
International Journal of Research in Advent Technology, Vol.4, No.1, January 2016 
E-ISSN: 2321-9637 

Available online at www.ijrat.org 
  

16 
 

Power Quality Improvement in A Multi Machine System 
using a STATCOM 

 
Archana N. 1, Vidhyapriya R. 2, Ashok Kumar L. 3, Berose Abdul Kadar A 4 

1 Assistant Professor, Department of Information Technology  
2 Professor, Department of Information Technology  

3 Professor, Department of EEE 
 

4 PG Scholar, Department of EEE 
PSG College of Technology 

Email: archana.nathan31@gmail.com 
 
 

Abstract-Power quality plays a vital role in industries as well as in transmitting the generating power to the utility. It is 
necessary to minimize the power quality issues such as power losses, harmonics, power factor and reactive power flow 
through the transmission line. This paper is concerned with the power quality improvement in a multi machine system 
using a FACTS based STATCOM device with a wind turbine (WT) connected to the grid. This helps to maintain the 
voltage stability and also improvement in the power factor and harmonic reduction in the source and load side. Injection of 
the wind power into an electric grid affects the power quality. The performance of the wind turbine and thereby power 
quality are determined on the basis of measurements and the norms followed according to the guidelines specified in 
International Electro-technical Commission standard, IEC-61400. The influence of the wind turbine in the grid system 
concerning the power quality measurements are the active power, reactive power, variation of voltage, flicker, harmonics, 
and electrical behavior of switching operation and these are measured according to national/international guidelines. The 
paper study demonstrates the power quality problem due to installation of wind turbine with the grid. In this proposed 
scheme Static Compensator (STATCOM) is connected at the point of common coupling to mitigate the power quality 
issues. The STATCOM control scheme for the grid connected wind energy generation system for power quality 
improvement is simulated using MATLAB/SIMULINK in power system block set. The effectiveness of the proposed 
scheme relives the main supply source from the reactive power demand of the load and the induction generator. The 
development of the grid co-ordination rule and the scheme for improvement in power quality norms as per IEC-standard 
on the grid has been presented. 
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1. INTRODUCTION 
During past decades there was no consideration about 

the power quality issues and there is no usage of power 
electronic devices but nowadays it plays a vital role due to 
its simplicity and flexibility. In most industries Intelligent 
Electronic Devices (IED) are used and hence there is a 
possibility of harmonics generated in power system 
network. To avoid this problem properly designed filter 
can be used but this depends on the type of load and tends 
to change the load angle, thereby affecting the power 
factor. In the distribution side one of the most important 
effect is the flow of reactive power through the 
transmission line, affecting the system performance and 
reducing the efficiency of the system. 

Injection of the wind power into an electric grid affects 
the power quality. The performance of the wind turbine 
and thereby power quality are determined on the basis of 
measurements and the norms followed according to the 
guideline specified in International Electro-technical 

Commission standard, IEC-61400. The influence of the 
wind turbine in the grid system concerning the power 
quality measurements are-the active power, reactive 
power, variation of voltage, flicker, harmonics, and 
electrical behavior of switching operation and these are 
measured according to national/international guidelines.  

 
The paper demonstrates the power quality problems 

due to installation of wind turbine with the grid. In this 
proposed scheme STATCOM is connected at the point of 
common coupling to mitigate the power quality issues. 
The battery energy storage is integrated to sustain the real 
power source under fluctuating wind power. 
There has been an extensive growth and quick 
development in the exploitation of wind energy in recent 
years. The individual units can be of large capacity up to 2 
MW, feeding into distribution network, particularly with 
customers connected in close proximity. Today, more than 
28 000 wind generating turbine are successfully operating 
all over the world. In the fixed speed wind turbine 
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operation, all the fluctuation in the wind speed are 
transmitted as fluctuations in the mechanical torque, 
electrical power on the grid and leads to large voltage 
fluctuations. During the normal operation, wind turbine 
produces a continuous variable output power. These power 
variations are mainly caused by the effect of turbulence, 
wind shear, and tower-shadow and of control system in the 
power system. Thus, the network needs to manage for such 
fluctuations. The power quality issues can be viewed with 
respect to the wind generation, transmission and 
distribution network, such as voltage sag, swells, flickers, 
harmonics etc. However the wind generator introduces 
disturbances into the distribution network. One of the 
simple methods of running a wind generating system is to 
use the induction generator connected directly to the grid 
system. The induction generator has inherent advantages of 
cost effectiveness and robustness. However induction 
generators require reactive power for magnetization. When 
the generated active power of an induction generator is 
varied due to wind, absorbed reactive power and terminal 
voltage of an induction generator can be significantly 
affected. A proper control scheme in wind energy 
generation system is required under normal operating 
condition to allow the proper control over the active power 
production. In the event of increasing grid disturbance, a 
battery energy storage system for wind energy generating 
system is generally required to compensate the fluctuation 
generated by wind turbine. A STATCOM- based control 
technology has been proposed for improving the power 
quality which can technically manages the power level 
associates with the commercial wind turbines. The 
standard norms are specified: 
1) IEC 61400-21: Wind turbine generating system, part-21. 
Measurement and Assessment of power quality 
characteristic of grid connected wind turbine 
2)IEC61400-13:Wind Turbine measuring procedure in 
determining the power behavior. 
3) IEC 61400-3-7: Assessment of emission limit for 
fluctuating load IEC 61400-12: Wind Turbine 
performance. 
 
