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ABSTRACT 

This paper introduces a design and simulation of an adaptive shunt active power filter (APF) for 

harmonic mitigation and power factor (PF) correction of 630 kW DC motor (DCM) drive 

(called By Pass Motor Fan in production line # 2 in Assiut cement company). Due to the 

presence of power thyristor converters, a very bad PF and different harmonic components exist 

in the system, especially in the input current to the DCM drive. All measurements needed for 

complete analysis at the Medium Voltage (MV) supply source side and at Low Voltage (LV) 

motor drive side are performed using professional power quality (PQ) analysers and their 

associated software programs. The studied system is modelled and simulated using MATLAB 

Simulink software. The instantaneous active and reactive current components id and iq control 

method is used in this study to drive the shunt active filter. Therefore the harmonic contents at 

MV supply source and at point of common coupling (PCC) with the DCM drive are reduced to 

the standard values. Both digital simulation and practical measurements are presented and 

consistent. The results show that a good dynamic and steady-state performance of the system is 

achieved. 

Keywords: Active power filter, DC motor, harmonics mitigation, power factor correction and 

power quality. 

1. Introduction 

Connection of the electrical network to nonlinear loads such as rectifiers, inverters, AC 

regulators, arc furnaces, welding machines, fluorescent lighting, uninterruptable power 

supplies UPSs, elevators, battery chargers, cranes, steel mills, adjustable speed drives 

ASDs, etc… cause the appearance of current and voltage harmonics and lower PF 
[1].Also these nonlinear loads may bring detrimental effects to electric PQ and finally 

increase the power losses. Moreover, from economical viewpoints, a utility’s revenue 

may get affected at a higher cost. Therefore, efficient solutions for solving these 

pollution problems have become highly critical for both utilities and customers. Active 

and passive filters are used for mitigation, elimination or reduction of these effects. 

Passive power filters (PPFs) have many disadvantages [2], such as their inability to 

compensate random harmonic current variation. They are designed only for a specific 

frequency and the possibility of resonance at PCC, tuning problems and filter 

overloading are all disadvantages of such filters. The other drawback of PPFs is that 

the sizes of required elements are bulky. The application of APFs for mitigating 

harmonic currents and compensating for reactive power of the nonlinear load was 

proposed [3]. The theory and development of APFs have become very popular.  
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They are the most effective solution used to eliminate harmonic pollution in power 

systems and have attracted much attention because of their following advantages: 

 The capability to compensate random varying currents. 

 Good controllability and fast response to system variations. 

 High control accuracy. 

The APFs appear to be a viable solution for controlling harmonics-associated 

problems. In operation, the APF injects compensation currents at PCC into the AC 

lines equal but in opposite direction to distortion, as well as absorbing or generating 

reactive power, thereby eliminating the unwanted harmonics and compensate for 

reactive power of the connected load [4]. In this way, the APF cancels out the 

harmonic currents and leaves the fundamental current component to be provided by the 

power system and improve the poor system PF [5]. Furthermore shunt APF can keep 

the power system balanced under the condition of the unbalanced and the nonlinear 

loads. 

2. Nonlinear Loads Distortion and Harmonic Standards 

Nonlinear loads draw non-sinusoidal current, even when connected to a sinusoidal 

voltage. Also, the voltage and current waveforms are not of the same shape as shown in 

Fig.1 and contain fundamental frequency as well as non-fundamental frequencies [6]. 
 

 
Fig.1. A load is termed non-linear when the current wave-form no longer 

corresponds to voltage waveform. 

The amount of distortion in the voltage or current waveform is quantified by means of 

an index called the total harmonic distortion (THD). The THD in current is defined as 

[6]: 

%THD=    √∑                                                                                                            (1) 

Where n is the number of the harmonic, THD in the voltage can be calculated in a 

manner similar to eqn.(1). The significant harmonic frequency currents generated in 

power conversion equipment can be stated as [7]:                                                                                                                             (2) 

Where n is the significant harmonic frequency, k is any positive integer (1, 2, 3, etc.), 

and q is the number of power pulses that are in one complete sequence of power 

conversion.  



