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Abstract: - Power quality related disturbances in electrical distribution networks have become a major concern 
for both network managers and operators associated with the continuous increase of renewable energy 
resources worldwide. Such disturbances can cause momentary voltage sags and spikes, current distortions and 
fluctuations in the frequency that directly impact on the efficiency and performance of the electric equipment. 
This paper proposes a control strategy of a shunt active power filter (SAPF) to enhance the power quality in 
terms of harmonics and reactive power compensation in a standalone wind-diesel power system.  The control of 
the SAPF is based on the indirect current control (ICC) strategy combining two proportional-integral (PI) 
controllers with a fuzzy logic controller. The system model is developed under MATLAB/SIMULINK 
environment and the proposed control scheme is evaluated under varying wind dynamics, linear balanced, 
unbalanced and non-Linear balanced load conditions. 
  
Key-Words: - power quality, wind-diesel, Shunt active power filter, indirect current control, PI, fuzzy logic. 
 
1 Introduction 
Improved power quality in electrical distribution 
systems with an increasing penetration of renewable 
energy resources has become nowadays an 
important issue for both network managers and for 
electrical energy operator.  Currently, wind energy 
is among the most viable renewable energy 
resources in the world, and it is expected that the 
number and capacity of wind generation 
installations, in the years ahead, will grow 
substantially across the world. One of the most 
promising applications of wind energy is in isolated 
and remote locations where, usually, wind resources 
in these areas are fairly high. However, due to the 
inherent intermittent nature of wind energy and 
continuously fluctuating wind velocity, a hybrid 
power system combining a wind energy conversion 
system with diesel generators has the potential to 
overcome these limitations.  
High penetration for wind-diesel generation is 
defined as the wind providing at least 75% of the 
current load for high penetration wind/diesel power 

systems without energy storage, there are three 
operating stage: (1) diesel only, (2) wind/diesel and 
(3) wind only, the transition between these three 
separate operating phases is the most challenging 
part for the power management and control system 
as both wind and load tend to vary over short time 
periods. 
The operational concept behind these systems is that 
additional equipment is installed that can insure 
power system stability and power quality when the 
diesel engines, the device that typically controls 
these parameters, is shut down. Major power quality 
problems which appear are voltage related, 
frequency variations, harmonics and flickers etc.  
Wind diesel hybrid systems have been discussed by 
many researchers [1-5]. The advantage of this type 
of hybrid power system is the combination of the 
continuously available diesel power generation and 
locally available, pollution-free wind energy. 
However, the major disadvantage with these sources 
is that they are generally intermittent or fluctuating 
in nature. Since the early eighties, the wind diesel 
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hybrid system have been considered as autonomous 
electricity generating system using wind turbine 
generator(s) (WTG) with diesel generator(s) (DG) to 
obtain a maximum contribution by the intermittent 
wind resource to the total power produced, while 
providing continuous high-quality electric power 
[6]. However, one of the disadvantages is the 
intermittent nature  of wind  power generation.  
Diesel  engine  driven  synchronous  generators 
operating  in  parallel with wind  turbines must 
maintain  a  good voltage  and  frequency  
regulation  against  active  and  reactive load 
variations  and wind  speed changes [7-10]. 
An isolated wind-diesel hybrid system is developed, 
in which an active shunt power filter is introduced 
to compensate the harmonics and reactive power of 
load current demand. 
This paper is organised as follows: Sections II and 
III present a description and mathematical modeling 
of the hybrid power system respectively. The 
modelling and control design for the SAPF are 
presented in Section IV. The model implementation 
in Matlab/Simulink and simulation results are 
discussed in Section V.  Finally, Section VI 
summarises the conclusion of the paper.   
 
