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ABSTRACT:Voltage and current waveform distortion are the most vital power quality concern, because a little 

fluctuation with phase supply, a transient condition occurs and an unbalance within the phase voltages can cause a 

bigger unbalance within the phase currents. An absolutely balanced three-phase three-wire system contains only 

positive sequence components of voltage, current and impedance, whereas an unbalanced system contains both positive 

and negative sequence components of voltage and current. In a three-phase facility, the voltages at the generation side 

are sinusoidal and equal in magnitude with 120˚ phase difference between the phases. However, on the load side, 

voltages may become unbalanced because of unequal voltage magnitudes at the basic frequency, point deviations or 

unequal distribution of single-phase loads. This paper proposes the shunt connected, Distribution Static Synchronous 

Compensator (DSTATCOM) with an appropriate controlling scheme to mitigate and compensate the unbalanced load 

current. D-STATCOM could be a fast compensating reactive power source that's applied on the transmission or 

distribution system to cut back voltage variations like sags, surges, swell and flicker, together with instability which is 

caused by rapidly varying reactive power demand. In this paper, the planning and simulation of D-STATCOM are used 

to improve the standard of power under different abnormal conditions like symmetrical and unsymmetrical faults. The 

working efficiency is tested under different fault conditions. The DSTATCOM is designed through SIMULINK and 

grid Block-set toolbox available within the MATLAB program. 
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I.INTRODUCTION 

Power quality is a crucial issue in the power distribution network system. In the present day, the economic equipment is 
based totally on electronic components like rectifier, thyristors along with programmable sensing controllers and power 
electronic drives [1]. These devices are very sensitive to instabilities and find yourself less tolerant to power quality 
issues. Within industrial and commercial equipment, voltage sags, swell, voltage fluctuation is serious and commonest 
problems [1,3]. 

The distribution static compensator (D-STATCOM) may be a shunt connected reactive-power compensation device 

that's capable of generating and absorbing the reactive power and also provide voltage support to a system bus [4]. 

During a renewable energy system, this is often also utilized in improving the constancy of the facility system. The 

reactive power imbalances are often minimized through the compensation device [5, 6]. DSTATCOM is additionally 

capable to resolve faults problems and compensate harmonics through the aptitude of the system [5, 7]. 

The first D-STATCOM device was manufactured in Japan and shipped to the UK, where it has been installed adjacent 

to a wind farm in South West England. 

The Flexible Alternating Current Transmission System (FACTS) devices provide a fast and reliable control over 

transmission parameters, like the voltage, line impedance and phase angle between the sending end and receiving end 

voltage [7, 8, 9, and 10]. On the other hand, the custom power device is used for low voltage distribution and improves 

the power quality due to which the system becomes reliable [11, 15]. Custom power devices are very similar to FACTS 

devices. The most widely known custom power devices are D-SATCOM, UPQC, DVR among which D-STATCOM 

provides a cost-effective solution for the compensation of reactive power [1, 6]. A FACT is a power electronic-based 
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device that maintains the power quality by maintaining the better flow of power and controls the dynamic stability of 

the system by changing the system parameters like voltage, phase angle, impedance [13].  

Solid-state Custom power devices are utilized in a power grid network to supply compensation and improve voltage 

profile [9]. It’s mainly of three types: a) DVRs - series-connected b) distribution static compensator (DSTATCOM) 

shunt-connected [10] c) unified power quality conditioner (UPQC) - a permutation of series and shunt-coupled [2, 6]. 

II.CONFIGURATION AND OPERATIONOF DSTATCOM 

A D-STATCOM could be a Voltage Source Inverter (VSI) fed power-electronic device that is connected in shunt to the 

system network to moderate the harmonics and power quality problems [9]. The performance of the D-STATCOM 

depends on different control algorithms which are used for the extraction of reference currents and to produce pulses to 

the gate terminals of the VSI [10]. A literature review has been performed on differing types of studies over D-

STATCOM [2]. The D-STATCOM is very effective in providing load voltage regulation; however, maintaining load 

voltage at rated value has several unwanted effects from a customer point of view. With a voltage of 1p.u. at load point, 

D-STATCOM forces load to control always at rated power [3, 5]. The STATCOM employed in distribution systems is 

termed D-STATCOM (Distribution-STATCOM). It can exchange both active and reactive power with the distribution 

system by varying the amplitude and phase of the converter voltage with regard to the load terminal voltage [4, 14]. 

2.1 MATLAB Simulink Model of DSTATCOM 

 

Fig. 2.1, MATLAB Simulink Model of D-STATCOM 
 
In fig. 2.1, three phase supply 20 kV is utilized in power distribution system and non-linear load is connected as a load 

in power system network. Three phase distribution transformer is connected with the three phase supply voltage. 

