one cycle control flowchart of diode clamped multi converters based STATCOM [42]. Three phase voltage converters based STATCOM determines the real power and reactive power variations, and regulates the power deviations for stable system voltage levels [43]. Transmission power issues and voltage disparity are dissolved by a super capacitor energy system built STATCOM to maintain an efficient system [44]. This paper analyses the dynamic load variation conditions and their low total harmonic distortion with smooth stable operations for large level systems.



A single DC-Link voltage of seven-level VSC-based STATCOM has been planned for reactive power regulation. It describes weighted transformer, minimum power electronic devices with coupled control methodology for stable voltage operations in a power system. The system indexed values of power, voltage, DC capacitor voltage, and firing angles are considered with satisfactory results, and the operations are discussed. The major contributions of the paper are detailed as follows:




	
A novel proposed seven level voltage source converter based STATCOM with single DC-link capacitor voltage is designed to enhance dynamic reactive power variations and stable voltage profile in a high-level voltage transmission system.



	
A novel seven level voltage source converter linked with binary weighted transformers is designed to meet the high rating voltages in a transmission system with low harmonic distortion.



	
In this proposed circuit, the switching angles are computed according to their levels of voltage source converters to maintain a constant voltage profile in the transmission system.



	
The proposed binary weighted transformer linked seven level voltage source converter is working with a decoupled algorithm to provide accurate results at various conditions of loads.



	
In this proposal circuit, the minimum number of power semiconductor switches and transformers are used to obtain better results than the conventional methods.








The rest of the paper is structured as follows: Section 2 deals with the new approach of voltage source converter based STATCOM operation and novel firing angle equation design; Section 3 presents a decoupled control technique in order to regulate the reactive power changes and to maintain a stable system voltage profile; Section 4 shows the dynamic performance of STATCOM results; Section 5 details comparisons of this work; Section 6 concludes the proposed binary weighted transformer integrated seven level VSC based STATCOM performance.




2. STATCOM Configuration and Operation


The novelty of this paper is the presence of binary weighted transformers (1:1 & 2:1 turns ratio’s) integrated seven level VSC based STATCOM with a single DC-Link capacitance and firing angle equation (which is newly developed for VSC with a low total harmonic distortion (THD) value). The turns ratio of binary weighted transformers is 1:2:4:……2n−1, which is suitable for multilevel (like seven level, fifteen level, thirty-one level ……) VSC based STATCOM. The switching angles are designed for multilevel VSC based STATCOM from a novel firing equation with minimum THD. It can be implemented for various dynamic conditions of reactive power changes and system voltage changes. The performance of the seven level VSC based STATCOM is presented under different dynamic conditions with switching on inductive and capacitive loads.



2.1. Principle of Operation


The construction of a binary transformer with various voltage source converter STATCOM is conducted to obtain the voltage output waveforms of an AC converter with minimum harmonic content. These VSCs have one DC-link capacitance, H-bridges, and transformers used at 1:2:4:…:2n−1 turn ratios. The DC-link capacitance voltage is used to control the AC converter output voltage with the phase angle of the transmission system voltages as well as STATCOM output voltage. STATCOM output voltage is lower than the voltage of the system titular. Then, the reactive power is drawn from the transmission system. Meanwhile, STATCOM output voltage matches the system nominal voltage, which is greater than the reactive power injecting into the transmission system. The main advantage of these binary transformers with multilevel VSCs of a DC-Link capacitance voltages is their ability to accomplish the various voltage output waveforms, which are dissimilar to those of normal conventional voltage source converters.




2.2. STATCOM Configuration with Seven Level VSC


The proposed configuration of a binary-weighted transformer integrated seven level VSC consists of self-commutating switching devices: GTOs or IGBTs, DC capacitance, AC reactance, interface transformer units and their controls. Figure 1a shows a STATCOM configuration with binary-weighted transformer-based seven level VSC. It has only one DC-Link capacitance and two three-phase modules, and each module consists of 3 H-bridges. The voltage source converters output is connected to transformers in 1:1 and 1:2 turn ratios.



