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Abstract— this paper present aims to about the performance 

of D-STATCOM, to mitigate voltage sag, hence improve 

the power quality of the power system. Various loads like 

Starting of induction motor, Transient fault & Arc furnace 

will create voltage sag in the power system, by using D-

STATCOM, this paper simulation models for the mitigation 

of voltage sag due to above mentioned causes are done & 

maintain the voltage profile using MAT-LabR-2011a 

software. 
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I. INTRODUCTION 

Today there is a great need to improve power Quality and 

maintaining Reliability of highly complex & interconnected 

power system. As many private players have entered in 

power transaction business that creates harm to the security 

of power system. Power quality is the main concern at 

supplier side as well as costumer side. The power quality 

issues like voltage/current waveform distortion, poor load 

power factor, variation in the voltage for long as well as 

short durations etc. As we all know there is an exponential 

raise noticed in nonlinear load in power distribution network 

due to advances in power electronics technology. At 

domestic level we use to appliances like computers, 

television, compact fluorescent tube light, Electronics choke 

and at industrial level, we are using un-interrupted power 

supply, Switch mode power supply, variable speed drives, 

these all are sort of nonlinear loads. These lead to increase 

harmonics distortion in voltage & current. Three phases to 

single phase conversion for domestic supply will again 

create unbalancing in voltages. This above mentioned two 

factors, Harmonics distortion & unbalanced voltage supply 

is fed to induction motor it affects motor’s performance to 

the great extent. IEEE 519 standard recommends that the 

harmonics in current & voltage waveform should not exceed 

to 5%. It is necessary to control the power flow in 

transmission & distribution networks. Previously, few 

conventional approaches are adopted like 

1) Automatic generation control 

2) Excitation (flux) Control 

3) Phase shifting transformer 

4) Tap changers 

As the power electronics advances these conventional 

approaches are absolute from practices due to slow 

response. 

II. EXCURSION TO FACTS 

Now on the contrary with the rapid development in power 

electronics based devices, popularly known as FACTS 

controllers, which provides promising pattern of future 

power system. FACTS are defined by the IEEE as “a power 

electronic based system & other static equipment that 

provide control over one or more transmission system 

parameters to enhance controllability & increase power 

transfer capability”. [B].  

Power flow in lossless power system can be given as: 

POWER TRANSFER FROM BUS-i TO BUS-k given by

 

Where Vi and Vk are the voltage magnitudes of 

buses i and k, Xik is the line reactance and δi-δk =δik is the 

difference angle between phasor Vi and Vk . In normal 

power system operation, δik is small and the voltage 

magnitudes are typically 1.0 p.u. We can therefore easily 

decouple the active and reactive power controls from each 

other. While the active power flow is influenced by δik and 

Xik, the reactive power flow is related to the magnitude of 

(Vi -Vk) and Xik. Fig. 2 shows the active power flow 

equation between two buses i and k and it is the variables 

that can be controlled by each FACTS device. By providing 

midpoint compensation we can double the active power 

transfer capability at half the Value of δik & if we apply 

equal area criteria we can say thus we can improve the 

transient & steady state stability of the system 

 

Fig. 1: FACTS controller 

Now a day’s FACTS controllers are becoming 

more & more popular due to fast response & reduction in 

cost due to power electronics advancement .As per 

the type of connection between FACTS controller & system 

bus they are classified as 

1) Shunt controllers such as SVC and STATCOM 
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2) Series controllers such as TCSC and SSSC 

3) Combined shunt-series controllers such as UPFC 

4) Series –Series Controllers Such as IPFC 

Basically Series & shunt VAR compensator are 

used to natural electrical characteristics of electrical power 

systems. The series compensation modifies the transmission 

or distribution system parameters , while shunt 

compensation changes equivalent impedance of the load, 

mainly series controller will injects voltages , while shunt 

controller injects current in the system. [B] 

