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Abstract— The Grid system’s Power Quality is mainly 

affected by the integrated renewable sources and the 

nonlinear loads connected. The continuous changes in the 

renewable source input causes variation in grid parameters. 

To overcome the adverse effects caused by the nonlinear 

loads and renewable source, paper presents a novel control 
technique. This technique suppresses the harmonics in load 

current, reactive power and brings the unity power factor at 

Common Connecting Line (CCL). The technique utilizes the 

Fuzzy logic for Active Power Filter to obtain the desired 

control strategy. The total model was simulated in 

MATLAB/SIMULINK. 

Keywords— Wind Energy System, Power Quality, FACTS, 

PID, FUZZY Controllers, Ziegler Nichols–PID Controller 

I. INTRODUCTION 

One of the most important problems facing by the growing 

world is providing the power demanded. Increasing living 

standards of people and growing industrialization leads to 

increase in power demand. Providing the demanded power 

has to consider environmental challenges like global 

warming and pollution. The existing nonrenewable sources 

don‘t meet the present requirement. This leads to drastic 

development in Renewable energy based power Generating 

Systems, which are clean and abundant availability of 

Renewable Sources like Wind, Solar Energy etc. 

 
Fig. 1: Grid connected wind energy unit 

In this paper, a renewable energy unit (Wind 

Energy Unit) is integrated to Grid at distribution side for 
providing the power demanded by the load. Due to 

integration of WEU at distribution side, it affects the system 

power quality in wide aspects. WEU‘s suffers with 

unavailability of constant input. The connected nonlinear 

loads also impose many effects on the overall system power 

quality [1]. This deterioration of system power quality can 

be improved by using effective power switching devices and 

efficient control technique .This paper presents a novel 

technique based on Ziegler Nichols (ZN) -PID and Fuzzy 

controlled control Scheme for Active Power Filter (APF) to 

compensate the harmonics and reactive power requirement. 

The Non Linear Loads and wind energy unit (WEU) places 
requirement of reactive power and injects harmonics into the 

Grid connected system lines [2]. This diminishes power 

factor, and causes, current and voltage variations .The 

proposed shunt connected APF injects the required Reactive 

power and absorbs the excess reactive power at the CCL and 

injects the currents to cancel out the harmonic currents in 

the line (CCL) [3]. The proposed APF uses Energy Storage 

unit (ESU) which is as shown in Fig.1 for real and reactive 

power support. 

The purpose of proposed system with energy 

storage unit is to obtain the a) Unit power factor at common 
connecting line, b) required reactive power adjustment, c) % 

THD improvement of current at common connecting line. 

In this paper, Section II provides proposed system 

description and control scheme, Section III provides 

supporting simulation results. At last, section IV concludes 

the Paper. 

II. PROPOSED SYSTEM DESCRIPTION 

The proposed grid interfaced wind energy unit for providing 
quality power to the nonlinear loads is presented in Fig.3. 

The system has wind energy unit, APF with control circuit 

and nonlinear load .Here wind energy unit and load unit 

introducing harmonics and reactive power requirement on 

the common connecting line. These nonlinearities will be 

cancelled out using APF with hybrid control technique. 

A. Wind Energy Unit 

The wind energy unit consists of wind turbine and 

generator. Here induction generator is used due to its 

effective operation, which does not require separate field 

circuit and has natural short circuit protection. The power 

available at WEU is given by eqn. (1). 

Pwind = 
 

 
ρπR2V3

wind          (1) 

Here ρ - Air Density, R - radius of rotor, Vwind - 

speed of the wind.  

The relation between wind and mechanical power 
is given by eqn. (2). 

Pmech = CP Pwind     (2) 

Here Pmech is the mechanical power produced by 

wind turbine given by eqn. (3). 

Pmech= 
 

 
ρπR2V3

winCP          (3) 

The mechanical-torque is given by in (4) 

Tmech = Pmech/ωmech         (4) 

B. DC Link 

In the APF, capacitor interfaces the inverter and Energy 

storage unit as shown in Fig. 2. 

The storage unit connected to dc link series with a  

resistance of Rb. The internal voltage changes with the 

charge on the battery. The  DC link voltage Vdc is given by 

eqn.(5). 

Vdc = Eb + Ib *  Rb   (5) 

Here Ib is battery current. It is necessary to 
maintain Vdc to meet the inverter voltage according to eqn 

(6). 

Vdc ≥  
 √ 

  
  Vinv    (6) 

Here Vinv is 230 V rms, Ma is modulation index 

0.9.Final DC link voltage shoulb be maintained at 800V. 
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Fig. 2: DC Link for Energy storage 

C. Proposed Model Operation 

The energy storage unit with shunt connected APF is 

connected with nonlinear load and wind energy unit at the 

common connecting line (CCL).The output of APF varies 

according to the control strategy for maintain the power 

quality. The control scheme consists ZN PID – Fuzzy based 

controller. The IGBT based APF provides the reactive 
power requirement to the line caused by nonlinear loads and 

WEU. The ESU levels the power fluctuations by charging 

and discharging operation [4],[5]. The complete operational 

scheme is described by the diagram shown in Fig.3. 