DSTATCOM is a shunt connected device which is between in the power supply and non-linear load. A Fault occurs in 

distribution line near a load in a transmission line network. Circuit breaker is used to isolate the faulty network in 

power system network and which can observe the difference at the time of fault and after the compensation by D-

STATCOM. The symmetrical and unsymmetrical fault study and performance is done by the given D-STATCOM 

Simulink model. 
 

2.2 Controlling scheme of D-STATCOM 

A controller is employed to sustain a relentless voltage magnitude at the worth of the purpose where a sensitive load is 

associated under system disturbances. The system simply measures the r.m.s voltage at the load point, i.e., no reactive-

power measurements are required [11]. The VSC-switching strategy is based on a sinusoidal pulse width modulation 

(PWM). These methods offer a more efficient flexible option than the Elemental Frequency Switching (EFS) 

techniques preferred in FACTS applications [8]. Besides, high switching frequencies (HSF) utilized to boost the 

efficiency of the converter without incurring significant switching losses [14]. The input of the controller is a 

miscalculation signal which is obtained from the reference voltage and therefore the value r.m.s of the terminal voltage 

measured [16]. This error is processed by a PI controller that output is the angle Ø which is delivered to the PWM 

signal generator [13-16]. It’s important to notice that during this case, indirectly-controlled converter, there's active and 

reactive power exchange with the network simultaneously: a slip-up signal is obtained by comparing the reference 

voltage with the r.m.s voltage measured at the load point [15]. The PI controller process the error signal generates the 

desired angle to drive the error to zero, i.e., the load r.m.s voltage is brought back to the reference voltage [14, 16] 
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Fig. 2.2, Mathematical model of Pulse Width Modulation (PWM) Generator 

 
The sinusoidal signal VControl is phase modulated by means of the angle- 
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The main constraints of the SPWM scheme are the amplitude-modulation indeed of signal and the FMI (frequency 

modulation index (Mf)) of the triangular signal. The amplitude-index (AI) is kept fixed at 1 p.u. in order to achieve the 

maximum fundamental voltage component at the controller output. The switching frequency (Fs) is set at the point 

1080Hz. The frequency modulation index is given by- 
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F
 = 1080/50     (4) 

fM = 21.6 

Where, fM is modulation index, SF  is switching frequency and fF  is fundamental frequency. 

III.PERFORMANCE OF D-STATCOM SIMULINK MODEL UNDER DIFFERENT FAULT CONDITIONS 

3.1 Single Line to Ground Fault (S-L-G Fault) 

In case of S-L-G Fault, phase A is faulty and connected to the ground and phase B and phase C is un-faulty phase. The 

fault has impedance which is known as fault impedance denoted by ZF. Phase B and phase C like as an open circuit and 

there is no current flow through these phases. 

 
Fig. 3.1(a), S-L-G fault waveform without D-STATCOM 

 
In fig. 3.1 (a), single line to ground (S-L-G) fault shows the result when D-STATCOM is not connected along with 
transmission line, the r.m.s voltage value is 0.94 p.u duration of 0.3 sec – 0.6 sec. 
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Fig. 3.1(b), S-L-G fault waveform with and without D-STATCOM 

Fig. 3.1 (b) shows the rms value is 1.00 p.u when D-STATCOM is connected with the transmission line and regulates 

the voltage near about to 1p.u. for time period of fault and achieves the sinusoidal waveform at the load terminal in 

power distribution system. 

 

3.2  Line to line fault (L-L Fault) 

In case of L-L Fault, fault take place between two conductors phase B and phase C and both are short circuit; current is 

flow through the both phases. Fault impedance is ZF. 

 
Fig 3.2 (a), L-L fault waveform with and without D-STATCOM 

 

Fig 3.2 (a), presents the result without connected D-STATCOM along with distribution line and r.m.s voltage value is 

0.92p.u which is less than 1 p.u. and the sinusoidal waveform of system is not perfectly sinusoidal. 

 

 
Fig 3.2 (b), L-L fault waveform with and without D-STATCOM 

 

Fig. 3.2 (b), shows the voltage rms value is 0.92 p.u when D-STATCOM is utilize along with distribution line and 

regulate the voltage near to 1p.u. for duration of fault and achieves the sinusoidal waveform at the load terminal. 

 

3.3 Double line to ground fault (LL-G Fault) 

In case of LL-G Fault, phase B and phase C is short circuit and has their fault impedance value ZF, both conductors are 
connected to the ground after a fault through a common line and has the value of ground impedance Zg. 
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Fig 3.3 (a), LL-G fault waveform with and without D-STATCOM 

 

Fig 3.3(a), presents the result when D-STATCOM is not used in distribution system, and shows the r.m.s voltage value 

is 0.90 p.u which conclude that the waveform is not sinusoidal. 

