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Abstract: This paper introduces a design and simulation 

of a Shunt Active Power Filter (SAPF) for harmonic 

elimination of non-linear static and dynamic loads. These 

harmonics are generated due to non-linear industry loads 

based on power electronic elements and they cause 

enormous economic loss. The proposed SAPF uses a new 

artificial intelligent technique called Particle Swarm 

Optimization (PSO) for tuning the parameters of PI 

controller to achieve optimality for dc-link voltage of the 

SAPF-inverter. This controller is abbreviated and called 

PI-PSO controller. To test the robustness of the controller 

and the proposed system, two static and dynamic loads 

that fed from three-phase fully-controlled three-phase 

bridge rectifier are considered. The static load is an 

inductive load and the dynamic one is a dc separately 

excited dc-motor. The hysteresis non-linear current 

control method is used in this approach to compare the 

extracting reference and the actual currents in order to 

generate the pulse gate required for the Shunt Active 

Power Filter. Results obtained by simulations with 

Matlab/Simulink show that the proposed approach is very 

flexible and effective for eliminating harmonic currents 

generated by the non-linear loads with the shunt APF 

based PSO tuning. However, the total harmonic distortion 

(THD) is minimized and the supply power factor (PF) 

becomes approximately equal unity. 
 
Key words:  Active Power Filter, PI controller, Particle 

Swarm Optimization, Hysteresis current control and DC 

Motor model. 

 

1. Introduction 

The need for effective control and efficient use of 

electric power has resulted in massive proliferation 

of power semiconductor processors / converters in 

almost all areas of electric power such as in utility, 

industry, and commercial applications. This has 

resulted in serious power quality problems, since 

most of these non-linear converters contribute to 

harmonic injection into the power system, poor 

power factor, unbalance, reactive power burden, etc. 

all leading to low system efficiency. The harmonic 

currents due to using the nonlinear industry loads 

spread into electric grid and interact adversely with a 

wide range of power system equipments, control 

systems, protection circuits, and other harmonic 

sensitive loads which leads to negative effect on 

them. 

 The passive filters were used to mitigate the 

harmonics and improve the power factor. These 

passive filters have disadvantages such as: resonance, 

the large size, insufficient fitness for large bands of 

harmonic frequencies which implies using of many 

filters, fixed compensation (very low flexibility for 

load variations which implies new filter design for 

each load variation) [1]. Among the various options 

available to improve power quality, the use of Active 

Power Filters is widely accepted and implemented as 

a more flexible and dynamic means of power 

conditioning [2-3] and many publications have 

represented in this subject [4-7]. Many control 

techniques such as instantaneous power theory [8-9], 

flux based controllers [10], and notch filters [11] 

have been introduced. Most of these control schemes 

are difficult to implement and require various 

transformations. 

The SAPFs are presently the powerful tools and 

the most versatile and effective solution to face up to 

the challenge of reducing or eliminating the 

undesired current disturbances, protecting electrical 

equipment which could be affected by poor power 

quality and avoiding the propagation of generated 

disturbances to be followed toward the source or 

power supply[12-13].  
 

In this paper, a SAPF is proposed to suppress 

harmonics due to both static and dynamic loads. The 

dc-link of the SAPF is controlled by using PI-

controller. A new algorithm using particle swarm 

optimization (PSO) is proposed for tuning process of 

PI-controller gains (Kp and Ki). The robustness is 

tested by applying SAPF on both static and dynamic 
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loads. The static load is an inductive R-L load. In 

addition, a dc motor fed from thyristor controlled 

bridge rectifier is used as a dynamic load with a wide 

range for firing-angle changing from (0 to 180 

degree). The hysteresis current control method is 

used to generate the gate pulses required for the 

SAPF by comparing between the actual currents and 

the reference currents. A simulation results by using 

Matlab/Software Package are obtained for several 

load conditions. The results show that the SAPF is a 

good tool for harmonic mitigation with all orders and 

the supply power factor is improved to unity. 

 

2. Description of the System Under Study 

Figure (1) shows the system under study. It 

consists of three basic units which are three-phase 

supply voltages, active power filter and non-linear 

load. These units are analyzed separately and 

integrated to develop the complete model for 

simulation. 
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Fig. 1. Block diagram of the system with shunt APF 

 
3. Three-Phase System Dynamic Model 

3.1 Model of Three-Phase Supply Voltages  

Under ideal conditions, the three-phase supply 

voltages are obtained by 
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Where, Vm is the peak value of the supply voltage 

and   is the angular frequency of the supply voltage 

in rad/sec. 