 
2 Problem Formulation 
The proposed system consists of  a wind turbine 
connected to an induction generator, a diesel engine, 
a synchronous generator, a dumpload, a system load 
and a shunt active filter (SAPF). A three-phase 
dumpload is used with each phase consisting of 
seven transistor-controlled resistor banks. When the 
wind-generated power is sufficient to serve the load, 
the diesel engine is disconnected from the 
synchronous generator by an electromagnetic clutch, 
and the synchronous generator acts as a 
synchronous condenser. 
A high penetration wind-diesel system has three 
types of operating conditions: Diesel Only (DO), 
Wind Diesel (WD) and Wind Only (WO). In DO 
mode, the maximum power from the wind turbine 
generator (WTG) is always significantly less than 
the system load. In this case, the diesel generator 
(DG) operation never stops and supplies the active 
and reactive power demanded by the consumer load. 
But, the DG fuel consumption can be reduced 
depending on how much power is supplied by the 
WTG (generally disconnected) and the particular 
characteristics of the diesel engine.   
The synchronous generator (with/without diesel) is 
used for reactive power control by regulating the 
terminal voltage via the excitation system. The 

synchronous generator also contributes to supply the 
deficit of reactive power in the induction generator.  
The SAPF, included in the system for compensating 
harmonics and reactive power consist of a three 
phase IGBT-based inverter connected to a DC bus 
capacitor. The nonlinear load is simulated with a 
three-phase diode bridge rectifier with R-L load. 

 
Fig.1 Hybrid system configuration. 

 
3 Modeling of the system  
3.1 Modeling of Wind Power System 
The model of a wind energy conversion system 
(WECS) is based on a horizontal-axis wind turbine 
connected to an induction generator. The 
mechanical power (Ptu ) extracted from the wind is 
mainly governed by three quantities namely, the 
area swept by rotor blades (S), the upstream wind 
velocity (v0) and the rotor power coefficient (Cp) [8, 
9].  
 

𝑃𝑃𝑡𝑡𝑡𝑡 = 𝐶𝐶𝑝𝑝 × 𝑃𝑃𝑡𝑡ℎ = 𝐶𝐶𝑝𝑝(𝜆𝜆,𝛽𝛽)
𝜌𝜌 × 𝑆𝑆 × 𝑉𝑉0

3

2
               (1) 

 
Cp  is a function of the tip speed ratio λ and pitch 
angle β. The wind turbine considered in this paper is 
stall-controlled therefore β is constant and  Cp  is 
function of λ only. 

λ  is defined  as: 

𝜆𝜆 =
Ω × 𝑅𝑅
𝑉𝑉

                                                                   (2) 

Where Ω is the angular speed of the rotor with 
radius R.  This function assumes a maximum for a 
certain value of λ.  The operating point of the wind 
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turbine can be determined from the wind speed 
input V and the rotor speed Ω.  When the induction 
machine is generating, which corresponds to its 
operation in the vicinity of synchronous speed, the 
rotor speed is relatively constant. 
The models of the generators are based on the 
standard Park’s transformation that converts all 
stator variables to a rotor reference frame described 
by a direct and quadrature (d-q) axis [10].  
The electromagnetic torque equation is given by: 

𝑇𝑇𝑒𝑒𝑒𝑒 =
3
2
𝑃𝑃�𝜆𝜆𝑑𝑑𝑑𝑑 × 𝑖𝑖𝑞𝑞𝑞𝑞 − 𝜆𝜆𝑞𝑞𝑞𝑞 × 𝑖𝑖𝑑𝑑𝑑𝑑�                          (3) 

The torque balance equation of mechanical motion 
of the induction generator side is given as [11, 12]:   

𝑇𝑇𝑔𝑔 = 𝐽𝐽 �
2
𝑃𝑃
�
𝑑𝑑Ω
𝑑𝑑𝑑𝑑

+ 𝑇𝑇𝑒𝑒𝑒𝑒                                              (4) 

Where J is the inertia, P  is the number poles of the 
induction generator and Ω represents the rotor speed 
of induction generator. 