III. POWER QUALITY 

Power Quality simply define in IEEE 1100 as, “The concept 

of powering & grounding sensitive electronics equipment in 

a manner suitable to the equipment” it also defines as, “ set 

of electrical boundaries that allows a piece of equipment to 

function in intended manner without any significant loss of 

performance or life expectancy power quality simply means 

if equipment operates correctly & reliably without being 

damaged or stressed , we would say the electrical power is 

of good quality, on other hand , if electrical equipment 

malfunction or operate un reliably & damaged, we would 

suspect that power quality is poor. Thus power quality 

broadly refers to maintaining sinusoidal waveform of 

voltage & current at rated magnitude & frequency. The 

power quality issues are Power frequency variation, Supply 

voltage distortion, Unbalanced load, DC offset on load 

voltages, Notching in load voltages, Harmonics contain in 

load, Poor load power factors Waveform Distortions, 

Transients, Short duration voltage variation Long duration 

voltage variation. 

 Power quality prime issues A.

1) Due to reactive power following effects arises 

2) Voltage Sag 

3) Voltage Swell 

4) Voltage outage (Interruption) 

5) Transient 

6) Notches 

7) Harmonics 

IV. VOLTAGE SAG 

As Per IEEE standards 1159-1995 ,recommended practices 

for power quality is “Decrease in RMS value of voltage or 

current at power frequency for duration from half cycle to 

one minute, reported variation between 1 P.U. to 0.9 P.U. 

Longer periods of low or high voltage are referred as 

“Under voltage” or “over voltage”.[A] 

The Voltage sag or Dip is caused by abrupt 

increase in reactive loading such as switch on the motors, 

switch on the transformer, severe short circuit fault 

 

Fig. 2: Voltage Ratio 

Voltage sags are most common power 

disturbances; It contributes more than 80% of power quality 

problems. Voltage sags are not tolerated by sensitive 

equipment used in used in industrial plants such as process 

controllers, programmable logic controllers [PLC], 

Adjustable speed drives [ASD] and robotics. It has been 

reported that high intensity discharge lamps used for 

industrial illumination get extinguished at voltage sag of 

20%, the other equipment’s like PLC & ASD are adversely 

affected by 10% of voltage sag.[9] 

The voltage sag is more severe at rural areas, where 

voltage profile is always very low & almost all the 

agriculture pumps used induction motor, which is started by 

Direct on line starter, which leads to have high starting 

inrush current & that results in to burning of induction 

motor due to low voltage & it imposed additional financial 

burden to poor people. 

V. D-STATCOM 

 Definition A.

When Static Var compensator is used in low voltage 

distribution line either to generate or absorb the reactive 

power is known as DSTATCOM 

 

Fig. 3: Single line diagram 

The STATCOM is a promising device to mitigate voltage 

sag & elimination of harmonics from the complex power 

system. Thus it can control the reactive power by either 

absorbing or injecting reactive power. 

VI. BASIC CONFIGURATION 

Mainly it is shunt connected compensator. It has three parts 

[A]Charged D.C. Capacitor [B] Voltage source inverter 

(IGBT based) [C] Filters [D] inductive coupling [A] As 

figure 4 indicates charged capacitor will behave as D.C. 

source That will supply power to three phase line through 

Voltage Source Inverter. [B] By voltage source inverter this 

D.C. supply is converted into three phase supply by 

supplying pulses to Insulated gate bi junction transiter 

[IGBTS] [C]Filters are used to avoid switching ripples , 

which are produces due to switching of IGBTs. 

 

Fig. 4: DSTATCOM connection with three phase line 
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Fig. 5: voltage source converter 

VII. OPERATION OF STATCOM 

The D.C. Capacitor is used as an energy source, This D.C. 

voltage is converted into three phase through voltage source 

inverter. The switching of IGBT is done by PWM technique. 

Switching ripples can be damped by providing filters When 

STATCOM voltage [Vi] is higher than [Vs] system voltage, 

Then it will feed the reactive power to the system & When 

Vi<Vs. , then system will supply reactive power to charge 

the capacitor. When Vs is equal to Vi, then STATCOM is in 

floating state. 