Figure 1b shows that H-bridge switching pattern output waveforms are obtained in every level of a voltage source converter, and transformer 2 output voltage is twice the transformer 1 output voltage. The Equation (1) is a novel firing angle ‘  ∝  ’ generated for a multilevel voltage source converter (MLVSC). The firing angle is generated for seven Level VSC in the below-given procedure. The quarter sinusoidal waveform is equally divided into three levels of points and develops a staircase waveform. The firing angle is considered in advance of 0.5 to maintain the perfect levels of VSC with low THD values. The phase angle ‘  ∝  ’ is responsible for the reactive power control. The optimized firing pulses are chosen for the minimum THD value. The optimized firing pulses ‘α1’, ‘α2’, and ‘α3’ are estimated using Equation (1).


   ∝ i  =   sin   − 1       i − 0.5  3    ,    i  = 1 , 2 , 3 .  



(1)




where i = level of VSC and 3 is the maximum levels of VSC.


   ∝ 1  =   9.59  °  ,  ∝ 2  =   30  °  ,  ∝ 3  =   56.44  °   











Figure 1c shows the harmonic spectrum of seven level VSC voltage output waveforms. The THD is 12.02% (a lower value than conventional VSC configurations).





3. Control Strategy Approach


The proposed control strategy deals with system voltages, currents, and powers of the transmission lines given in Figure 2.



The active and reactive powers of the system are given by Equations (2) and (3):


   P S  =  V  1 d    I  1 d   +  V  1 q    I  1 q    



(2)






   Q S  =  V  1 d    I  1 q   −  V  1 q    I  1 d    



(3)




where    V  1 d     and    V  1 q     are the direct and quadrature of the system terminal voltages, the equations of which are given in Equations (4) and (5).


   V  1 d   =    2 3       V  1 a   sin θ +  V  1 b   sin   θ −   120  °      +    V  1 c   sin   θ +   120  °       



(4)






   V  1 q   =    2 3       V  1 a   cos θ +  V  1 b   cos   θ −   120  °      +    V  1 c   cos   θ +   120  °       



(5)







   I  1 d     and    I  1 q     are the direct and quadrature of the system terminal currents, given by Equations (6) and (7).


   I  1 d   =    2 3       I  1 a   sin θ +  I  1 b   sin   θ −   120  °      +    I  1 c   sin   θ +   120  °       



(6)






   I  1 q   =    2 3       I  1 a   cos θ +  I  1 b   cos   θ −   120  °      +    I  1 c   cos   θ +   120  °       



(7)







PLL is used to obtain   sin θ     and   cos θ   in the voltage Equations (4) and (5), as well as the current Equations (6) and (7). The dq transformation is used for obtaining the direct axis (as well as the quadrature axis) of the voltages and currents in Equations (4)–(7).



3.1. DC-Link Voltage Controller


This DC-Link Voltage controller provides the direct axis reference current ‘   I  1 d  *   ’ by keeping the constant DC Voltage ‘   V  1 d c    ’ with the reference DC Voltage ‘   V  1 d c  *   ’. The DC-Link Voltage controller is responsible for maintaining the constant DC Voltage ‘   V  1 d c    ’ at the reference DC Voltage ‘   V  1 d c  *   ’. The proportional-integral (PI) controller is used for this purpose. The output of the PI controller accounts for the losses in the STATCOM, and it is considered to be the real power component of the current ‘   I  1 d  *   ’. The real power component of the current ‘   I  1 d  *   ’ is fed to to the decoupled controller. The DC-Link voltage controller maintains the DC-link voltage at the reference value using a small amount of active power transfer between the AC system and the DC–DC-Link of STATCOM. The low value active power flows to DC side to hold DC reference voltage, as expressed by Equation (8):


   I  1 d  *  =  K  1 P      V  1 d c  *  −  V  1 d c     +  K  1 I   ∫    V  1 d c  *  −  V  1 d c       d t  