3.1 Modeling of Diesel System 

 
The diesel engine generator is composed of two 
machines: diesel engine (prime mover) and 
synchronous generator which models the diesel 
generator. Using Park’s transformation, the 
electrical quantities like currents, voltages and flux 
linkages associated with stator and rotor are 
converted into a two dimensional (d-q) reference 
frame. The  diesel  engine  unit  is  developed with  
standard  third  order controller  and  actuator. 
The  diesel  engine  model  considered here [13-17]  
consists  of   a controller  to  monitor  the  steady-
state speed, a first order actuator with gain K and 
time constant Ti to control the fuel rack position.  
Finally, the mechanical torque produced Tmech   is 
represented by the conversion of fuel-flow to torque 
with a time-delay TD .   

Tmech (s) = e−sTDΦ(s)                                            (5) 
 

Where s denotes the Laplace transform operator and 
Φ(s)represents the fuel flow. 
The diesel engine is a complex device and has many 
nonlinear components affecting the generation unit 
performance. 

 

 
Fig. 2  Model of diesel engine. 

 
4 SAPF configuration and control 
scheme 

4.1 Overview of SAPF Configuration 

Active Power Filters (APFs) are power electronic 
devices used to suppress harmonics dynamically and 
provide reactive power compensation. The Shunt 
APF (SAPF) concept is to use an inverter to produce 
specific currents or voltages harmonic components 
to cancel the harmonic components generated by the 
load. The most common configuration of a SAPF is 
to inject current harmonics into the point of 
common coupling (PCC). Fig. 3 shows basic 
principle of SAPF [18, 19]. 
 

 

Fig. 3. Basic compensation principle of the SAPF. 
 
With reference to Fig. 3, the source current is given 
by: 

𝑖𝑖𝑆𝑆 (𝑡𝑡) = 𝑖𝑖𝐿𝐿 (𝑡𝑡) + 𝑖𝑖𝐹𝐹 (𝑡𝑡)                                              (6) 

A voltage source SAPF is supposed to be connected 
to a balanced three-phase voltage source, with no 
zero-sequence in the currents. 
Applying Kirchhoff’s current and voltage laws at 
the connection point of the SAPF leads to the 
following equations in the "abc" frame: 

⎩
⎪
⎨

⎪
⎧𝑉𝑉𝑠𝑠𝑠𝑠 = 𝑅𝑅𝑓𝑓 × 𝑖𝑖𝑓𝑓𝑓𝑓 + 𝐿𝐿𝑓𝑓

𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓
𝑑𝑑𝑑𝑑

+ 𝑉𝑉𝑓𝑓𝑓𝑓 + 𝑉𝑉𝑀𝑀𝑀𝑀

𝑉𝑉𝑠𝑠𝑠𝑠 = 𝑅𝑅𝑓𝑓 × 𝑖𝑖𝑓𝑓𝑓𝑓 + 𝐿𝐿𝑓𝑓
𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓
𝑑𝑑𝑑𝑑

+ 𝑉𝑉𝑓𝑓𝑓𝑓 + 𝑉𝑉𝑀𝑀𝑀𝑀

𝑉𝑉𝑠𝑠𝑠𝑠 = 𝑅𝑅𝑓𝑓 × 𝑖𝑖𝑓𝑓𝑓𝑓 + 𝐿𝐿𝑓𝑓
𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓
𝑑𝑑𝑑𝑑

+ 𝑉𝑉𝑓𝑓𝑓𝑓 + 𝑉𝑉𝑀𝑀𝑀𝑀

�              (7) 

The neutral-to-phase SAPF voltages are given by: 
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  �
𝑉𝑉𝑓𝑓1 = 𝑉𝑉𝑓𝑓𝑓𝑓 + 𝑉𝑉𝑀𝑀𝑀𝑀
𝑉𝑉𝑓𝑓2 = 𝑉𝑉𝑓𝑓𝑓𝑓 + 𝑉𝑉𝑀𝑀𝑀𝑀
𝑉𝑉𝑓𝑓3 = 𝑉𝑉𝑓𝑓𝑓𝑓 + 𝑉𝑉𝑀𝑀𝑀𝑀

�                                              (8)                                                                                                                                       