 
Fig. 3: Block diagram of proposed system 

D. Grid Synchronization Rules and Power Quality 

Standards 

In a Three Phase balanced system, the source RMS value 

can be computed from the phase voltages (Va, Vb, Vc) and is 
denoted as Vm given by 

Vm= {2/3(Va
2+Vb

2+Vc
2)}1/2         (7) 

The unit vectors are computed using source 

voltages and the values of unit vectors given by eqn. (8) 

V*
a = 

  

  
 , V*

b = 
  

  
 , V*

b = 
  

  
      (8) 

The reference currents generated are calculated 

using unit vectors given by eqn. (9) 

Ia
*= I* V*

a, Ib
*= I* V*

b, Ic
*= I* V*

b   (9) 

Here, I is proportional constant of corresponding 

phase filtered voltages. Due to this, grid current becomes 

sinusoidal [6]. 

Following are the some of the standards which 

should be satisfied by the system as directed by international 

standards. 
1) Voltage Rise 

At CCL, the voltage rise is the function of turbine apparent 

power [7] and is given by eqn. (10). 

ΔV = Smax (Rcos φ – Xsin φ) /V2      (10) 

Here, R and X are resistance and reactance of the 

grid, φ is phase angle, ΔV is voltage rise, Smax is Apparent 

Power and V is grid nominal voltage. The voltage rise 

should be less than 2%. 

2) Voltage Dips 

At the starting of wind turbine, there is a reduction of 

voltage. The dip in voltage is given by eqn. (11) 

D = Kv  
  

   
        (11) 

Here, D is voltage dip, Sk is short circuited 

apparent power, Sn is apparent power and Kv sudden 
reduction voltage factor. The dip in voltage should be less 

than 3%. 

3) Harmonics 

The harmonic distortion in voltage and current at point of 

CCL [8] are given by eqns. (12) & (13) 

VTHD = √∑
   

  

  
    * 100       (12) 

Here V1 is fundamental component and Vn is nth 

harmonic component. The acceptable THD is less than 3% 

for 132KV. 

ITHD = √∑
  

  
 * 100                            (13) 

Here I1 is fundamental component and In is nth 

harmonic component. The acceptable THD is less than 2.5% 

for 132KV. 

E. Control Scheme 

The reactive power requirement and harmonics developed 

by the nonlinear loads and wind systems will be cancelled 

out using APF controlled by hybrid Fuzzy-ZN PID 

controller. The utilized control scheme is clearly described 

by the fig. 4. In the control scheme, the difference b/w dc 

line voltage and reference capacitor voltage is applied to 

ZN-PID. The effective ZN-PID reshapes the difference 

signal and applied to Fuzzy Controller. This improved 

control voltage signal from ZN-PID is further tuned by 

Fuzzy Controller. The combined Fuzzy outcome and source 

voltage unit vectors generate the reference current. 

 
Fig. 4: Control Scheme 

Now the difference of the source current taken at 

common connecting line and reference current signal is 

applied to hysteresis current controller which limits the 

current within the hysteresis band (HB = 0.08).Finally the 

required firing angles are developed and applied to APF, 
which consists a 3 leg inverter. The controlling signals for 

IGBT of inverter are derived from hysteresis controller 

[9].The phase–a switching function SA of phase ‗a‘ is given 

by eqn. (15) 

HB < (Ia
*- Ia) →SA=0 and HB > (Ia

*- Ia) →SA=1  (15) 

The APF injects the currents to cancel out the 

harmonics in the Source currents at CCL. It also provides 

the required reactive power to the line and makes the 

common connecting line power factor as unity. The 

inductors are used to limits the harmonics developed from 

the inverter of APF .The energy storage unit maintains the 
dc link voltage at constant level. 
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F. Hybrid Fuzzy-ZN PID Controller 

This controller is designed to generate effective reference 

current generation to suppress harmonics at common 

connecting line .It utilizes the ZN tuned PID and Fuzzy 

capabilities. 

 
Fig. 5: Hybrid Fuzzy –ZN PID Controller 

1) ZN-PID 

The proposed hybrid Fuzzy – ZN PID controller consisting 

of Fuzzy controlled and ZN based PID controller. The 

Ziegler-Nichols (Z-N) method in [10] is used for a PID 

controller design. Due to its simple design rule. The FLC 
performs the fuzzy tuning of the response of ZN PID 

controller to produce desired signal. 

