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Abstract-This paper presents a control scheme for Static 
Compensators applied in distribution systems 
(DSTATCOM),that are used for regulation of voltage 
magnitude at point of common coupling (PCC) and it also 
has the function of eliminating harmonics of voltage through 
PCC-voltage-detection method. Voltage-magnitude 
regulation is accomplished throughquadrature-current 
injection at PCC and harmonic mitigation is released 
reading the voltage at PCC and producing harmonic 
currents capable of voltage-distortion compensation at PCC. 
Using this method there is not necessity of source or 
loadcurrentmeasurement. The voltage regulator was 
implemented using a four-wire three-phase shunt-connected 
VSI.If it operates in a voltage control mode, it can make the 
voltage of the bus to which it is connected a balanced 
sinusoid, irrespective of the unbalance and distortion in 
voltage in the supply side or line current.  Similarly when 
operated in a current control mode, it can force the source 
side currents to become balanced sinusoids. Loads connected 
to a stiff source cannot be protected from voltage 
disturbances using a distribution static compensator 
(DSTATCOM). In this paper, a new control algorithm based 
multifunctional DSTATCOM is proposed to operate in 
voltage control mode under stiff source. This scheme 
provides fast voltage regulation at the load terminal during 
voltage disturbances and protects induction machine drive 
system. The simulation results are obtained using 
MATLAB/SIMULINK software. 
 
Index Terms—DSTATCOM, multifunctional, stiff source, 
power factor, voltage regulation, induction machine drive 
system. 

I. INTRODUCTION 
The rapidly developing power electronicstechnology 
provides an opportunity fordeveloping new power 
equipment forimproving the performance of the 
powersystem. Flexible AC Transmission 
Systemtechnology (FACTS) uses the latest 
powerelectronic devices and methods to 
controlelectronically the high-voltage side of thenetwork 
[1]. FACTS devices can be used forpower flow control, 
voltage regulation, transientstabilityimprovement, and 
damping of poweroscillations. FACTS devices can be of 
shuntor series or combination of shunt and seriestypes [2]. 
The shunt devices can be used forvoltage regulations, 
while series devices canbe used for regulation of line 
impedance andseries-parallel combination can be used 

forreal and reactive power compensation inaddition to 
regulation of voltage and regulationof line impedance [3]. 
The load compensation using statefeedback control of 
DSTATCOM with shunt filtercapacitor gives better 
results [4]. The switching frequency components in the 
terminal voltages and source currents are eliminated by 
using state feedback control of shunt filter capacitor. In 
this situation,DSTATCOM should operate in CCM [5]. 
However, due to grid faults, source voltage (stiff or non-
stiff) can change at any time and then VCM operation is 
required. DSTATCOM regulates the load voltage by 
indirectly regulating the voltage across the feeder 
impedance. When a load is connected to nearly a stiff 
source, feeder impedance will be negligible [6]–[8].Under 
these circumstances, DSTATCOM cannot provide 
sufficient voltage regulation at the load terminal [9].  
This paper proposes a new control algorithm based 
DSTATCOM topology for voltage regulation even under 
stiff source. It is achieved by connecting a suitable 
external inductor in series between the load and the 
source point. Point of common coupling (PCC) will be the 
point where external inductor and source are connected. 
DSTATCOM, connected at the load terminal, provides 
voltage regulation by indirectly regulating the voltage 
across the external inductor [10]. Proposed control 
algorithm to obtain variable reference load voltage is 
formulated as a function of the desired source current 
[11].This voltage indirectly controls the current drawn 
from the source for a permissible range of source voltage. 
Therefore, the control algorithm makes source currents 
balanced, sinusoidal, and in phase with respective source 
voltages during normal operation. During voltage 
disturbances, a constant voltage is maintained at the load 
terminal. Hence, proposed topology and control algorithm 
make compensator multifunctional so that it provides fast 
voltage regulation at load terminal and additionally 
provides advantages of CCM while operating in VCM 
[12]. 