Summing the three equations in (8) the ground (M)-
to-neutral (N) voltage is given by: 

    𝑉𝑉𝑀𝑀𝑀𝑀 = − 1
3

(𝑉𝑉𝑓𝑓𝑓𝑓 + 𝑉𝑉𝑓𝑓𝑓𝑓+𝑉𝑉𝑓𝑓𝑓𝑓 )                             (9)                                                                               

 

By substituting (8) into (9) one can obtain: 

⎩
⎪
⎨

⎪
⎧ 𝑉𝑉𝑓𝑓1 =

2
3
𝑉𝑉𝑓𝑓𝑓𝑓 −

1
3
𝑉𝑉𝑓𝑓𝑓𝑓 −

1
3
𝑉𝑉𝑓𝑓𝑓𝑓

  𝑉𝑉𝑓𝑓2 = −
1
3
𝑉𝑉𝑓𝑓𝑓𝑓 +

2
3
𝑉𝑉𝑓𝑓𝑓𝑓 −

1
3
𝑉𝑉𝑓𝑓𝑓𝑓

𝑉𝑉𝑓𝑓3 = −
1
3
𝑉𝑉𝑓𝑓𝑓𝑓 −

1
3
𝑉𝑉𝑓𝑓𝑓𝑓 +

2
3
𝑉𝑉𝑓𝑓𝑓𝑓

�                     (10) 

The equation of DC bus voltage is given by:  

𝑑𝑑𝑉𝑉𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
1
𝐶𝐶
𝑉𝑉𝑑𝑑𝑑𝑑                                                            (11) 

 
The voltages Vf1, Vf2 and Vf3, take the values 0 or 
±Vdc  depending on the switching function Ck  of 
the kth  inverter leg (k = 1, 2, 3 ) which is defined as 
follows: 

𝐶𝐶𝑘𝑘 = � 1, if  𝑠𝑠𝑘𝑘   is ON  and  𝑠𝑠𝑘𝑘+3 is OFF
 0, if  𝑠𝑠𝑘𝑘  is  OFF  and  𝑠𝑠𝑘𝑘+3  is ON

�           (12) 

A switching state function 𝑑𝑑𝑛𝑛𝑛𝑛  is defined as: 

𝑑𝑑𝑛𝑛𝑛𝑛 = (𝐶𝐶𝑘𝑘 −
1
3
� 𝐶𝐶𝑚𝑚

3

𝑚𝑚=1

)𝑛𝑛                                     (13) 

The complete model of the SAPF in the 'abc' frame is: 

⎩
⎪
⎪
⎨

⎪
⎪
⎧

𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓
𝑑𝑑𝑑𝑑

= −
𝑅𝑅
𝐿𝐿𝑓𝑓
𝑖𝑖𝑓𝑓𝑓𝑓 −

𝑑𝑑𝑛𝑛1𝑉𝑉𝑑𝑑𝑑𝑑
𝐿𝐿𝑓𝑓

+
𝑉𝑉𝑠𝑠𝑠𝑠
𝐿𝐿𝑓𝑓

𝑑𝑑𝑑𝑑𝑓𝑓𝑓𝑓
𝑑𝑑𝑑𝑑

= −
𝑅𝑅
𝐿𝐿𝑓𝑓
𝑖𝑖𝑓𝑓𝑓𝑓 −

𝑑𝑑𝑛𝑛2𝑉𝑉𝑑𝑑𝑑𝑑
𝐿𝐿𝑓𝑓

+
𝑉𝑉𝑠𝑠𝑠𝑠
𝐿𝐿𝑓𝑓

𝑑𝑑𝑉𝑉𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
1
𝐶𝐶𝑑𝑑𝑑𝑑

(2𝑑𝑑𝑛𝑛1 + 𝑑𝑑𝑛𝑛2)𝑖𝑖𝑓𝑓𝑓𝑓 +
1
𝐶𝐶𝑑𝑑𝑑𝑑

(𝑑𝑑𝑛𝑛1 + 2𝑑𝑑𝑛𝑛2)𝑖𝑖𝑓𝑓𝑓𝑓

(14)

