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Abstract 
The power factor deteriorates due to non-linear loads, interconnected grid system, amplitude disturbances and wave 
shape disturbances. A low power factor system draws high internal current causing excessive heat. It requires heavier 

equipments to absorb internal energy requirements. Also large penalty is imposed on low power factor consumers. So 

power factor should be improved in order to get rid of the above problems. In this paper, a shunt connected Flexible AC 

Transmission Systems (FACTS) device such as Static Compensator (STATCOM) is used to improve the power factor 

by compensating the reactive power required by the load.  ©2014 Science Front Publishers 
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1. Introduction 
 

Power factor is the product of distortion factor and 

displacement factor. So in order to improve power factor we 

need to improve both. Distortion factor can be improved by 

filtering out the harmonics where as displacement factor can be 

improved by using compensating devices. Previously the 

classical methods like synchronous condenser, capacitor banks 

were used for compensating reactive power but having a 

number of disadvantages [1]. The reactive power (VAR) 

compensation and control have been recognized [2-6] as an 

efficient and economic means of increasing power system 

transmission capability and stability. The FACTS (Flexible AC 
Transmission Systems) devices such as STATCOM (Static 

Compensator) have been introduced [6-8] more recently which 

employs a VSC (voltage source converter) with a fixed DC link 

capacitor that provides the required VAR control [9-11], with a 

rapid control of bus voltage and improvement of utility power 

factor[12-16]. 

  

2. Modeling and Analysis 

Operating Principles 

The STATCOM is a shunt-connected device in which output 

current is controlled independent of variation of ac system 

voltage. The STATCOM is a voltage-source converter (VSC)-

based device which maintains the bus voltage by injecting a 
variable ac current through a transformer and generates real 

(when power storage device is available) and reactive power at 

its ac terminals. This enables more robust voltage support. This 

device needs to be installed as close to the sensitive load as 

possible to maximize the compensating capability. 

 

 

 

 

Figure-1 STATCOM model 

 

In most cases, the DC voltage support for the VSC will be 

provided by the DC capacitor of relatively small energy storage 

purpose. Therefore, in steady state condition, the active power 

exchanged with the line has to be maintained at zero as shown 

in figure 1. The angle between the 3-phase system voltage �� 

and STATCOM output voltage Vo  is �. When the STATCOM 

operates with �=0, the active power sent to the system device 
becomes zero while the reactive power will mainly depend on 

the voltage module. If Vo > ��, the reactive power will be sent to 

the 3-phase system from STATCOM (capacitive operation), 

causing a current flow in this direction. In the reverse case, the 

reactive power will be absorbed from the system through the 

STATCOM (inductive operation) and the current will flow in 

the opposite direction. Finally if the modules of �� and Vo are 
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equal, there won’t be either current or reactive flow in the 

system. 

System Model 

The modeling of the STATCOM is carried out under the 

following assumptions: 

• All switches are ideal 

• The source voltages are balanced 

• The harmonic contents produced by switching action are 
negligible    

 

 

 

 

 

 

 

Figure 2: Main circuit diagram of statcom 

     

The 3-phase system voltage ����� lagging with the phase angle � to the STATCOM output voltage ����� and differential form 

of the STATCOM currents are defined in (1) and (2). 

�����= 	��
������ 
 = ��� �� � sin�ωt �  α�sin�ωt � α � ��� �sin�ωt � α � ��� ��                  (1) 

The STATCOM current is governed by the following 

equations. 

            

              �� �� 	!�
!��!�� 
= -"� 	!�
!��!�� 
 + 	��
������ 
-	V$%V$&V$' 
                       (2) 

The switching function S of the STATCOM is defined as         

S = 	(
(�(� 
 =��� )� � sin�*+�sin�*+ �  �,� �sin�*+ � �,� ��                                     (3) 

 Where )� is the modulation index.  

 

 

 The mathematical model of the STATCOM in d-q frame is 

obtained as given below. 

   
�� -!���+�!�.�+�����+�/=

011
12� 3454 * � 6�54�* � 3454 06�89� 0 0 :;;

;< -!���+�!�.�+�����+�/ + 
=454 > cos �� sin �0 A     (4) 

 

Steady State Analysis  

In the steady state operation, all the d-q variables are denoted 

as steady state variables. The steady state responses of active 

cdI  and reactive
cq

I , current components of the STATCOM 

and DC-link voltage  ���  are obtained on variation of ‘�’ in the 

interval of -5° to +5°. The detailed steady state responses with 
the Table.1 are given below and responses suggest the static 

and dynamic conditions of the STATCOM. 