 
Fig 3.3 (b), LL-G fault waveform with and without D-STATCOM 

Fig. 3.3 (b), shows the rms value is 1.00 p.u, when D-STATCOM is utilize along with system. D-STATCOM regulate 

the voltage 0.90 p.u to 1.00 per unit. Regulate voltage is 0.25 p.u duration of fault and achieved waveform is sinusoidal 

at the load terminal. 

 

3.4 Three phase fault 

Three phase fault is known as symmetrical fault which involves all the three phases A, B and C.  

 

Fig 3.4 (a), Three phase fault with and without D-STATCOM 

Fig 3.4 (a), presents the r.m.s voltage value is 0.80p.u duration of 0.3 sec- o.6 sec this result is achieved when D-
STATCOM is not connected along with distribution line. In this case, voltage sag takes place. 
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Fig 3.4 (b), Three phase fault with and without D-STATCOM 

Fig. 3.4 (b) shows the rms value is 0.96 p.u when D-STATCOM is connected with system. It regulates the voltage 0.80 

p.u to 0.96 per unit during fault occur time (0.3 sec - 0.6 sec). D-STATCOM is used to get sinusoidal balanced 

waveform at the load terminal in power distribution system. 

 

3.5 Three phase to ground fault 

In three phase fault to ground, all the phase is involves with fault and connected with ground. This fault destroys the 

sinusoidal wave and causes to the unbalanced condition at the near non-linear load. 

 
Fig 3.5 (a), Three phase to ground  fault with and without D-STATCOM 

  Fig. 3.5 (a) presents the three phase fault to ground and result shows the r.m.s voltage value is 0.80p.u during the time 

0.3 sec- 0.6 sec, this duration is fault occurring time and D-STATCOM is not connected with the distribution line, the 

waveform is not sinusoidal at the load terminal. 

 

 
Fig 3.5 (b), Three phase to ground fault with and without D-STATCOM 

 

Fig. 3.5 (b), shows the rms value is 0.97p.u when D-STATCOM is connected along with system; it is regulate the 

voltage 0.80 p.u. to 0.97p.u. D-STATCOM regulating value is 0.17 per unit during fault condition and achieved 

waveform is sinusoidal at the load terminal in power distribution system. 
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3.6 Swell Fault Condition 

In swell fault condition, a momentary increase of the voltage at the power frequency, outside the normal tolerances, with 

duration of more than one cycle and typically less than a few seconds. 

 

 

Fig 3.6 (a), Swell fault condition with and without D-STATCOM 

  Fig. 3.6 (a) presents the swell fault condition and result shows the r.m.s voltage value is 1.03 p.u during the time 0.3 

sec- 0.6 sec, this duration is fault occurring time and D-STATCOM is not connected with the distribution line, the 

waveform is not sinusoidal at the load terminal. 

 
Fig 3.6 (b), Swell fault condition with and without D-STATCOM 

Fig. 3.6 (b), shows the rms value is 1.03 p.u when D-STATCOM is connected along with system; it is regulate the 

voltage 1.03 p.u. to 1.00 p.u. D-STATCOM regulating value is 0.03 per unit during fault condition and achieved 

waveform is sinusoidal at the load terminal in power distribution system. 

IV.RESULT AND DISCUSSION 

In this paper, two different cases voltage sag and another is voltage swell. In two cases we have consider 6 different 

fault conditions for testing of system. Different fault conditions are 3-Phase Short Circuit Fault, 3-Phase Ground Fault, 

Line to Ground Fault, Line to Line Fault, Line-Line to Ground Fault and Swell Condition. The results for each fault 

condition are given below one by one. 
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V. CONCLUSION 

 

The PWM voltage control scheme of D-STATCOM is used to manage the load voltage under the symmetrical and 

unsymmetrical faults, the D-STATCOM can regulate the load voltage to the required level is described during this 

paper. The performance of DSTATCOM has been evaluated for linear-loads and static non-linear loads. during this 

paper, the issues related to faults determination and appropriate DSTATCOM place and proper D-STATCOM injected 

reactive power rating which causes improvement of voltage profile and reduce the ability loss in facility network. Pulse 

width modulation control scheme is acceptable for both unbalanced load compensation and balanced RC or RL load. 

during this paper, the exploration of the D-STATCOM is disbursed to improvement the ability quality in power 

distribution networks within static linear and non-linear loads. Proportional-Integral (PI) controller is used within 

device to enhance system performance. The results show the satisfactory performance of DSTATCOM within the 

distribution system under different fault conditions and it may be concluded that DSTATCOM effectively improves the 

facility quality and voltage profile in power distribution system. 
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