The three-phase supply currents can be expressed 

as: 
                        
                      
                       

             }        (2) 

Where,                                             are 

the three-phase supply, SAPF, and load currents 

respectively. 
 

3.2 Active Power Filter Model 

APF is a power electronics device based on the 

use of power electronics inverters. The SAPF is 

connected in the point of common connection 

between the source of power system and the load 

system which present the source of the polluting 

currents circulating in the power system lines[14]. It 

is composed of a standard three-phase voltage source 

inverter bridge with a dc bus capacitor to provide an 

effective current control. The controlled currents of 

the SAPF are given by the following differential 

equations: 

      (     )    (        )          
      (     )     (        )        
      (     )     (        )         

     }    (3) 

Where, Rf and Lf are the resistance and the 

inductance of the APF. Vfa, Vfb and Vfc are three-

phase APF voltages. 

The DC capacitor current can be obtained in terms 

of three-phase APF currents as:  

idc= ifa Sa+ ifb Sb+ ifc Sc                   (4) 
 

Where, Sa, Sb and Sc are the switching functions 

determined by state of the APF devices.  

The dc side capacitor voltage     can be given by 

                                                     (5) 

The three-phase APF voltages can be determined 

by 
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The shunt active power filter (SAPF) is mainly 

connected with the power grids to eliminate 

harmonics which are generated during the operation 

of them. The principle of SAPF is to generate 

compensated currents equal in magnitude and 

opposite in phase to those harmonic currents. This 

can keep the grid current in sinusoidal form and the 

source does not process harmonics which can 

enhance the system efficiency and the overall system 

performance. 
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3.3 Non-linear Load Model 

3.3.1 Nonlinear Static Load Model 
The nonlinear static load model comprises of 

three-phase controlled thyristor bridge with inductive 

load. the describing equations of the model are: 
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Where,           are the instantaneous output 

voltage and the peak voltage of the bridge 

respectively.   ( ) is the DC average voltage of the 

bridge output.   is the firing angle and         

rad/sec.    is  the rms supply line voltage = √      . 

L is the load inductance (H) and R is load resistance 

(Ω).    is the load angle and n is the order of 

harmonic. 

 

3.3.2 Nonlinear Dynamic Load Model 

The nonlinear dynamic load model consists of 

three-phase controlled thyristor bridge with 

separately excited DC motor. The model of DC 

motor comprises of electrical and mechanical 

equations as follow [15-17]:  

u=e + Rai + L(i)
  

  
                  (13) 

T=T1 + T2+   
   

  
                  (14) 

Where, u, e, i, Ra and L(i) are the armature 

voltage, back EMF, current, resistance, and 

inductance respectively. The inductance L(i) is a 

nonlinear function of current. T, T1 and T2 are the 

electromagnetic torque, the no-load torque and the 

load torque respectively.    is rotational angular 

speed (rad/sec).    is the inertial moment of the 

rotator and load. The armature back EMF and the 

electromagnetic torque can be expressed as: 
 

e = K1Φn= Ken                  (15) 

T = K2Φi= KTi                 (16) 
 

Where, Φ is the magnetic flux. n is the rotational 

speed (revolutions per minute) and n=60ω/2 . K1, 

K2, Ke and KT are coefficients. T1 is generated from 

the losses of the motor and can be expressed 

approximately as : 

T1≈ Tf + Tr+ Tp                               (17) 

Where, Tf is the friction torque, which is produced 

by the friction in the bearing or the friction between 

the brush and the commutator. Tf influences the 

motor startup characteristic and the startup voltage. 

Tr is produced by the bearing lubrication Tr = frn. Tp 

is produced by the aerodynamics, such as the 

resistance of the fan and Tp= frn
2
. Therefore, the 

equations 17 and 18 can be rewritten as: 

u= Ken + Rai + L(i)
  

  
                  (18) 

KTi = Tf + frn + frn
2
 + T2+   

  

  
                (19) 

Where, J1 =(2 /60)   .  

 

4. Non-linear System Model with Control   

Scheme 
Figure (2) shows the proposed control scheme of 

the shunt APF. The components of this control are 

explained as follow: 

 
 

 

        
           

 

 

 
                                                     

                                                           

 

 

 
                                                  

 

 

 

 
 

Fig. 2. The system with control scheme of SAPF 

 

4.1 PI Controller 

The PI controller is used for controlling of the 

SAPF to suppress the generating harmonics during 

the operation of the system by the injected filter 

currents. The DC side capacitor voltage is sensed and 

compared with a reference voltage. This error 

e=Vdcref – Vdc is used as an input to PI Controller and  

the output is the peak value of source current (   
 ). 