(8)








3.2. AC System Voltage Controller


This AC Voltage controller provides quadrature axis reference current ‘   I  1 q  *   ’ to keep constant AC system voltage ‘   V  1 t    ’ with the reference AC system voltage ‘   V  1 t  *   ’. The quadrature axis reference current is connected to the coupled regulator for estimation of the phase angle and is expressed by Equation (9):


   I  1 q  *  =  K  1 P      V  1 t  *  −  V  1 t     +  K  1 I   ∫    V  1 t  *  −  V  1 t     d t  



(9)








3.3. Decoupled Current Regulator


The decoupled current regulator controls the active power variations (as well as the reactive power variations) in the transmission system. The reference currents of the direct axis and quadrature axis from the DC-Link controller and AC system terminal controller feed to internal current controllers and compute the reference converter voltages for the estimation of the phase angles of the VSC converters. The equations are represented by Equations (10) and (11):


   V  1 c d  *  =  V  1 c d   −  K  c P d      I  1 d  *  −  I  1 d     −  K  c I d   ∫    I  1 d  *  −  I  1 d       d t  



(10)






   V  1 c q  *  =  V  1 c q   −  K  c P q      I  1 q  *  −  I  1 q     −  K  c I q   ∫    I  1 q  *  −  I  1 q       d t  



(11)




where ‘   K  c P d    ’ and ‘   K  c I d      ‘ are proportional and integral gains of the d-axis in Equation (10) and ‘   K  c P q    ’ and ‘   K  c I q    ’ are proportional and integral gains of the q-axis in Equation (11).




3.4. Estimation of Phase Angle


This calculation gives the DC capacitance reference voltage for stable real power in the transmission system. Equation (12) provides the phase angle ‘   δ *   ’ (the differences between the AC terminal voltage and STATCOM AC output voltage), which is responsible for regulating the DC-Link Voltage of VSC. It is not impacted on THD but is impacted on a smoothing system voltage profile.


   δ *  =   tan   − 1        V  1 c q  *     V  1 c d  *       



(12)









4. STATCOM Performance and Results


The transformer integrated seven level VSC based STATCOM was implemented and associated with a 132 kV, 50 Hz AC power system. The dynamic load progress of STATCOM was estimated with reactive power changes at a nominal point ‘   Q S *   ’, and the terminal voltage changes at nominal point ‘   v t *   ’; then, quadrature current ‘   I  1 q  *   ’ was evaluated for stable operation of the system with minimum harmonic distortion. The system parameters have been mentioned in Appendix A.



	
i. Dynamic Performance of Reference Reactive Power Changes






The binary weighted transformer integrated seven level VSC based STATCOM was examining with dynamic conditions of inductive and capacitive loads. The various continuous, cumulative and disintegration dynamic state loads were tested.



4.1. Continuous Loads


Figure 3 shows the performance results of the STATCOM at various dynamic conditions of continuous load. Initially, the reactive power variation was set to ‘0’ for 0.2 s and the performance was observed. Then, the reference reactive power is varied from 0 to 100 MVAR and the time interval is between 0.2 s and 0.4 s. The STATCOM performance was observed during this time period and the reactive power flows to the STATCOM side, then the AC output voltage and DC-Link voltage were adopted to the voltage losses. After the reactive power is set to ‘0’ during the time interval 0.4 s to 0.6 s, STATCOM performance results were analyzed during the time interval from 0.4 s to 06 s by presetting the reactive power to ‘0′. The reference reactive power was varied from 0 to −100 MVAR for the time interval between 0.6 s and 0.8 s. The STATCOM performance was observed during this time period and the reactive power flowed from the STATCOM side; then, the AC output voltage and DC-Link voltage are added to the voltage losses. After the reactive power was set to ‘0’ during the time interval 0.8 s to 1.0 s, the STATCOM performance results were given, showing the improvement of the smooth steady-state system with low harmonic distortion.