TABLE.1 

SI No. 
STATCOM PARAMETERS 

Parameters Values 

1 Frequency      50 Hz 

2 Angular Frequency        314 rad/sec 

3 RMS Line to  Line voltage       415 V 

4 Coupling Resistance       1.0 ohm 

5 Coupling Inductance       5.0 mH 

6 DC-Link Capacitor      500 uf 

7 Modulation Index       0.979 

8 Phase Angle D 5E 

9 Load Resistance        52 ohm 

10 Load Inductance         126 mH 

11 Load Power Factor          0.79 

 

3. Design of Controllers 
 

The voltages and currents given in the equation (1) and (2) are 

transformed in to d-q frame as follows 

         
oqsqcdscqscqs

vviLiRi
dt

d
L −+−−= ω)(            (5a) 

         
odsdcdscqscds

vviRiLi
dt

d
L −+−= ω)(               (5b) 

The equation (5) can be modified as given in equation (6) 

















−







+



























−

−−

=








od

oq

sd

sq

scd

cq

s

s

s

s

cd

cq

v

v

v

v

Li

i

L

R

L

R

i

i

dt

d 1

ω

ω

(6) 



Kar et al. Journal for Foundations and Applications of Physics , vol. 1, No. 1 (2014) 

7 

 

So the equation (6) is a Multiple Input and Multiple Output 

(MIMO) system and its input and output are given in equation 

(7) 
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     The active and reactive currents are coupled with each other 

through the reactance of the coupled inductor. So it is very 

essential to decouple the active and reactive current from each 
other and design the controller for getting the required value. 

Design of current controller 

This strategy attempts to decouple the d and q axes equations, 

so that the MIMO system reduces to two independent Single 

Input Single Output (SISO) systems. Hence, the control inputs 

odv  and 
oq

v  are configured as, 

sqcdsoqoq viLvv +−−= ω*
 

(8)

sdcqsodod viLvv ++−= ω*
 

The equation (9) given below can be obtained by replacing (6) 

by (8) which is independent of each other and thus defines an 

independent SISO system. 
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 The transfer function of a PI controller is, 
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Design of voltage controller 

Relation between dc voltages dcv and dc current dci  is,    

       ∫= dti
C

v
dcdc

1
                  (12) 

The transfer function can be written as 

sCI

V
sG

dc

dc
v

1
)( ==         (13) 

Neglecting the power loss in the source resistance and power 

losses in the switches, balancing the power on both sides, 

dcdccdsd iviv =          (14) 

From the above equation we have, 
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The value of K can be determined from root locus as follows 
21015.0,15.0 ×== ivpv KK  

 

 

 
4. Simulations Results 

 
The control scheme for DC link voltage, capacitor current, 

converter voltage, STATCOM current and steady state 

responses are obtained with MATLAB/SIMULINK with the 

parameters given in Table 1. 

A. DC Link Voltage 

The source current is regulated by the DC link voltage in the 
grid system. So the DC link voltage is kept constant across the 

capacitor. On increasing the magnitude of DC link voltage, the 

overshoot of all signals decreases.   

 

Figure-3   DC Link Voltage 

B. Capacitor Current 

The current through the DC link capacitor indicates the 

charging and discharging operation. The DC link capacitor 

contains the input ripple current of the converter and acts as the 

main reactive energy storage element. 
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Figure-4 Capacitor current 

C. STATCOM Current 

When STATCOM controller is made ON, without changing 

any other load parameters, it starts to diminish for reactive 
demand as well as harmonic current. If the STATCOM devices 

are able to switch fast enough, it can also be used to inject 

harmonic currents in to the mains and operated as an active 

harmonic filter. 

 

 

Figure-5  STATCOM current 

Converter Voltage 

By increasing the amplitude of the STATCOM terminal 

voltage, ��
, above the amplitude of the utility voltage ��
 

causes leading (capacitive) current F�
 to be injected to the 

system. 

 

 

Figure-6 Converter voltage 

Steady state Analysis 

  On variation of ‘ �’ in the interval of -5° to + 5°, the following 
steady state responses are obtained and given in Figure-

7(a),7(b) and 7(c). F�. Varies linearly according to ‘G’. The 

steady state value of the ���  decreases as the value of 

modulation index increases. The reactive power has a linear 

variation according to ‘�’. The active power always exists to 

cover the losses in the system and to maintain the DC-link 

voltage at the operating level. 

 

 

 

Figure 7(a) Active and reactive component of current 
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Figure 7(b) DC link voltage 

 

 

Figure 7(c) Active and reactive component of power 

 

Grid Phase A Voltage and load Phase A current 

 Fig. 8 shows phase A load current lags behind the grid phase A 

voltage due to nonlinearity nature of load. The power factor in 

this case is 0.79. 
 

.  

Figure 8 Grid phase A voltage and load phase A current 

 

Grid Phase A Voltage and STATCOM Phase A current:- 

 Figure 9 shows the grid phase A voltage and STATCOM 

phase A current. By injecting the STATCOM current to the 

load improves the power factor. 

 

Figure 9 Grid phase A voltage and STATCOM phase A current 

 

Grid Phase A Voltage and Phase A current:- 

Figure 10 shows the grid phase A voltage and phase A current 

with unity power factor.  
 

 

Figure 10 Grid phase A voltage and phase A current 

5. Conclusion 
This paper presents the design, modeling and analysis of 

STATCOM based control method for improving power factor. 

It uses PWM technique for switching strategy. Root locus 

method is used to find the controller parameters in DC voltage 

controller. The operation of the control system for the 

STATCOM is performed in MATLAB/SIMULINK. 

STATCOM cancels out the harmonic parts of the load current. 

It is seen that the STATCOM acts as a controlled reactive 

current source while compensating for internal losses and 

maintaining the dc bus voltage to a reference value. Thus it can 

improve power system performance. 
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