2) Fuzzy Controller 

The fuzzy controller [11], [12] has three stages to produce 

desired control signal. Fuzzification inference engine and 

defuzzfication are the stages in Fuzzification the crisp 

variables are modeled into fuzzy linguistic variables. The 

selected input and outputs are assigned with triangular 

membership functions. Here, 7 linguistics variables are 

selected HN, MN, SN, ZE, SP, MP and HP. The inference 

engine processes the input variable according to rules stored 
in knowledge base. The rules are shown in Table.1 and 

membership functions and rules are shown fig. 6(a) and 6(b) 

 
Fig. 6(a): Fuzzy Membership Functions 

 
Fig. 6(b): Fuzzy Rules 

The o/p variables of inference engine are combined 

using centroid method to develop the required control 

pulses, in defuzzfication block. The adopted rules in the 

fuzzy knowledge base are shown in Table I. 

 de 

e 

de HN MN SN ZE SP MP HP 

HN HN HN HN HN MN SN ZE 

MN HN HN MN MN SN ZE SP 

SN HN MN SN SN ZE SP MP 

ZE MN MN SN ZE SP MP HP 

SP MN SN ZE SP SP MP HP 

MP SN ZE SP MP MP HP HP 

HP ZE SP MP HP HP HP HP 

Table 1: The adopted rules in the fuzzy knowledge base 

III. SIMULATION RESULTS 

The proposed model is simulated in MATLAB/ 

SIMUNLINK environment. The proposed hybrid Fuzzy - 

ZN PID controller and proposed system are modeled in 

SIMULINK shown in Fig.7 (a) and Fig.7 (b). 

The parameters for proposed system are given in 

Table 2. 

 
Fig. 7(a): Hybrid Fuzzy – ZN PID Controller 

The Fig. 7(b) clearly shows the pulse generating 

from the proposed control scheme to maintain the power 

quality at the CCL. It also shows the WEU connected at 

common coupling line (CCL) 

 
Fig. 7(b): Simulink model of proposed system 

A. Steady State Analysis of the System 

 
Fig. 8: System Currents with Hybrid FUZZY- ZN PID a) 

grid current b) load current c) injected Inverter current d) 

wind current 

The harmonics in the grid current are injected by the 

nonlinear loads. To suppress these harmonic components in 

the current equivalent opposite current has to be injected 

such that the current is free from harmonics. Fig.8 shows the 

various currents developed at CCL. 
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B. DC Link 

The voltage across the capacitor is maintained at constantly 

at 800V by the storage unit. The DC link voltage current and 

are as shown in Fig. 9. 

 
Fig. 9: DC link Voltage 

C. UPF 

The APF is connected at T=0.4.Before this time both 

voltage and current are not in phase. When APF is 

connected, the voltage and currents are in phase, which 

leads to unity power factor at Common Coupling Line 

(CCL) and desired power quality norms are maintained. The 

in-phase grid voltage and currents are as shown in 

Fig.10.Here, at T= 0.4 voltage and currents are in phase due 

to the APF injected reactive power required to the line. 

 
Fig. 10: Voltage and Current waveforms with and without 

APF 

D. Power Quality at CCL 

The power quality is analyzed in three different cases 

without APF, with PI -APF and with hybrid ZN PID –Fuzzy 

controlled APF. 

1) Case 1: The % THD of the currents without APF are as 
shown in Fig. 11. 

 
Fig. 11(a): THD = 4.06% 

 
Fig. 11(b): THD = 7.95 % 

 
Fig. 11(c): THD = 19.10% 

Fig. 11 %: THD of a) Grid Current, d) Load Current, c) 

Wind Current without APF 

2) Case 2: APF is connected to the line at T=0.4. After 

T=0.4 the % THD of the currents with PI controlled APF 

are as shown in Fig.12 

 
Fig. 12(a): THD = 0.41% 

 
Fig. 12(b): THD = 7.89% 
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Fig. 12(c): THD = 19.09% 

Fig. 12: %THD of a) Grid Current, d) Load Current, c) 

Wind Current with PI Controlled APF 

3) Case 3: The % THD of the currents with Fuzzy –ZN PID 

Controlled APF are as shown in Fig.13 

 
Fig. 13(a): THD = 0.38% 

 
Fig. 13(b): THD = 7.77% 

 
Fig. 13(c): THD = 18.58% 

Fig. 13 %THD of a) Grid Current, d) Load Current, c) Wind 

Current with Fuzzy-ZN PID controlled APF 

Parameters 
Without 

APF 

With pi 

based 

APF 

With hybrid 

Fuzzy-ZN  

PID APF 

P F 0.86 1 1 

%THD 

Source current 4.06 0.41 0.38 

Load current 7.95 7.89 7.77 

Wind current 19.1 19.09 18.58 

Table 3: Comparison of % THD for Various currents and 

Power Factor for the three cases 

From the Table –III it is clear that the Hybrid 

Fuzzy – ZN PID controlled APF effectively reduces the 

Harmonics at Grid common connecting line from 4.06% to 

0.38% THD. 

IV. CONCLUSION 

Here the Paper presents hybrid Fuzzy–APF based control 

strategy which improves the power quality of the renewable 

source integrated Grid System. The control Strategy keeps 

the source current in phase with the Source voltage. It also 

compensates the Load current harmonics and reactive power 

at CCL. It also provides the reactive power required by the 

Wind unit. Here, the hybrid control strategy improves the 

%THD of Currents by injecting the currents to cancel out 

the harmonic current. The simulated result compares the 

various currents %THD without APF, with PI-APF and with 
Hybrid Fuzzy- ZN PID APF control techniques. 
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