Figure 4 shows the seven level STATCOM harmonic currents at inductive and capacitive operations of continuous loads. The THD was 3.83%, observed at inductive operation of continuous load, (i.e., the reference reactive power was changed to 100 MVAR). In addition, the THD was 5.10%, observed at the capacitive operation of continuous load, (i.e., the reference reactive power was changed to −100 MVAR).




4.2. Cummulative Loads


Figure 5 shows that the nominal reactive power value starts at 0 and time reaches to 0.1 s. The reference reactive power variation is moved to 35 MVAR within 0.15 s (i.e., 0.1 s to 0.25 s). Again, the cumulative reactive power 40 MVAR is added at 0.25 s, then the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.4 s. Now, the total cumulative inductive load (   Q S *   ) is set to 75 MVAR, then the DC-Link voltage starts to decrease. Thus, the AC converter output voltage starts to decrease, then STATCOM will absorb the reactive power (   Q S *   ) and, again, maintain the nominal reactive power value of 0 within 0.1 s, (i.e., 0.4 s to 0.5 s). The capacitive load starts at the time 0.5 s in the system with the reference reactive power moved to −35 MVAR and the time reaches 0.65 s. Again, the cumulative reactive power 40 MVAR is added at 0.65 s, then the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.8 s. Now, the total cumulative capacitive load (   Q S *   ) is set to −75 MVAR, then the DC-Link voltage will start to increase. Thus, the AC converter output voltage starts to increase, then STATCOM will deliver the reactive power (   Q S *   ) and, again, maintain the nominal reactive power value of 0 from 0.8 s to 0.9 s.



Figure 6 shows STATCOM currents’ harmonic spectra during cumulative loads of inductive and capacitive operations. The THD of the STATCOM currents is found to be 3.74% during the inductive operation when ‘   Q S *   ’ is set to 75 MVAR, as well as 5.01% during capacitive operation when ‘   Q S *   ’ is set to −75 MVAR.




4.3. Disintegration Loads


Figure 7 shows that the starting nominal reactive power value is 0, and time reaches to 0.1 s. From 0.1 s, the variation of reference reactive power is moved to 20 MVAR, and the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.15 s. The DC-Link voltage will start to decrease. Thus, the AC converter output voltage starts to decrease, then STATCOM will absorb the reactive power (   Q S *   ) and, again, maintain the nominal reactive power value (i.e., 0) from 0.15 s to 0.2 s. The disintegration inductive load reactive power 40 MVAR is added at 0.20 s, and the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.25 s. Again, STATCOM will absorb the reactive power (   Q S *   ), and maintain the nominal reactive power value of 0 from 0.25 s to 0.3 s.



Thus, the disintegration inductive load reactive power 60 MVAR is observed at time 0.30 s, and the actual reactive power (   Q S   ) flows in the system without any major overshoots till the time 0.35 s. Then, continuously, STATCOM will absorb the reactive power (   Q S *   ) and maintain nominal reactive power value (i.e., 0) from 0.35 s to 0.4 s. Finally, the disintegration inductive load reactive power is moved to 80 MVAR at 0.40 s, and the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.45 s. When    Q S *    is set to 80 MVAR, the DC-Link voltage will start to decreases. Thus, the AC converter output voltage starts to decrease. Therefore, STATCOM will consume the reactive power, and maintain the nominal reactive power value of 0 from 0.45 s to 0.5 s.



The disintegration capacitive load starts at the time 0.5 s in the system, the reference reactive power is moved to −20 MVAR, and the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.55 s. The DC-Link voltage will start to increase. Thus, the AC converter output voltage starts to increase, then STATCOM will deliver the reactive power (   Q S *   ), and, again, maintain the nominal reactive power value of 0 from 0.55 s to 0.6 s. The disintegration capacitive load reactive power −40 MVAR is added at 0.60 s, and the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.65 s. Again, STATCOM will deliver the reactive power (   Q S *   ) and again maintain the nominal reactive power value (i.e., ‘0 ‘) from 0.65 s to 0.7 s.