After    
  is obtained, it is multiplied by the unit sine 

vectors in phase with the respective source voltages 

~  
 

RL 

 

 

 

LL 

VL 

id 

 

Cdc 

 

 

Rf 

Lf 

Rs Ls 

Vs 

is iL 

if 

 +  - 
Vdc Vdcref 

Hysteresis current 
controller 

PI 
 controller 

 

Reference currents 
estimation    

  

Nonlinear load 

APF 

Gating pulses 

isa, isb and isc 

Vsa, Vsb and Vsc 

Optimized  
By PSO 

e 

DCM E 

   
     

     
  



to obtain the reference source currents 

(   
     

         
  ). The transfer function of the PI 

Controller is: 
 

H(s) = KP + KI/S                                                    (20) 

 

Where, KP is the proportional constant gain and  

KI is the integral constant gain. These gains are tuned 

by using Particle Swarm Optimization (PSO). 

 

4.1.1 Particle Swarm Optimization (PSO) 

PSO is one of the most powerful methods for 

solving the nonlinear optimization problems.  It is 

basically developed through the simulation of bird 

flocking in two-dimension space [18-25]. Bird 

flocking optimizes a certain objective function. Each 

agent knows its best value so far (pbest) and its XY 

position. Moreover, each agent knows the best value 

so far in the group (gbest) among pbests. Each agent 

tries to modify its position using the following 

information: 

1  the current position (x,y), 

2  the current velocities (  ,   ), 

3 the distance between the current position, and 

pbest and  gbest. 

The conception of modification of a searching 

point in Particle Swarm Optimization can be 

represented in Figure (3). 

 

 

 

 

 

 

 

 

 
Fig. 3. Concept of modification of a searching point 

 

Where,           : current searching point. 

                
       : modified searching point. 

                        : current velocity. 

                
       : modified velocity. 

                      : velocity based on       . 

                    : velocity based on       . 

 

 Particle Swarm Optimization Algorithm  

The steps of the PSO algorithm can be 

represented as follow: 

Step. 1 Initialize an array of particles with random 

positions and their associated velocities to 

satisfy the inequality constraints. 

Step. 2 Check for the satisfaction of the quality 

constraints and modify the solution if 

required. 

Step. 3 Evaluate the fitness function of each particle. 

Step. 4 Compare the current value of the fitness 

function with the particles previous best 

value (pbest). If the current fitness value is 

less, then assign the current coordinates 

(positions) to pbestx. 

Step. 5  Determine the current global minimum 

fitness value among the current positions. 

Step. 6 Compare the current global minimum with 

the previous global minimum (gbest). If the 

current global minimum is better than gbest, 

than assign the current global minimum to 

gbest and assign the current coordinates 

(positions) to gbestx. 

Step. 7 Change the velocities according to Eq. 21. 
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            : acceleration factors. 

gbest    : gbest of the group. 

        : pbest of agent i. 

             rand     : random number between 0 and 1. 

  
         :current position of agent i at  

             iteration k. 

  
          : velocity of agent i at iteration k. 

W         : weighting function. 

Step. 8 Move each particle to the new position 

according to Eq. 22 and return to step (2). 

 

                  
      

    
                                    (22) 

 

Where,  
     : new current position of agent i at  

              iteration k+1. 

  
        : new velocity of agent i at iteration   

                k+1. 

Step. 9 Repeat Steps 2-8 until a stopping criterion 

is satisfied or the maximum number of 

iterations is reached. 

 

The advantages of the PSO algorithm are: 

1. It is easy to implement. 

2. It has a limited   number   of   parameters  and  

the  impact of parameters  to  the  solution   is 

 small compared to other  techniques. 

3. The calculation in PSO algorithm is very 

simple. 

4. It is less dependent of a set of initial points 

than other optimization methods. 
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 Flowchart of Particle Swarm Optimization  

The steps of the Particle Swarm Optimization 

algorithm can be represented by the flowchart shown 

in Figure (4). 
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Fig. 4. Flowchart of Particle Swarm Optimization 

 

4.2 Reference Source Currents Estimation 

The rms source voltage amplitude (Vsm) is 

calculated from the three-phase source voltages (Vsa, 

Vsb and Vsc) by 
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The direct (or in-phase) unit current vectors are 

given from the three- phase source voltages and the 

rms source voltage amplitude (Vsm) as expressed in 

the following equations. 
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The reference three-phase source currents 

(   
     

         
  ) are estimated as: 
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Where,     
 is the peak value of the source current 

which is the output of the PI controller. 
 