II.BASIC MODEL OF D-STATCOM 
The D-STATCOM system comprises of a VSC,a set of 
coupling reactors (leakage reactance of the transformer) 
and a controller. The DSTATCOMgenerates a 
controllable acvoltage from the Voltage Source Inverter 
(VSI) connected to a dc capacitor (energy storage device). 
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The ac voltage appears behind the transformer leakage 
reactance. The active and reactive power transfer between 
the power system and the DSTATCOMis caused by the 
voltage difference across this reactance. The D-
STATCOM isconnected to the power network at the Point 
of Common Coupling (PCC), where the voltage-quality 
problem is a concern. All required voltages and currents 
are measured and are fed into the controller to be 
compared with the reference. The controller then 
performs feedback control and outputs a set of switching 
signals to drive the main semiconductor switches (IGBTs) 
of the power converter accordingly (Introducing Custom 
Power, 1995). The basic diagram of the D-STATCOM is 
illustrated in Figure 1. 

 
Figure.1. Basic Block Diagram of D-STATCOM. 

III. DSTATCOM CONFIGURATION 
A neutral point clamped voltage source inverter (VSI) 
topology is chosen as it provides independent control of 
each leg of the VSI [7]. A single phase equivalent circuit 
of DSTATCOM in distribution network is shown in Fig. 
2.VSI represented by u V dc is connected to load terminal 
through an LC filter ( 	 ). 

 
Fig.2.Single phase equivalent circuit of DSTATCOM in distribution 

network. 

The load terminal is connected to the PCC through an 
external series inductance Lext. Vdc is the voltage 
maintained across the each dc capacitor and ‘u’ is a 
control variable which can be +1 or -1 depending upon 
switching state. If i, if t, and if c are currents through VSI, 

DSTATCOM and Cfc respectively. Vsand Vtare source 
and load voltages respectively. Loads have both linear 
and nonlinear elements with balanced or unbalanced 
features. Load and source currents are represented by 
Iland is respectively. 

IV. SELECTION OF EXTERNAL INDUCTOR 
Under normal operation, external impedance (Zext) does 
not have much importance, whereas it plays a critical role 
during voltage disturbances. The value of external 
impedance is decided by the rating of the DSTATCOM 
and amount of sag to be mitigated. At any time, the 
source current in anyphase by assuming balanced source 
voltage is given as  

̅ ∠ ∠
   (1) 

Where, Vs, Vt, Rext, Xext, and are rms source voltage, 
rmsload voltage, external resistance, external reactance, 
and load angle respectively.For most practical case 
X >>R . As aworst case design the reactive source 
current (Im [Is]) whichis supplied by the compensator, 
will be maximumwhen isminimum. For this, source will 
supply only losses in the VSI.Therefore,it will be very 
small. Hence, Im[Is] is given as 

̅    (2) 

During voltage disturbances, the aim are to protect the 
sensitive loads with focus is on to improve the 
DSTATCOM capabilityto mitigate deep sag. Therefore, 
keeping it into account, theload voltage during voltage 
sag is taken as 0.9 p.u (per unit) which is sufficient to 
protect the load. Assuming that thereactive current that a 
compensator can inject is 20 A andload needs to be 
protected from sag of 40%, then the value ofexternal 
reactance is found to be 

. .
230 3.45Ω  (3) 

External reactance of 3.45 that corresponds to an 
inductanceof 11mH for a 50 Hz supply is used. 

 
V. PROPOSED CONTROL ALGORITHM 

Proposed control algorithm aims to provide fast 
voltageregulation at the load terminal during voltage 
disturbanceswhile retaining the advantages of CCM 
during normal operation. Firstly, currents that must be 
drawn from the source toget advantages of CCM are 
computed. Using these currents,magnitude of voltages 
that need to be maintained at loadterminal is computed. If 
this voltage magnitude lies within a permissible range 
then same voltage is used as referencevoltage to provide 
advantages of CCM. If voltage lies outside the 
permissible range, it is a sign of voltage disturbance anda 
fixed voltage magnitude is selected as reference voltage. 
Atwo loop controller, whose output is load angle, is used 
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toextract load power and VSI losses from the source. 
Finally, adiscrete model is derived to obtain switching 
pulses. All thesesteps are presented in detail in this 
section. 
A. Computation of Reference Voltage Magnitude (Vt