The disintegration capacitive load reactive power −60 MVAR is observed at the time 0.70, s and the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.75 s. Then, continuously, STATCOM will deliver the reactive power (   Q S *   ), and, again, maintain the nominal reactive power value (i.e., ‘0’) from 0.75 s to 0.8 s. Finally, the disintegration capacitive load reactive power is moved to −80 MVAR at 0.80 s, and the actual reactive power (   Q S   ) flows in the system without any major overshoots until 0.85 s. When ‘   Q S *   ’ is set to −80 MVAR, then DC-Link voltage will start to increase. Thus, the AC converter output voltage starts to increase. Therefore, STATCOM will generate the reactive power and, again, maintain the nominal reactive power value of 0 from 0.85 s to 0.9 s.



Figure 8 shows STATCOM currents’ harmonic spectra during disintegration loads of inductive and capacitive operations. The THD of STATCOM currents is found to be 4.51% during the inductive operation when ‘   Q S *   ’ is set to 80 MVAR, as well as 5.41% during capacitive operation when ‘   Q S *   ’ is set to −80 MVAR.



Table 1 describes the THD percentage of STATCOM currents under inductive and capacitive operations for continuous, cumulative, and disintegration loads of the system at reference reactive power dynamic changes with satisfactory performance results.



Figure 9 shows the performance of seven level VSC based STATCOM at terminal voltage variations at various dynamic conditions. At the starting point, the reference terminal voltage is set to ‘1.0’ pu up to 0.2 s, and then the STATCOM performance is observed. Then, the reference terminal voltage is moved to ‘1.03’ pu during the time interval between 0.2 s and 0.4 s, and the STATCOM performance is verified with waveforms at this stage. STATCOM sends the reactive power; then, the DC-Link voltage and the AC converter output voltage are increased to minimize the system losses. Afterwards, the reference terminal voltage is moved to ‘1.0’ pu during the time interval between 0.4 s and 0.6 s, then the STATCOM performance is observed (similar to the initial stage). Thus, the reference terminal voltage is moved to ‘0.97’ pu during the time interval between 0.6 s and 0.8 s, then the STATCOM performance is verified. STATCOM receives the reactive power, then the DC-Link voltage and the AC converter output voltage are decreased to minimize the system losses. Further, the reference terminal voltage is moved to ‘1.0’ pu during the time interval between 0.8 s and 1.0 s. Then, the overall STATCOM performance is observed with system voltage, system current, load current, converter current, reactive power, DC-Link voltage, per unit terminal voltage, and phase angle waveforms by all the stages from starting to final time periods at various inductive loads and capacitive loads on the system.



Table 2 designates the THD percentage of the system, load, and STATCOM currents under inductive and capacitive operations. The dynamic performance of system, load and STATCOM current conditions at reference terminal voltage changes, with satisfactory results.





5. Statistical Quantative Parameters


The results obtained with the proposed STATCOM operation of a seven level VSC with binary-weighted transformers is compared with the existing approaches shown in Table 3. With low harmonics for 11 kV, a 50 Hz distribution system used a single DC-Link capacitor with eight switches and two transformers. The proposed methodology is applied for a 132 kV, 50 Hz high voltage and high-power transmission system with less harmonic distortion achieved with the minimum number of switches and binary integrated transformers with a unique DC-Link capacitor. With a cascade H-bridge multilevel inverter, less harmonic distortion was achieved by compromising the number of switches to 12 and one extra-low voltage and low-frequency transformer. The harmonic distortion is minimized with a hybrid structure combination of two cells and H-bridges multilevel inverter with flying capacitors for a 400 V, 50 Hz distribution system.