4.3 Hysteresis Non-linear Current Controller  

This method provides instantaneous current 

corrective response, good accuracy and 

unconditioned stability to the system. Also, it aims to 

keep the controlled current inside a defined rejoin 

around the desired reference current [9]. In this 

method, the reference and actual three-phase source 

currents are compared with each other to obtain the 

gating pulses to the devices of APF. The current 

controller decides the switching pattern of the APF 

devices. The switching logic is determined as 

follows: 

If     (   
    ) for leg "a" (Sa=1), the upper 

switch is OFF and the lower switch is ON. 

If     (   
    ) for leg "a" (Sa=0), the upper 

switch is ON and the lower switch is OFF. 

The switching functions Sb and Sc which are 

phases leg "b" and leg "c" respectively are 

formulated similarly by the measured currents 

(           ), the corresponding reference currents 

(   
         

 ) and the hysteresis bandwidth (HB). The 

hysteresis control principle and the gate pulse can be 

represented in Figure (5). 
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Fig. 5. Hysteresis Control Principle 

 

5.  Objective Function 

In this paper, the PSO is used for obtaining the 

coefficients of PI controller KP and Ki. The main 

object of the optimal PI controller design is 

eliminating the harmonic currents generated by the 

nonlinear load in the electric grid. The integral of 

squared error (ISE) is considered as the cost function 

to be minimized. The objective function is given as: 

J=∫ (  )  
 

 
                                    (26) 

 

Where (J) is the cost function and (e) is the error 

which evaluated from the following Equation.  

                                (27) 

Therefore, the design problem can be formulated 

as the following optimization problem. 

Minimize J Subject to 

                                                                (28) 

Where Z is a vector, which consists of the 

parameters of the PI controller. The proposed 

approach employs PSO to search for the optimal set 

of PI controller coefficients which leads to minimize 

the total harmonic distortion. 

 

6. Simulation Results and Discussions 

To test the robustness and validation of the 

proposed controller in harmonic mitigation, several 

static and dynamic loads fed from semiconductor 

switches with distorted supplies are supposed and 

used. First, an inductive static load (RL) fed from 

silicon fully controlled rectified thyristor bridge is 

simulated and tested. The load resistance and 

conductance used equal (R= and L=). The thyristor 

parameters are given in the appendix. Also, a 

separately excited DC motor fed from the same 

thyristor bridge is used as a dynamic load. The motor 

is loaded by two different mechanical load torques. 

The first one is applying a load torque that directly 

proportional to motor speed and the second 

proportional to square value of motor speed. Test 

motor parameters are given in appendix. 

Matlab/Simulink program is used in a simulation 

process. All simulation results include: the supply 

current before and after using SAPF, the phase shift 

between the supply current and voltage to show the 

improvement in power factor, THD, SAPF currents, 

motor starting running and steady state currents, 

motor internal and load torques and DC link actual 

and reference voltages. This results are severely 

obtained for different values of firing angle.  
 

6.1 Non-linear Static Inductive Load  

6.1.1 Without Shunt Active Power Filter 

The supply current of phase A and its total 

harmonic distortion is represented in Figure (6). The 

current (Id) after the controlled bridge is obtained in 

Figure (7). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Supply current (isa) 

 

 

 

 

 

 

 
 

 
 

 

          Fig. 7. Current (Id) after the controlled bridge 
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The results show that the system is affected by the 

nonlinear load during the operation. Where, the Total 

Harmonic Distortion (THD) of the supply current 

(isa) is high and equals 23.27% at firing angle=0 

degree.  

 

6.1.2 Static Inductive Load With SAPF 
 

The PSO is used for PI controller tuning, the 

optimum parameters are obtained by PSO where KP 

=1.6 and Ki = 16. Figure (8) shows the supply current 

(isa) and its Total Harmonic Distortion.  

 

 

 
 

 

 

 

 

 

 
 

 

 

Fig. 8. Supply current (isa) 

 

The filter current (ifa) is obtained in Figure (9). A 

comparison between the THD response of the supply  

and  load  currents is represented in Figure (10). The 

current Id is shown in Figure (11). The response of 

actual DC-link voltage matches well its reference 

with zero steady state error as shown in Figure (12). 

Figure (13) shows both supply voltage and current 

waveforms. It can be noted that there is no phase 

shift between supply voltage and current waveforms. 