*) 
During normal operation, load voltage must be 
regulatedin such a way that following advantages 
provided by CCMoperation are achieved: 
1. Source currents are balanced and sinusoidal. 
2. Unity power factor (UPF) at PCC. 
3. Source supply load average power and VSI losses. 
To achieve all aforementioned objectives, 
instantaneoussymmetrical component theory [15] is used 
to get referencesource currents. DSTATCOM makes the 
load voltages balanced and sinusoidal, but still may 
contain some switching harmonics which will give 
unacceptable reference source currentswhen directly used. 
Therefore, positive sequence componentof load voltages 
(v+

ta1, v+
tb1, and v+

tc1) are extracted and usedto compute 
reference source currents (i*

sa, i*
sb, and i*

sc) asfollows:  
∗

∆
	 	    

∗
∆ 	 	    

∗ 	
∆
	 	 	 	   (4) 

Where, ∆+
1=∑ , ,

2, Plavg is average load 
powerand is calculated using a moving average filter 
(MAF). Totallosses in the inverter, Ploss, computed using a 
PI controller,helps in maintaining averaged dc link 
voltage (Vdc1 + Vdc2)at a predefined reference value 
(2Vdcref) by drawing a set ofbalanced currents from the 
source and is given as follows: 

	 	 	 	   (5) 
Where, Kpdc, Kidc, and e = 2Vdcref- (Vdc1 + Vdc2) 
areproportional gain, integral gain, and voltage error of 
the PIcontroller respectively. The reference currents to 
bedrawn from the source are computed using (4), 
referencevoltages at the load terminal can be derived. 
Applying KVLin the circuit shown in Fig.3. 

	 	    (6) 
Source voltage and source current will be in phase for the 
UPFoperation. Also, source voltage is taken as reference. 
Therefore 

	 	 	 ∠ 	. 
From the above equation, the load voltage can be 
computedas follows:  

	 	 	 	 	 	 	 	 (7) 
Based on standards, load voltage has a permissible range 
of variations between 0.9 to 1.1 p.u. Therefore, as long as 
Vt, obtained using (7) lies between 0.9 to 1.1 p.u, is 

usedas reference load voltage (V*
t) and the advantages of 

CCMoperation are achieved. Here, Vt is indirectly 
controlled by the desired source current. During sag and 
swell, the loadvoltage magnitude will be between 0.9 to 
0.1 p.u and 1.1 to1.8 p.u respectively for half cycle to 1 
minute [16]. Therefore, reference load voltage magnitudes 
are set to 0.9 p.u and 1.1 p.u during sag and swell 
respectively. The reason to keepload voltages at these 
values is to maximize the DSTATCOMdisturbance 
withstanding ability while keeping load voltage atthe safe 
limits for satisfactory operation. Therefore, 
followingconclusions can be drawn: 

	 	0.9	 	 	 	 1.1	 u	then	 ∗ 	  
Else If 1.10	pu	then	 ∗ 1.1	pu 

else	if	 0.9	pu	then	 ∗ 	 0.9	pu	 (8) 
B. Computation of Load Angle ( ) 
The block diagram of controller to compute load angle 
isshown in Fig.3. It ensures that the load average power 
andlosses in the VSI are supplied by the source [7]. 
Alternately, Ploss responsible for maintaining dc link 
voltage must be equalto shunt link power Psh. Comparing 
Ploss and Psh, an error isgenerated which is passed through 
a PI controller to compute as follows: 

  
	 	 	 	 	 	      (9) 

Where, and Kiaare proportional and integral gains of 
theinner PI controller respectively. The value of shunt 
link power, Psh, is computed using a MAF as follows: 
 

	 	 	  (10) 

 
Fig.3: Controller to calculate and Ploss. 