� 

 
 
 

4.2 Control Scheme of the SAPF 

There are different methods for generating the 
current reference for the SAPF in the frequency 
domain. In this paper, the current reference for the 
active power filter is generated using the Indirect 
Control Technique (ICC). Fig. 4 illustrates the ICC 
scheme. The regulation of dc bus voltage 𝑉𝑉𝑑𝑑𝑑𝑑  is very 
important to ensure effective current control at  the  
input of  the  SAPF.  
Therefore, 𝑉𝑉𝑑𝑑𝑑𝑑  should be continuously monitored, 
conditioned, and compared with a reference value 
𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 . The controller output is multiplied by the 
phase voltages to get the reference currents 𝑖𝑖𝑠𝑠𝑠𝑠∗ , 
𝑖𝑖𝑠𝑠𝑠𝑠∗ , and 𝑖𝑖𝑠𝑠𝑠𝑠∗ . 

 

Fig. 4.  Indirect current control of the SAPF. 
 

In this technique, the PWM  switching signals are 
obtained by comparing the sensed three-phase 
supply currents   (𝑖𝑖𝑠𝑠𝑠𝑠 , 𝑖𝑖𝑠𝑠𝑠𝑠  and 𝑖𝑖𝑠𝑠𝑠𝑠 )  with their 
reference counterparts  (𝑖𝑖𝑠𝑠𝑠𝑠∗ , 𝑖𝑖𝑠𝑠𝑠𝑠∗  and 𝑖𝑖𝑠𝑠𝑠𝑠∗ .) 
respectively[18]. 
 

𝑉𝑉𝑠𝑠𝑠𝑠 = 𝑉𝑉𝑚𝑚sin⁡(𝜔𝜔𝜔𝜔)
              𝑉𝑉𝑠𝑠𝑠𝑠 = 𝑉𝑉𝑚𝑚sin⁡(𝜔𝜔𝜔𝜔 − 120°)
              𝑉𝑉𝑠𝑠𝑠𝑠 = 𝑉𝑉𝑚𝑚sin⁡(𝜔𝜔𝜔𝜔 − 240°)

                 (15) 

𝑢𝑢𝑠𝑠𝑠𝑠 =
𝑉𝑉𝑠𝑠𝑠𝑠
𝑉𝑉𝑚𝑚

   , 𝑢𝑢𝑠𝑠𝑠𝑠 =
𝑉𝑉𝑠𝑠𝑠𝑠
𝑉𝑉𝑚𝑚

 ,       𝑢𝑢𝑠𝑠𝑠𝑠 =
𝑉𝑉𝑠𝑠𝑠𝑠
𝑉𝑉𝑚𝑚

       (16) 

 𝑖𝑖𝑠𝑠𝑠𝑠∗ = 𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 × 𝑢𝑢𝑠𝑠𝑠𝑠                           
𝑖𝑖𝑠𝑠𝑠𝑠∗ = 𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 × 𝑢𝑢𝑠𝑠𝑏𝑏                                    
𝑖𝑖𝑠𝑠𝑠𝑠∗ = 𝐼𝐼𝑚𝑚𝑚𝑚𝑚𝑚 × 𝑢𝑢𝑠𝑠𝑠𝑠                                    

                         (17) 
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4.3 Design Based on PI control 

 
The three phase reference currents (peak value) for 
the control of the SAPF from the PI controller based 
on the error between the average dc bus voltage 𝑉𝑉𝑑𝑑𝑑𝑑  
and its reference value 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  of the active filter.  
The output of the PI controller has been considered 
as the amplitude of the desired source current, and 
the reference currents are estimated as the product 
of this peak value with the unit sine vectors in phase 
with the source voltages [10].  
The PI-controller of the transfer function is defined 
as; 
H(s) = Kp + KI/s                                                  (18) 

The proportional gain is derived using                
 Kp = 2ζωnv C . The damping factor ζ= √2/2 and 
natural frequency ωnv should be chosen as the 
fundamental frequency. Similarly, the integral gain 
is derived using  KI = Cωnv