6. Conclusions


A single DC-Link Voltage of seven level VSC based STATCOM has been executed with various continuous, cumulative, and disintegration inductive and capacitive loads. The model has tested by dynamic load variations of nominal system voltage at various currents of inductive and capacitive loads. A combination of binary-weighted transformers and VSC power circuits improves the transmission system voltage levels with unique DC-Link capacitance. The single DC-Link voltage eliminates unbalanced voltage strain on switching devices to maintain smooth voltage waveforms. The firing angles of the switches estimation is based on the levels of VSC based STATCOM for generating the system voltages. The dynamic load performance of the STATCOM has been verified for different instants of continuous inductive and capacitive loads with satisfactory results and low harmonic content. The cumulative load performance was also verified at various inductive and capacitive loads with reasonable results with low harmonic content. The STATCOM also verified the dynamic performance of disintegration inductive and capacitive loads with acceptable results and low harmonic content. STATCOM has been verified with system voltage changes at nominal point value for smooth improving operations, as evidenced by the accurate results. The THD is 12.02%, a lower value than that of conventional VSC configurations. The major advantage of STATCOM is minimizing the number of switches and transformers for voltage enhancement of the high voltage transmission systems.
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Nomenclature




	FACTS
	Flexible AC transmission systems



	STATCOM
	Static synchronous compensator



	VSC
	Voltage source converter



	IGBTs
	The insulated gate bipolar transistors



	PWM
	Pulse width modulation



	FFT
	Fast Fourier transform



	MPC
	Micro processor controller



	THD
	Total harmonic distortion








Appendix A




	System Voltage
	132 kV



	Transformers
	100 MVA, 50 Hz, Tr 1: 25.4 kV/2.12 kV, Tr 2: 50.8 kV/2.12 kV



	DC-Link Voltage
	3000 V



	Capacitor
	0.07 F



	VSC Power Circuits
	02



	No. of GTOs
	24



	GTO’s pulse frequency
	50 Hz



	AC System Voltage Controller Gains
	KPt = 0.17 and KIt = 0.01



	Q-axis current controller gains
	KPq = 50 and KIq = 5
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Figure 1. (a) STATCOM configuration with seven level VSC. (b) seven level voltage source converter voltage output waveforms. (c) Harmonic spectrum of seven level voltage source converter voltage output waveforms. 
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Figure 2. Control strategy for the proposed STATCOM. 
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Figure 3. Continuous load performance results of seven level VSC based STATCOM with reference reactive power changes. 
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Figure 4. STATCOM currents harmonic spectra during continuous loads of inductive and capacitive operations. 
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Figure 5. Cumulative load performance results of seven level VSC based STATCOM with reference reactive power changes. 
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Figure 6. STATCOM currents’ harmonic spectra during cumulative loads of inductive and capacitive operations. 
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Figure 7. Disintegration loads performance results of seven level VSC based STATCOM with reference reactive power changes. 
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Figure 8. STATCOM currents harmonic spectra during disintegration loads of inductive and capacitive operations. 
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Figure 9. Performance of seven level VSC based STATCOM at terminal voltage variations. 
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Table 1. STATCOM current THD at various loads.
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	STATCOM Current Operation
	Loads
	%Total Harmonic Distortion (THD)





	Under inductive

Under capacitive
	Continuous
	3.83

5.10



	Under inductive

Under capacitive
	Cummulative
	3.74

5.01



	Under inductive

Under capacitive
	Disintegration
	4.51

5.41
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Table 2. THD at various currents.
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	Current
	Operation
	% Total Harmonic Distortion (THD)





	System
	Under inductive

Under capacitive
	1.89

2.88



	Load
	Under inductive

Under capacitive
	0.90

1.43



	STATCOM
	Under inductive

Under capacitive
	2.80

4.26
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Table 3. Comparative study for existing methods.
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	Ref Papers/

Components
	Switches
	Transformers
	Capacitors
	DC Source
	System Voltage





	[10]
	12
	3
	1
	1
	100 V



	[9]
	8
	-
	3
	-
	400 V



	[8]
	8
	2
	1
	-
	11 kV



	Proposed
	8
	2
	1
	-
	132 kV
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