A positive value of Psh means power flow from 
DSTATCOM to load terminal, whereas negative value of 
Psh represents power flow from load terminal to 
DSTATCOM. In steadystate, VSI losses are compensated 
by taking power from thesource. Hence, Psh will be 
negative in steadystate.Moreover, capacitor voltage 
decreases from its referencevoltage in steady state. 
Deviation of capacitor voltage fromreference voltage 
represents losses in the VSI. Hence, Ploss will be negative 
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during steady state. Therefore, at all time, Psh and Ploss 
should be equal. Hence, difference of Psh and Ploss should 
be minimized. Output of inner PI controller, shown inFig. 
3, is delta which ensures that shunt link power Psh drawn 
from source equals to losses in the capacitor Ploss. 
C. Generation of Instantaneous Reference Voltage 
By knowing the zero crossing of phase-a source 
voltage,selecting suitable reference load voltage 
magnitude from (8) and computing load angle from (9) 
the three phase referencevoltages are given as follows: 

 
	 √2 ∗ sin	 ѡ 	 	 

	 √2 ∗ sin	 ѡ
2
3

	 	 

	 √2	 ∗ sin ѡ 	   (11) 

Where, 	is the frequency. 
 
 
D. Generation of Switching Pulses 
Each phase of the VSI can be controlled independently 
andhence, a discrete model of single phase has been 
derived togenerate switching pulses. Dynamics of filter 
inductor andcapacitor can be presented by following 
equations:   

	
1

	
1

 

	 	 	 	 	.  (12) 

Matrix representation of (12) is given as follows: 
 

   (13) 
 

	
0

	
 , B = 

0 	

0
 

 
. 	,			 		 	 	. 

Where,(13), given in continuous form, can be represented 
in discretetime form as follows: 

1 	                            (14) 
Where, matrix G and H are given as 

 

 ,     H =  

From (14) capacitor voltage will be 
1 	 	 	

																																																												 . (15) 
The reference voltage, Vtref, is maintained at the load 
terminal. A cost function, J, is chosen as 

J 1 	 1               (16) 

Cost function is  
   

1 	 	 1   (17) 
Finally, reference discrete voltage control law from (15) 
and(17) is given as 
∗ 1 		 (18) 

U*(k) is regulated around a hysteresis band h to 
generateswitching pulses of VSI using hysteresis control. 

 
VI. INDUCTION MOTOR 

 

An induction motor is an example of asynchronous AC 
machine, which consists of a stator and a rotor. This 
motor is widely used because of its strong features and 
reasonable cost. A sinusoidal voltage is applied to the 
stator, in the induction motor, which results in an induced 
electromagnetic field. A current in the rotor is induced 
due to this field, which creates another field that tries to 
align with the stator field, causing the rotor to spin. A slip 
is created between these fields, when a load is applied to 
the motor. Compared to the synchronous speed, the rotor 
speed decreases, at higher slip values. The frequency of 
the stator voltage controls the synchronous speed. The 
frequency of the voltage is applied to the stator through 
power electronic devices, which allows the control of the 
speed of the motor. The research is using techniques, 
which implement a constant voltage to frequency ratio. 
Finally, the torque begins to fall when the motor reaches 
the synchronous speed. Thus, induction motor 
synchronous speed is defined by following equation, 

  (19) 

Where f is the frequency of AC supply, n, is the speed of 
rotor; p is the number of poles per phase of the motor. By 
varying the frequency of control circuit through AC 
supply, the rotor speed will change. 
A. Control Strategy of Induction Motor 
Power electronics interface such as three-phase SPWM 
inverter using constant closed loop Volts l Hertz control 
scheme is used to control the motor. According to the 
desired output speed, the amplitude and frequency of the 
reference (sinusoidal) signals will change. In order to 
maintain constant magnetic flux in the motor, the ratio of 
the voltage amplitude to voltage frequency will be kept 
constant. Hence a closed loop Proportional Integral (PI) 
controller is implemented to regulate the motor speed to 
the desired set point. The closed loop speed control is 
characterized by the measurement of the actual motor 
speed, which is compared to the reference speed while the 
error signal is generated. The magnitude and polarity of 
the error signal correspond to the difference between the 
actual and required speed. The PI controller generates the 
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corrected motor stator frequency to compensate for the 
error, based on the speed error. 

 
 

VII.MATLAB/SIMULINK RESULTS 
Here simulation is carried out in several cases, in 

that 1) Proposed DSTATCOM Topology for PQ 
Improvement Features. 2) Proposed DSTATCOM 
Topology Applied to Induction Machine Drive. 
 