This mains that the SAPF improves PF to unity. 

 

 
 
 
 
 
 
 
 
 

 
 

Fig. 9. Filter current (ifa)   

 

 

 

 

 

 
 

 

 

 

 
Fig. 10. Total Harmonic Distortion (THD) 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11. Current (Id) after the controlled bridge 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12. DC-Link reference and actual voltages  

 

 

 

 

 

 

 

 

 

 
Fig. 13. Phase shift of supply voltage and current 

waveforms  

 

  



From the results, the system behavior is improved 

and its performance is enhanced when it is connected 

to the shunt APF controlled by PI controller based 

PSO tuning. This intelligent controller makes better 

performance for the system in facing the generated 

harmonics during the operation. There is marked 

improvement in shape of the supply current and the 

Total Harmonic Distortion as shown in Table 1. This 

proves that the Shunt Active Power Filter based 

Particle Swarm Optimization has strong effectiveness 

for harmonics elimination and improvement the 

overall power system performance. Table (1) 

represents a comparison between the THD of the 

supply current at different  values of the firing angle 

before and after using SAPF based PI-PSO tuning. 

 
Tab. 1. THD% with and without using SAPF for  the 

supply phase current 
 

Firing Angle 

( ) 
0 30 60 90 

THD without 

using SAPF 
23.27% 28.32% 30.11% 37.92% 

THD with 

using SAPF 
0.84% 2.87% 8.44% 

11.33% 

 
6.2 DC Motor Dynamic Load 

This section includes simulation results for DC 

motor fed from thyristor bridge with different load 

torques. 

 
6.2.1 Load Torque (TL) Directly Proportional to 

Speed (  )] 

In this subsection,  the case under study is the 

three phase controlled bridge connected to the DC 

motor. 

The load torque (TL) is considered as a function in 

angular velocity (  ) in rad/sec where TL=K1*   

and K1=0.1143. 

 
6.2.1.1 With Proposed PI- PSO SAPF 

The simulation results are obtained when using 

the proposed PI-PSO SAPF to study its effect when 

using it. Figure (14) shows the supply current and its 

Total Harmonic Distortion (THD) after connecting  

the SAPF controlled by PI controller tuned by PSO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 14. Supply current (isa) 

 

The optimum parameters of the PI controller are 

obtained by PSO where Kp=1.6 and Ki=70. Figure 

(15) shows the filter current and a comparison 

between the THD of supply and load currents can be 

expressed in Figure (16). The motor armature current 

Ia, motor speed (  ), load torque (TL) and internal 

electrical torque (Te) are shown in Figures (17) to 

(20) respectively. Figure (21) represents the response 

of the actual DC link voltage that tracks its reference 

with zero steady state error. 
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Fig. 15. Filter current (   ) 

 

 

 

 

 
 

 

 

 

 

 
 

Fig. 16. Total Harmonic Distortion (THD) 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17. Armature current (Ia) 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 18. Motor speed (  ) 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 19. Load torque (TL) 

 

 

 

 

 

 

 

 

 

 
Fig. 20. Electrical torque (Te) 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 21. DC-Link actual and reference voltages  

 
 

 

 

 

 

 

 

 

 

 

 
Fig. 22. Supply voltage (Vsa) and Current (isa) 

 

From the results, the system behavior is improved 

and its performance is enhanced when using the 

proposed SAPF with PI-PSO controller. The THD is 

decreased to 1.25% at firing angle (α=0). The supply 

current waveform is approximately pure sine wave. 

The power factor is reached to the unity as shown in 

Figure (22). There is marked improvement in the 

system behavior for different values of the firing 

angle as shown in Table (2). 

 
Tab. 2. THD% of the supply phase current with and 

without using SAPF 

Firing Angle 

( ) 
0 30 60 90 

THD% without 

using SAPF 
24.13% 29.18% 31.21% 38.34% 

THD% with 

using SAPF 
1.25% 2.47% 8.73% 11.97% 

 

6.2.2 Load Torque (TL) As A function in 

Speed Square (  
 ) 

In this subsection, the load torque (TL) is considered 

as a function in the square of angular velocity (  
 ) 

in rad/sec where TL=K2*  
  and K2=6.87   . 

 

 

 



6.2.2.1 With PI –PSO SAPF 

The SAPF filter is controlled  by  the PI controller  

tuned by PSO. Figure (23) shows the supply current 

and its Total Harmonic Distortion (THD). The filter 

current is represented in Figure (24).  