 

Fig. 6: Operation of DSTATCOM 

VIII. CALCULATION & MODELLING OF THE 

SYSTEM 

 System representation & It’s P.U. Diagram A.

Figure 7 indicates single line diagram of my system under 

consideration. The approximate model is prepared. The 

Total distance from Generating station to substation is 

33Km. A Generator of 110MVA, 11KV is supplying power 

to 14Km long transmission line made of GAP Conductor, 

then after 5 Km long cable is connected in between & then 

further 14 KM long transmission line is there , thus total 

distance is 33KM. For cable, The value for resistance at 

400C is 0.0415ohm/Km & capacitive reactance is 

0.13ohm/km & for transmission line resistance 400C is 

0.03265 ohm/km & inductive reactance =0.06439 ohm/km. 

For Generator XP.U =18% FOR 110MVA & For generating 

transformer XP.U =11.93% for 140MVA& For Distribution 

transformer XP.U=12.43% 

 

Fig. 7: P.U. Diagram 

To make the transfer function , that actual system is 

converted into P.U. system .Taking Base MVA= 200MVA 

&Base KV is 132/√3. 

 Calculations B.

Over-load transmission line:-  

RD.C at 20°C=0.1179 Ω /Km, now the value of temperature 

co-efficient at 0°C, α0 =0.0039 Ω / 0°C, 

R40=01179 [1+ (0.0039)20] =0.12709 Ω/Km 

RA.C. =1.6* RD.C= 1.6*[0.1271] =0.2033 Ω/Km 

Inductive reactance=XL=0.401 Ω/Km 

Now Z (BASE)= (KVBASE)^2 / MVA BASE , 

Z (BASE) =(132/√3)^2 / 200 =29.04 Ω 

Now overhead transmission line is divided into two half of 

14KM & in between a cable of 05 KM is connected so 

actual impedance for 14KM line 

R total= 0.2033 *14 = 2.85 Ω & Xl =0.401 *14 = 5.614Ω 

Z ACTUAL = 6.29 ∟63.08° 

Z P.U. = Z ACTUAL / Z (BASE) 

Now Z P.U. = 6.29/29.04 = 0.2166 ∟63.08°  

So R1P.U + j XL1P.U = 0.098 + j0.1931 

CABLE:- 

Same calculations can be conducted on cable, 

Resistance of the cable is 0.0415 Ω/KM & capacitive 

Reactance is 0.13 Ω/KM & its length is 05 km  

So total resistance & reactance for 05 km length is 0.2075 - 

j0.65 

Now, ZP.U. = ZACTUAL / Z(BASE) 

ZP.U. = 0.00714 – j0.2238 

Generator:- 

The capacity of generator is 110 MVA & Percentage 

reactance is 0.18 

X P.U. = (200/110)*0.18 = 0.3272 P.U 

Generating transformer:- 

In this system we have generating transformer 

 [132000 /11000] of 140MVA with 11.93% reactance 

So X P.U. = (200/140)*11.93=0.1704 P.U 

At substation 30MVA 132000/11000 KV is connected, 

which is supplied to H.T consumer. 

X P.U.= (200/30)*0.1243 =0.8286 P.U 

For load:- 

As most of H.T consumer have to maintain their power 

factor up to 0.9, otherwise if they violate the limit, then 

penalty will be imposed by power system authority , so HT 

consumer do have auto power factor correction panel locally 

, Now 30MVA load at 0.9 power factor,  

 L    
[  ]

   

 

=11*11/30 = 4.033 

As We have base impedance of 200MVA so 

 P.U values =4.033* (200/30) = 26.89 ∟25.840 

RLP.U + jX LP.U = 24.20 + j 11.72 
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Fig. 8: Circuit Diagram 

Now the value of inductance & capacitance is calculated & 

this figure will indicate that simplified Diagram 

 

Fig. 9: Circuit Diagram 

As per the definition of the transfer function, it is define as 

ratio of Laplace transform of output to Laplace trance form 

of input. 