Case 1: Proposed DSTATCOM Topology for PQ 
Improvement Features 
  Proposed Novel Multifunctional Distributed 
Compensation Scheme can mitigate several power quality 
(PQ) problems. In current control mode (CCM), it injects 
harmonic and reactive components of load currents to 
make source currents balanced, sinusoidal, and in phase 
with load voltages. In voltage control mode (VCM), it 
regulates load voltage at a constant value to protect 
sensitive loads from voltage disturbances such as sags, 
swells, transients, and/or fluctuations. However, the 
objectives of these two modes are different and it can be 
Achieveby proposed DSTATCOM. 

 
Fig.4 Mat lab/Simulink Model of Proposed DSTATCOM Topology for 

PQ Improvement Features. 

Figure.4. gives the Simulation model of system with M-
DSTATCOM. In a distribution system with a non-linear 
load connected to the system will generates harmonics. A 
nonlinear load in a power system is characterized by the 
introduction of a switching action and consequently 
current interruptions. This behavior provides current with 
different components that are multiples of the 
fundamental frequency of the system. These components 
are called harmonics. The amplitude and phase angle of a 
harmonic is dependent on the circuit and on the load it 
drives. 

 
Fig.5. Phase-a waveforms before, during, and after load change. (a) 

Load current. (b) Source voltage and source current of Proposed 
DSTATCOM Topology with stiff source. 

 
Initially, a three phase and non-linear load is connected. 
For achieved multifunctional DSTATCOM operation 
there phase fault is connected at source side. And at load 
side an ideal switch breaker is connected. Which is closed 
at t = 0.05 s. Then load is increased but source currents 
are balanced and sinusoidal and CCM mode is achieved. 
It can be seen that both voltage and currents are in phase 
with each other, maintain unity power factor. Increased 
load current will not effect on source performance and 
vice versa. It showed in phase-a, is shown in fig.5 (a).   
 

 
Fig.6.Phase-a: waveforms before, during, and after sag. (a) Source 

voltage and source current. (b) Load voltage of Proposed DSTATCOM 
Topology with stiff source. 

At t = 0.15 s, fault is created by three phase fault at source 
side. But a fast voltage regulation is provided at load side. 
It can be seen in fig.6, here voltage control mode is 
performed. 
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Fig.7 voltage across dc bus 

Fig.7: shows the load angle shows the voltage at dc bus 
which is regulated around 800 V during entire operation. 
 
Case 2: Proposed DSTATCOM Topology Applied to 
Induction Machine Drive 

 
Fig.8. Matlab/Simulink Model of Proposed DSTATCOM Topology for 
PQ Improvement Features with Induction Machine Drive Application. 

Recently, developments in power electronics and 
semiconductor technology have lead improvements in 
power electronic systems. Pulse Width Modulation 
variable speed drives are increasingly applied in many 
new industrial applications that require superior 
performance for controlling the power flow for this 
industrial application requires Facts device, which is 
operated under distribution system is nothing but 
distributed compensation scheme. 
A DSTATCOM is capable of compensating either bus 
voltage or line current. If it operates in a voltage control 
mode, it can make the voltage of the bus to which it is 
connected a balanced sinusoid, irrespective of the 
unbalance and distortion in voltage in the supply side or 
line current.  Similarly when operated in a current control 
mode, it can force the source side currents to become 
balanced sinusoids. 

 
Fig.9.Armature Current, Speed, Electromagnetic Torque. 

 
Fig.9.shows the Armature Current, Speed, and 
Electromagnetic Torque of Proposed DSTATCOM 
Topology for PQ Improvement Features with Induction 
Machine Drive Application. 

VIII.CONCLUSIONS 
In this paper was presented a control scheme for 
DSTATCOMcurrent controlled that was used for voltage 
magnituderegulation at point of common coupling (PCC) 
through reactiveinjection, also it mitigates voltage 
harmonics throughPCC voltage detection. The proposed 
which has superior features over conventional topologies 
in terms of the required power switches and isolated dc 
supplies, control requirements, cost, and reliability with a 
new control algorithm based multifunctional 
DSTATCOM is proposed to protect the load from voltage 
disturbances under stiff source. It has been achieved by 
placing an external series inductance of suitable value 
between the source and the load.Moreover protects the 
Induction machine drive through DSTATCOM under 
power quality concerns with near to optimal features with 
efficient operation. 
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