The proposed STATCOM control scheme for grid 
connected wind energy generation for power quality 
improvement has the following objectives [1]: 
•   Unity power factor at the source side. 
• Reactive power support only from STATCOM to wind              

Generator and Load. 
• Simple bang-bang controller for STATCOM to achieve 

fast dynamic response. 
 
2. IMPACT OF NON LINEAR LOADS 
Due to the impact of the nonlinear loads it causes the 
issues like harmonics, voltage variations. The harmonic 

results due to the operation of power electronic converters. 
The harmonic voltage and current should be limited to the 
acceptable level at the point of wind turbine connection to 
the network. To ensure the harmonic voltage within limit, 
each source of harmonic current can allow only a limited 
contribution, as per the IEC-61400-36 guideline [2]. The 
rapid switching gives a large reduction in lower order 
harmonic current compared to the line commutated 
converter, but the output current will have high frequency 
current and can be easily filter out. The way of connecting 
the wind generating system into the power system highly 
influences the power quality. Thus the operation and its 
influence on power system depend on the structure of the 
adjoining power network. The voltage variation issue 
results from the wind velocity and generator torque. The 
voltage variation is directly related to real and reactive 
power variations.  
 
 
The voltage variation is commonly classified as under: 
• Voltage Sag/Voltage Dips. 
• Voltage Swells. 
• Short Interruptions. 
• Long duration voltage variation. 
The voltage flicker issue describes dynamic variations in 
the network caused by wind turbine or by varying loads. 
Thus the power fluctuation from wind turbine occurs 
during continuous operation. The amplitude of voltage 
fluctuation depends on grid strength, network impedance, 
and phase-angle and power factor of the wind turbines. It 
is defined as a fluctuation of voltage in a frequency 10–35 
Hz. The IEC 61400-4-15 specifies a flicker meter that can 
be used to measure flicker directly. The voltage variation, 
flicker, harmonics causes malfunction of equipments like 
microprocessor based control system, programmable logic 
controller; adjustable speed drives, flickering of light and 
screen. It may lead to tripping of contactors, tripping of 
protection devices, stoppage of sensitive equipments like 
personal computer, programmable logic control system 
and may stop the process and even can damage of sensitive 
equipments. Thus it degrade the power quality in the grid 
[3]. 
 
3. THREE MACHINE NINE BUS SYSTEM 
In many of the case studies, the testing has been done on a 
single machine system with respect to grid based wind 
energy system. The main aim of this three machine nine 
bus system is to study the power stability under different 
faults and the configuration of three machine nine bus 
system is shown in fig 1. The STATCOM is connected to 
the system to achieve the voltage stability with respect to 
the point of common coupling. Considering nonlinear load 
having constant impedance, the power factor tends to vary. 
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By connecting STATCOM  at any of the buses with 
respect to PCC it may suppress the reactive power or it 
injects the reactive power based on the requirements [7]. 