2   
This controller estimates the magnitude of peak 
reference current Imax and controls the dc-side 
voltage. 
 
4.4 Design  Based on Fuzzy Logic Control 
 
Fuzzy systems introduced by Zadeh (1965), have 
crisp membership functions represented by numbers 
in [0, 1] and therefore are only able to model 
vagueness but not uncertainty. Nowadays, fuzzy 
logic controller (FLC) is used in almost all sectors 
of industry, power systems and science. The basic 
schema of fuzzy logic controller is shown in Fig. 5 
and consists of four principal components: 
fuzzification interface which converts input data into 
suitable linguistic values, a knowledge base which 
consist of data base with the necessary linguistic 
definition and control role set, a fuzzy inference 
system and a defuzzification interface which yields 
non fuzzy control action from an inferred fuzzy 
control action [20, 21]. 
 

 

Fig. 5.  Standard fuzzy logic system. 

In our application, the fuzzy controller acts by 
processing the voltage error and its variation as 
shown in Fig. 6. 

 
 
Fig. 6 .DC voltage control using fuzzy control 
structure. 
 
The fuzzy controller inputs are the error of the DC 
bus voltage (e) and the change of the DC bus 
voltage error (de). These two inputs have three 
membership functions in linguistic terms. The fuzzy 
subsets are labelled as N (Negative), EZ (Equal 
Zero) and P (Positive). The inference method 
employed here was based on the min-max method 
and the “centroid” method was used to deffuzzify 
the implied fuzzy  control  variables.   

The membership functions used for the input and 
output variables are shown in Fig. 7 and the fuzzy 
rule base is given in the Table 1. The output of the 
fuzzy controller after a limit is considered as the 
magnitude of peak reference current Imax  Table 1 
fuzzy control rules. 

TABLE I 
FUZZY CONTROL RULES. 

e 

de  
N EZ P 

N N N EZ 

EZ N EZ P 

P EZ P P 

 

Fig. 7 Membership functions for (a) error, change of 
error and (b) output (u). 
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5 Simulation and Results 
 
The model parameters used for these simulations are 
listed in Table 2.  

TABLE II 
PARAMETERS OF THE SYSTEM MODEL IN SIMULINK. 

 

System  Values   

wind turbine 
(WT) 

 

diesel 
generator 

(DG) 

                 
Consumer 

load 

Pn=37kW, Ls=0.087 Ω, Vn=480V, 
Rr'=0.228Ω, F_r=50Hz, Lr'=0.8mH, 
Lm=34.7mH, 2P=4, Rs=0.087 Ω,  
J=0.4kg.m2 

Sn (kVA) =37.5, X1'  =0.09 Xd  =3.23, 
Td0  =4.4849, Xd'   =0.21,  Td0''  =0.0681, 
Xd''  =0.15, Tq0''  =0.1,    Xq  = 2.79, Rs 
(pu)=0.017 

Main load(kW)=100kW , Nonlinear load  
R=35 Ω , L=10-3 H 

Active filter C=6000 µF , Lf=1.8 mH Vdc=1200 V 

The overall system has been implemented using 
Simulink and SimPowerSystems toolboxes as 
shown in Fig. 8.  

 

Fig. 8 Simulink model of the system. 

To have a constant frequency during all modes of 
operation, it is necessary that the active power 
produced by the two sources of energy 
(Pwind+Pdiesel) is equal to that consumed by the 
Pload. 

A series of simulation scenarios have been  
performed to evaluate the performance of the 
proposed control methods of the SAPF on the 
current harmonics under variable load and wind 
speed conditions. 
 
5.1 Linear Load 
 
Initially, the overall wind-diesel power system is 
simulated with a linear load variation of 50% 
applied at t = 7 sec and 10 sec. Fig. 9 shows the 
waveforms of the voltage source (vsa ), current 
source (isa ), the main load current (iLa ), the 
secondary load current (isa 2)  and the system 
frequency (Fr). 
 