  

 

 

 

 

 

 

 

 

 
 

 
 

Fig. 23. Supply current (isa) 

 

 

 

 

 

 
 

 

 

 
 

Fig. 24. Filter current (ifa) 

 

The optimum parameters of the PI controller are 

obtained by PSO where Kp=1.6 and Ki=70. A 

comparison between the THD of supply and load 

currents can be expressed in Figure (25). The motor 

armature current (Ia), internal electrical torque (Te),  

motor speed (  ) and load torque (TL) are shown in 

Figures (26) to (29) respectively. Figure (30) shows a 

comparison between the DC-link actual and 

reference voltages. A comparison between supply 

voltage and current is expressed in Figure (31). 

 

 

 

 

 

 
 

 

 

 

 
Fig. 25. Total Harmonic Distortion (THD) 

 

 

 

 

 

 

 

 

 

 

 
                          Fig. 26. Armature current (  ) 

 

 

 

 

 

 

 

 

 

 

 

 
                           Fig. 27. Electrical torque (Te) 

 

 

 

 

 

 

 

 

 

 

 

 
                           Fig. 28. Motor speed (ωm) 

 

 

 

 

 

 

 

 

 

 

 

 

 
       Fig. 29. Load torque (TL) 

 



 

 

 

 

 

 

 

 

 

 

 
    Fig. 30. DC-Link actual and reference voltages  

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 31. Supply voltage and current  

 

The results show that the Total Harmonic 

Distortion (THD) is decreased which means that 

enhanced in the system behavior and its performance 

when it is connected to the shunt APF controlled by 

PI controller based PSO tuning. The THD is 

decreased to 1.05% at firing angle (α=0). Also, 

waveform of the supply current is improved and 

approximately becomes pure sine wave. Then, the 

power factor is improved and approximately 

increased to unity as shown in Figure (31). There are 

different values of the THD for (α) as shown in Table 

(3). 

 
Tab. 3. THD% of the supply line current with and without 

using SAPF  

Firing Angle 

( ) 
0 30 60 90 

   THD% without   

      using SAPF  
24.1% 29.24% 31.37% 38.62% 

THD% with 

using SAPF 
1.05% 3.136% 9.11% 12.13% 

 

7. Conclusion 

In this paper, SAPF is proposed and introduced as 

a solution for harmonics mitigation. The dc- Link 

voltage of the SAPF is controlled using  PI 

controller. An intelligent technique called PSO is 

suggested for fine tuning and optimization of PI 

parameters. This filter is abbreviated as PI-PSO 

SAPF.  

The robustness of the controller is tested by 

applying two problem loads with the proposed filter. 

Both static inductive and dynamic loads with 

different load torque operations are fed from fully 

controlled thyristor bridge rectifier with a wide range 

of firing angle variation. From simulation results, 

THD for supply phase current is decreased from 

23.27% to 0.84% for Static inductive load when 

using the proposed PI-PSO SAPF. In case of 

dynamic DC motor load, the THD is minimized from 

24.13% to (1.05%:1.25%) for all motor loading 

conditions. This proves that using the proposed PI-

PSO SAPF gives good promotion for its use in the 

harmonics elimination of the nonlinear electric grids. 
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Appendix 

 The system parameters: 

 Nonlinear system parameters Value 

1 Three phase source voltage, Vs 100 V 

2 Frequency, f 50 Hz 

3 Source resistance, Rs 0.1Ω, 

4 Source inductance, Ls 0.15mh 

5 Load resistance, Rl  9Ω 

6 Load inductance, Ll  110mH 

7 Filter resistance, Rf 0.1Ω, 

8 Filter inductance, Lf 0.335mH 

9 DC Capacitance, Cdc 2000 µF 

10 DC Reference Voltage, Vdc 400 V 
 

 

 The Particle Swarm Optimization parameters: 

1 PSO parameter (C1) 1.2 

2 PSO parameter (C2) 0.12 
 

 The motor parameters: 

Motor model: 5HP-240V-1750PM-Field 300V 

 Motor parameters Value 

1 Armature resistance, Ra 2.581 Ω 

2 Armature inductance, La 0.028 H 

3 Field resistance, Rf 281.3 Ω, 

4 Field inductance, Lf 156 H 

5 Field-armature mutual inductance, Laf 0.9483 H 

6 Total inertia, J 
0.02215 

kg.m
2
 

7 Viscous friction coefficient, Bm 
0.002953 

.m.s 

8 Coulomb friction torque, Tf 
0.5161 

N.m 
 