 
Fig 1. Multi machine system with constant impedance load 

 
4. POWER SYSTEM STABILITY 
Power system stability is the ability of the system, for a 
given initial operating condition, to regain a normal state 
of equilibrium after being subjected to a disturbance. 
Stability is a condition of equilibrium between opposing 
forces; instability results when a disturbance leads to a 
sustained imbalance between the opposing forces. 
The response of the power system to a disturbance may 
involve much of the equipment. For instance, a fault on a 
critical element followed by its isolation by protective 
relays will cause variations in power flows, network bus 
voltages, and machine rotor speeds; the voltage variations 
their individual characteristics. Further, devices used to 
protect individual equipment may respond to variations in 
system variables and thereby affect the power system 
performance. A typical modern power system is thus a 
very high-order multivariable process whose dynamic 
performance is influenced by a wide array of devices with 
different response rates and characteristics. Hence, 
instability in a power system may occur in many different 
ways depending on the system topology, operating mode, 
and the form of the disturbance. In order to determine the 
stability status of the power system for each contingency of 
any disturbance occurs in power system, many stability 
studies are defined. Power system stability analysis may 
involve the calculation of Critical Clearing time (CCT) for 
a given fault which is defined as the maximum allowable 
value of the clearing time for which the system remains to 
be stable. The power system shall remain stable if the fault 
is cleared within this time. However, if the fault is cleared 
after the CCT, the power system is most likely to become 
unstable. Thus, CCT estimation is an important task in the 
transient stability analysis for a given contingency. In this 
paper for the Transient Stability Analysis, an IEEE 9 Bus 
system is considered [5]. 
Critical clearing time (CCT) in a way measures the power 

systems Transient stability. It denotes the secure and safe 
time margin for clearing the contingency, usually three-
phase ground-fault. The larger the value of CCT, the 
power system has ample time to clear the contingency. 
CCT depends on generator inertias, line impedances, grid 
topology, and power systems operating conditions, fault 
type and location. For a single machine infinite bus power 
system, CCT calculation is straightforward. While for the 
case of multi-machine power systems, CCT is always 
obtained by repeating time-domain simulations, and hence 
the evaluation of CCT can only be done off-line [6]. The 
Load Flow study and transient stability study is discussed 
and performed for the IEEE-9 bus test system. The 
configuration of  three machine nine bus system is shown 
in Fig 2. 
 

 
Fig 2. Three machine nine bus system [3] 

 
5. STATCOM PRINCIPLE 
The Static Synchronous Compensator is a shunt-connected 
reactive power compensation device that is capable of 
generating and/or absorbing reactive power at a given bus 
location and in which the output can be varied .It consists 
of a step-down transformer  with leakage reactance , a 
three phase voltage source converter (VSC), and a DC 
side-capacitor. The AC voltage difference across the 
interface transformer leakage reactance XT produces 
reactive power exchange between the STATCOM local 
bus and the power system bus at the point of shunt 
interface. 
When the supply voltage is greater than that of grid 
voltage it supplies the reactive power in other words we 
can say that it acts as a capacitive mode of operation and 
also supply voltage is less than that of grid voltage means 
it absorbs the reactive power In other words we can say 
that it act as inductor mode of operation. 
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Fig. 3.STATCOM  principle diagram 

 
The exchange of reactive power can be controlled by 
varying the amplitude of Es. If  Es>Et, the reactive power 
flows from the VSC STATCOM to AC system (Capacitive 
Operation). If  Es<Et, the reactive power flows from the 
AC system bus to the converter (Inductive Operation). If 
Es = Et, only a small active power flows to the STATCOM 
(floating non-active state) and the operating principle of 
STATCOM is shown in Fig 3. The net instantaneous 
power at the ac output terminals must always be equal to 
the net instantaneous power at dc-input terminals by 
neglecting switching losses. The converter simply 
interconnects the three phase terminals so that the reactive 
output phase currents can flow freely among them. 
Although the reactive current is generated by the action of 
the solid state switches, the capacitor is still needed to 
provide a circulating current path as well as act as voltage 
source storage .the overall complete system block diagram 
is in Fig. 4.The power system network is interconnected in 
nature and it can consists of N number of loads and it can 
be integrated with any renewable energy sources. So fixing 
of a STATCOM is a difficult task. To fix this to the power 
system network we have to consider the power flow 
analysis through the network and also have to consider the 
impact of nonlinear loads. By taking above two remedial 
steps it helps to provide good reactive power support based 
on the demands. The specification for STATCOM is 
shown in the table 3. 

 
 

 
 

Fig. 4.Overall system block diagram 
 

 
6. SIMULATION ANALYSIS 
Case 1:System Performance Without STATCOM 
The simulation results are analysed with wind turbine  
connected to nine bus system without STATCOM and 
with STATCOM at different bus locations to check the 
system performance. The performance of the system 
without statcom is analysed and the results with different 
loads  and their THD analysis are shown in table 1. This 
analysis  clearly shows the system un stability and due to 
the impacts of three different non linear loads the 
harmonic presence is also very high in Fig 5 shows the 
three machine nine bus system without STATCOM. 