2246 

Gaber EL-Saady et al., Design and simulation of shunt active power filter for Assiut cement 

company DC motor drive, pp. 2244 - 2259 

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 6, 

November, 2013, E-mail address: jes@aun.edu.eg 

In the case study of a three-phase full wave bridge rectifier as shown in Fig.2, the 

number of power pulses is six ( i.e. q=6) and the following significant harmonics may 

be generated: 

For k =1, n  = (1*6) ± 1 =  5
th
   and   7

th
  harmonics. 

For k =2, n = (2*6) ± 1 = 11
th
 and 13

th
 harmonics. 

 

 

 

 

 

 

 

Fig.2. The system under study 

With converter circuit shown in Fig.2, harmonics below the 5
th
 harmonic are 

insignificant. Also, as the harmonic number increases, the individual harmonic 

distortions become lower due to increasing impedance presented at higher frequency 

components by the power system inductive reactance. So, typically, the     harmonic 

current would be the highest, the     would be lower than the    , the      would be 

lower than the    , and so on, as shown below:                                                                                                       (3) 

PQ standards (IEEE-519/1992) have specified the limits on the THD of currents and 

voltages that a user of power electronics equipment and other nonlinear loads is 

allowed to inject into the utility system.  

The harmful effects of harmonic distortion [6] are not known until failure occurs 

because these harmonic currents circulate in the electrical network (increasing total 

current’s RMS value), disturb the correct operation of the components and even it may 
damage them, these effects can be divided into 2 groups :  

1) Instantaneous effect which may cause interfering with electronics communication 

and power system protection, such as circuit breaker tripping or blown fuses, 

malfunction or performance degradation of equipment's and devices, distorted 

measurements (current, voltage, power, etc...). 

2) Long-term effect which may cause reduction the lifetime of the electrical device or 

equipment, insulation failure, capacitors failures, overheating of the transformers and 

rotating machines, increased heating in the conductors.  

Because of the reasons mentioned above, therefore, a shunt APF is used to eliminate 

the harmonic components from the power distribution systems. 
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3. Description of the System under Study  

Figs. (2 and 3) illustrate the description of the studied system .The studied system 

consists of a separate excitation DCM, whose field circuit (          ) is connected 

directly to a fixed DC supply (    =113 V).The armature circuit of DCM is connected 

to three phase power supply (                ) through a delta star power transformer 

(   ), a six-pulse controlled rectifier thyristor converter called Graetz Bridge and 

filtering drive inductance (  ) as shown in Fig.2. All the parameters of study case are 

listed in Appendix I. 

DCM

ZMV ZLV

D/Y n

950 KVA 

Transformer

Thyristor
Converter

DC drive

630 KW   
6.3 KV  
Side    

660 V  
Side    

RMV , LMV RLV , LLV

PCC imiLViMV

 
Fig.3. Single line diagram of the studied system 

The Torque and speed of DCM are controlled through the drive armature current 

(ID=Iarm). The current Iarm is adjusted with Varm, which is controlled by the firing angle 

α through the following equation [7]: 

Varm = 
  √                 1.35.       .                                                                         (4) 

Where             is the secondary RMS line voltage, at the thyristor terminals of the 

converter. The currents generated from rectifier shown in Fig. 2 are far from being 

sinusoidal. They have the following Fourier series harmonic content for the phase “a” 
current on the LV side of the Transformer [7]:     = 

 √      (                                    )                         (5) 

The current characteristics obtained from eqn. (5) are: 

 The absence of triple harmonics. 

 The presence of       harmonics for (k=1, 2, 3, etc). 

Due to the power electronics circuitry of ASD, the input supply current to the DCM 

drive contains various harmonics components.  

According to the system configuration shown in Figs.(2 and 3) practical measurements 

using professional power quality analyzers (see Appendix II) for phase voltages, phase 

currents and their associated harmonics spectrum of the DCM drive are plotted with 

FFT analysis for MV side and LV side as shown in Figs.(4 and 5). 
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Fig.4. (a) Practical measurements of MV current and voltage waveforms for 

phase a, b and c before using the APF (for a period = 4 cycles =80 ms). 

The voltage values are scaled by turns ratio of 6300/100.    
(b) FFT analysis of the MV current waveforms 

 

 

 

i c

i a

 

(a) (b) 

Fig.5. (a) Practical measurements of LV current and voltage waveforms for 

phase a, b and c before using the APF (for a period = 4 cycles =80 ms). 