Vo(s)/Vi(s) =   (s)[R2+S L2] /  

                         (s){[R2+SL2] +[R1+SL1+1/SC1] 

If we substitute the value of each element in above equation 

then we get, 

Vo(s)/Vi(s) =0.8725* S*[S+648.79] / [  +570.83 

S+1647.25] 

If we find poles & zero, then zero are at s=0 & s=648.79, 

While poles are s= -2.90044, s= -567.9295, 

If we compare this transfer function, with standard equation 

 C(s) /R(s) =(
     

  
)+2 Wn+    

Wn=40.59 rad/sec & zita[ξ]=7.03, as the value of Zita is 

greater than one, it indicates over damped system. 

Now The system is checked on various controllers & PI 

Controller is selected because being a best one. 

IX. VARIOUS CONTROLLERS 

After deriving transfer function of cited system, it’s 

behavior is checked using various controllers First I have 

started with PI Controller, Step Input[1/S] at 0.5second is 

given to them system & behavior is observed , for C.R.O. is 

connected, which shows the waveforms of input signal , 

error signal & output signal. 

X. PI CONTROLLER 

 

Fig. 10: Controller 

Parameters:- 

Kp =1.3289 

Ki =13.2020 

Response:- 

As per the following response waveforms , after the 

application of step input within 02seconds the steady state 

error becomes zero & reference value is attained by output. 

 

Fig. 11: Output Ratio 

 Control Strategy for Voltage Sag Mitigation A.

To mitigate voltage sag , the following figure will indicate 

the control strategy, At Start through positive sequence 

analyzer. The positive sequence comparator will give output 

in P.U, The comparator compares the value with the 

reference [1P.U.], and Then the error is fed to PI Controller. 

This PI controller will generate actuating signal , which is 

multiplied by Pi/180, thus we can convert the sag in to 

angel[Radians, Ø].Now one clock signal is created & Added 

it with the angel through comparator. Now it is [Wt+ Ø]. As 

with the addition & subtraction of 2π/3, it can be converted 

into [Wt+ Ø- 2π/3] & [Wt+ Ø +2π/3].Then sin function is 

taken & that will pass through triangular wave, which create 

pulses for IGBTs of VSC. 

 
Fig. 12: Voltage sag circuit diagram 

 

Fig.  13: Simulation & Results 
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 Simulation circuit without D-STATCOM   B.

 

Fig. 14: Circuit Simulation without D-STATCOM 

 Waveform of Transient Fault C.

 

Fig. 15: Waveform of Transient Fault 

 Voltage Sag Mitigation by D-Statcom Connected At D.

common Point Of Coupling [11kv]: 

Now in our case generator will generate the voltage at 

11KV, Then it will be step-up to 132KV by generating 

transformer then power will transmitted to receiving station 

far away at 33km through transmission line & At receiving 

substation , it will step –down to 11Kv. 

 Simulation Circuit Diagram For The Mitigation Of Sag E.

By Arc Furnace & Fault 

 

Fig. 16: Circuit Diagram 

 

 Waveform of voltage in P.U. F.

 

Fig.  17: waveform of voltage 

XI. CONCLUSION 

As in this paper, i have power quality issues Mitigation 

Voltage Sag, which are responsible for voltage sag like High 

magnetic inrush of induction motor, Transient fault & Arc 

furnace, By connecting D-STATCOM at a point of common 

coupling [PCC], we can provide the required compensation 

immediately, due to its rapid response characteristic & we 

can easily maintain voltage profile at a desire level. By this 

we can also avoid propagation of voltage sag on entire 

system. As we all know due to advancement in power 

electronics devices .As on today, D-STATCOM is STAT 

OF ART technology for INDIA, but within a short time it 

will become necessity to connect it at P.C.C.to mitigate the 

severe power quality issues. 
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