 
Fig. 5.Three machine nine bus without STATCOM 

 
Table 1. THD without STATCOM 

 
LOADS VALUES THD% 
Load A 25KW 64.65 
Load B 50KW 63.65 
Load C 75KW 61.07 
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From the harmonic analysis it can be seen that voltage is 
indirectly proportional to that of current and it causes huge 
amount of harmonics in the case without STATCOM. 
 
Case 2:System Performance With STATCOM 
The simulation results is analysed with wind turbine  
connected to nine bus system  with STATCOM at different 
bus locations to check the system performance. The 
STATCOM is connected to point of common coupling 
with energy storage system. The control scheme of 
STATCOM connected to grid with wind energy generation 
system is simulated using MATLAB/SIMULINK and it is 
showned in Fig 6.The load A ,B ,C output voltage and 
current waveforms and the corresponding THD spectrum 
analysis are shown in Fig 7,8,9,10,11,12. 

 
 
 

Fig. 6.Three machine nine bus system with STATCOM 
 
 

 

 
Fig. 7. Load A voltage and current waveforms 

 
 

Fig. 8.THD analysis for Load A 
 

Fig. 9. Load B voltage and current waveforms 
 

 
 

Fig. 10. THD analysis for Load B 

 
Fig. 11. Load C voltage and current waveforms 
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Fig. 12. THD analysis for Load C 
 
Table 2. THD Analysis with STATCOM at different bus 
with respect to PCC: 
 

Bus 
location 

Load  A Load B Load C 

Bus 5 6.40% 6.74% 13.06% 
Bus 6 6.64% 7.08% 12.28% 
Bus 7 6.43% 8.53% 12.24% 
Bus 8 6.74% 6.74% 6.40% 
Bus 9 6.46% 6.74% 6.74% 

 
From the above analysis we can conclude that if the 
STATCOM is connected at bus 8. the harmonic level is 
decreased and also reactive power is minimized. The 
power factor is improved to 0.9954 if the STATCOM is 
connected with respect to point of common coupling. 
 
7. CONCLUSION 
This paper analyzes the stability of the system with 
different types of load connected at various buses. The 
system helps to differentiate at which bus the reactive 
power flow is high so that if the STATCOM is connected 
that particular bus there may be a possibility to attain a 
stable power system network with reduced harmonics and 
improved power factor. By placing the STATCOM at the 
point of common coupling with respect to the bus, we can 
avoid wind turbine grid issues. 
 
 
REFERENCES 
[1] Sharad , W. , Mohod, Member, IEEE, and Mohan ,V. , 

Aware IEEE systems “A STATCOM-Control 
Scheme for Grid Connected Wind Energy System for 
Power Quality Improvement,” journal, vol. 4, no. 3, 
September 2010. 

[2] Chandan Kumar. , Student Member, IEEE, and Mahesh 
., K. Mishra. , Senior Member. , IEEE transactions on 
power delivery, “A Voltage-Controlled DSTATCOM 

for Power-Quality Improvement”  vol. 29, no. 3, 
June 2014. 

[3] Chunpeng Zhang. , Qirong Jiang, , Luyuan Tong 
Department of Electrical Engineering., Tsinghua 
University Beijing. , China 978-1-4244-2342-2/08 
“A Decoupling-Controlled STATCOM For Power 
Quality Improvement Of Impact Loads,” ©2008 
IEEE. 

 
[4] Mr. Vinod S. , Tejwani, (PhD research Scholar GTU 

Ahmedabad), Mr. Hitesh B. Kapadiya, (LEE, G.P., 
Kheda, Gujarat)., Dr A S Pandya (Head of Electrical, 
G.P., Rajkot, Gujarat)., Mr. Jignesh B Bhati (LEE, 
G.P., Chhotaudepur, Gujarat).,“Power Quality 
Improvement in power distribution system using d- 
statcom ,”  2013 Nirma University International 
Conference on Engineering (NUiCONE). 

[5] International Journal of Scientific Engineering and 
Technology (ISSN : 2277-1581) www.ijset.com, 
Volume No.1, Issue No.3, pg : 161-166  01 July 
2012  161. 