Fig. 9. Wind speed, source voltage, source current, 
dumpload current, load current and network 
frequency. 

It can be noted that in the case of linear load, the 
load current remains sinusoidal throughout the 
simulation time and the voltage and frequency are 
stable.  
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5.2 Nonlinear Load with SAPF and PI controller 

Fig 10 shows the source voltage (𝐯𝐯𝟏𝟏), source current 
(𝐢𝐢𝐬𝐬𝐬𝐬𝐬𝐬), load current (𝐢𝐢𝐜𝐜𝐜𝐜), filter current (𝐢𝐢𝟏𝟏). Fig. 11 
and 12 show the DC bus voltage (𝐕𝐕𝐝𝐝𝐝𝐝) and harmonic 
spectrum without and with the SAPF filter 
respectively.  

 

Fig.10 .Source voltage and source currents, load 
current and filter current. 

 

Fig.11. DC bus voltage (Vdc ). 

 

 

Fig.12 .Total harmonic distortion (THD) spectrum 
without and with SAPF. 

 

The application of the APF with PI control, has 

resulted in a reduction of the THD which dropped 
from 30.07 % to 2.5 %. 

5.3 Nonlinear Load with SAPF and Fuzzy 
Controller 

Fig. 13 shows the source voltage (𝐯𝐯𝟏𝟏), source 
current (𝐢𝐢𝐬𝐬𝐬𝐬𝐬𝐬), load current (𝐢𝐢𝐜𝐜𝐜𝐜), filter current (𝐢𝐢𝟏𝟏). 
Fig. 14 and 15 show the DC bus voltage (𝐕𝐕𝐝𝐝𝐝𝐝) and 
harmonic spectrum without and with the shunt APF 
filter respectively. 

 Fig. 13. Source voltage and source currents, load 
current and filter current. 

 

Fig. 14 .DC bus voltage (Vdc ).   

  

Fig. 15.  Total harmonic distortion (THD) spectrum 
without and with SAPF. 
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It is clear from simulation results that the transient 

performance of the source current and DC side 
capacitor voltage is better with fuzzy logic  
compared  to PI controller. The ability of the SAPF 
to compensate for the harmonic current of the load 
filter is demonstrated for the wind-diesel stand-
alone system. The results show the effectiveness of 
the SAPF based on FLC controller. The source 
current is sinusoidal and in phase with the source 
voltage. At the harmonic compensation in steady 
state, the SAPF based on PI controller has a THD 
about 2.5%. The filter based on FLC leads to a THD 
of about 0.2%. Both controllers however produce 
similar transient response performance. Overall, the 
total harmonic distortion of the current meets the 
threshold set by the IEEE519 Standard.  

A comparison of the three controllers in terms 
of THD achieved is summarized in Table 3.   

TABLE III 
COMPARATIVE PERFORMANCE OF SAPF CONTROLLERS IN TERMS OF 

THD. 

without 
SAPF 

 30.07% 

with SAPF PI controller 2.5 % 

 Fuzzy 
controller 

2% 

6 Conclusions 
The paper presents a simulation study under 

Matlab/Simulink of the power management and 
power quality enhancement strategies for a wind-
diesel standalone hybrid power system when 
connecting a non-linear load. Various control 
strategies are investigated for the three-phase shunt 
active power filter (SAPF) to mitigate current 
harmonics generated by the nonlinear load. The 
indirect current control strategy was able to suppress 
the harmonics in the system during balanced 
sinusoidal, un-balanced sinusoidal and balanced 
non-sinusoidal conditions.  

The simulation studies show that the fuzzy 
logic controller has resulted in better performance as 
compared to the PI controller. Finally, the results 
obtained showed that, with the proposed fuzzy 
logic-based SAPF controller the supply current is 
sinusoidal with low harmonic distortion and in 
phase with the line voltage. The total harmonic 
distortion of source current has been reduced from a 

high value to an allowable limit and to meet the 
IEEE 519 standard. 
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