[6] Swaroop Kumar. ,Nallagalva,Mukesh KumarKirar ., 
,Dr.Ganga Agnihotri Electrical & Computer 
Engineering.,: “Transient Stability Analysis of the 
IEEE  9-Bus     Electric Power System ,” An 
International Journal (ECIJ) Volume 3, Number 2, 
June 2014. 

[7] R. Pena, J. C. Clare., and G. M. Asher., “Doubly fed 
induction generator using back-to back PWM 
converters and its application to variable speed wind-
energy generation,” Proc. Inst. Elect. Eng., Elect. 
Power Appl., vol. 143, no. 3, pp. 231–241, May 
1996. 

[8] L.Wang.,and K.H.Wang .,“Dynamic stability analysis 
of a DFIG-based off shore wind farm connected to a 
powergrid through an HVDC link,” IEEE Trans. 
Power Syst., vol. 26, no. 3, pp. 1501–1510, Aug. 
2010. 

[9] L. Wang., and L.-Y. Chen., “Reduction of power 
fluctuations of a large- scale grid-connected offshore 
wind farm using a variable frequency transformer,” 
IEEE Trans. Sustain. Energy, vol. 2, no. 3,pp.226–
234,Apr.2011. 

[10]E.Muljadi. , T.B.Nguyen. , and M.A.Pai, ,“Impact of 
wind power plants on voltage and transient stability 
of power systems,” in Proc. IEEE Energy 2030 
Conf., Nov. 2008, pp. 1–7. 

[11] O. Anaya-Lara., A. Arulampalam. , G. Bathurst. , F. 
M. Hughes. , and N. Jenkins. , “Transient analysis of 
DFIG wind turbines in multi-machine networks,” in 
Proc. 18th Int. Conf. Exhib. Electricity Distribution 
CIRED, Jun. 2005, pp. 1–5. 

[12] K. E. Okedu. , S. M. Muyeen. , R. Takahashi. , and J. 



International Journal of Research in Advent Technology, Vol.4, No.1, January 2016 
E-ISSN: 2321-9637 

Available online at www.ijrat.org 
  

22 
 

Tamura. , “Improvement of fault ride through 
capability of wind farms using DFIG considering 
SDBR,” in Proc. 14th Eur. Conf. Power Electronics 
and Applications, Sep. 2011, pp. 1–10. 

[13] N. G. Hingorani. , and L. Gyugyi, ,”Understanding 
FACTS; Concepts and Technology of Flexible AC 
Transmission Systems.,”New York, NY, USA: IEEE 
Press, 2000. 

[14] B. Pokharel . , and W. Gao, ,“Mitigation of 
disturbances in DFIG-based wind farm connected to 
weak distribution system using STATCOM,” in Proc. 
North American Power Symp. (NAPS), Sep. 26–28, 
2010, pp. 1–7. 

[15] G. Cai. , C. Liu. , Q. Sun. , D. Yang. , and P. Li. , “A 
new control strategy to improve voltage stability of 
the power system containing large-scale wind power 
plants,” in Proc. 4th Int. Conf. Electric Utility 
Deregulation and Restructuring and Power 
Technologies(DRPT),Jul.2011,pp.1276–1281. 

[16] M. N. Eskander. , and S. I. Amer. , “Mitigation of 
voltage dips and swells in grid-connected wind 
energy conversion systems,” in Proc. ICCAS- SICE, 
Aug. 2009, pp. 885–890. 

[17] L. O. Mak. , Y.X.Ni. , and C.M.Shen. ,“STATCOM 
with fuzzy controllers for interconnected power 
systems,”Elect.Power Syst.Res.,vol.55,no.2,pp.87–
95,Aug.2000. 

[18] M. N. Uddin. , and R. S. Rebeiro. , “Improved 
dynamic and steadystate performance of a hybrid 
speed controller based IPMSM drive,”inProc.IEEE 
Industry Applications Society Annual 
Meeting(IAS),Oct.9–13,2011,pp.1–8. 

[19] Onkar Vitthal Kulkarni. , Mahesh K. Mishra Senior 
Member. , IEEE Department of Electrical 
Engineering, Indian Institute of Technology Madras. 
,Chennai,India2013 “Power Quality Improvement 
Using Zig-Zag Transformer and DSTATCOM in 
Three Phase Power Distribution System,”Annual 
IEEE India Conference(INDICON). 

[20] 2nd International Conference on Current Trends in 
Engineering and Technology“Dynamic Performance 
of Power Quality Improvement Using Multilevel 
DSTATCOM with DG Application,”,ICCTET’14. 