(b) FFT analysis of LV current waveform  

These practical results show that, the presence of    ,          and      harmonic 

currents and the % THD of MV and LV currents exceeds the standard values (IEEE-

519/1992). However the voltage waveforms of MV and LV sides are approximately 

sinusoidal with acceptable values of THD as listed below in Table 1, and the system PF 

varies from 0.29 to .32. 

Table 1 

% THD of phase voltages for phase a, b and c (for a period = 24h). 

                 Voltage  % THD  MV side          Voltage  % THD  LV side 

 
 Avg. = Min. = Max.= 

 
 Avg. = Min. = Max.=       1.02 0.90 1.20       4.72 3.60 6.50       0.97 0.80 1.20       4.43 3.30 6.00       0.90 0.70 1.10       4.69 3.40 6.30 
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4. Proposed System with Shunt APF 

The basic compensation principle of APF is to detect the unwanted harmonic 

components of the line currents (  LV), and then to generate and inject a signal into the 

line in such a way to produce partial or total cancellation of the unwanted components. 

The APF is controlled using instantaneous active and reactive current component       method [8] which provides efficient way to get rid of the harmonics resulted 

from the system. Such control of the APF is applied through the DCM drive load 

current (  ), filter current (  ) and the APF DC voltage (   ) as shown in Fig. 6. Each 

component of the proposed control system will be explained in the following 

subsections. 

  

  

 
 

 

660 V
 

 

6.3 KV

 

APF control 

circuit
 

Vdc

3 Ph. Power

Transformer

3 Phase 

Converter

3 Ph. AC 

Supply DCM

APF

if

if im

imiLViMV

PCC

Fig.6. Proposed system with APF schematic diagram. 

4.1. Design of shunt APF system 

The APF with parameters listed in Appendix III is connected in shunt at PCC, which is 

considered LV load terminals, to reduce harmonics and improve PF with consequential 

improvement at MV source side. The APF Design criteria shown in Fig.7compose: 

 A power inverter circuit (VSI).  

 Smoothing inductor (  ). 
 Smoothing high frequency filter capacitors (  ). 
     Capacitor       .  
 Control circuit to obtain the reference currents. 

The VSI contains three phase isolated gate bipolar transistor (IGBT) with anti-

paralleling diodes connected to the DC capacitor located at the    bus of the IGBTs. 

The DC capacitor serves as an energy storage element for providing a constant DC 

voltage for real power necessary to cover the APF losses at steady state. The filter 

capacitance    is used to mitigate the high-frequency ripple components and thus 

reducing the switching stress on the APF switches [9]. 
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4.2. Current supplied by the shunt APF 

From Fig.7 it is seen that; APF is controlled to draw/supply a filter compensating 

current (  ) from/to the system, so that it cancels current harmonics on the AC side, and 

makes source current (   ) in phase with source voltage (   ). In this figure curve A is 

the non-linear DCM drive load current (  ) waveform, curve B is the desired mains 

current (   ) and curve C shows the filter compensating current (  ) injected by APF 

containing all harmonics, to make mains current sinusoidal as indicated from the 

following equations [10]: 

Gate Driver

APF control circuit

Q2

Q
5

Q
3

Q
6

Q
1

Q
4

Cf

Rf2

Lf

Cdc

i f 
b

i f 
c
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VLV(rms) 

660 V

i f 
a

To

IGBTs

Voltage Source Inverter(VSI)

Nonlinear Load

DCM

AB

C

iLV a

iLV b

iLV c

im a

im b

im c

im if 

+
-

Rf1

                                                        

Let, the source voltage at LV side is given by                                                                                                                       (6) 

The source current at LV side can be written as                                                                                                                      (7) 

Where               are load and filter currents, respectively. The DCM drive load 

current will contain a fundamental and harmonics components, which can be written as                     

                                          ∑                                      ∑                                                                                (8) 

In (8), there are three terms 

                                                          ∑                     
 

                                             Active           Reactive                 Harmonics 

Where             and             

The instantaneous load power can be given as 

                                                                                                     (9)  

                                                   +                     
         +          ∑                                                                                   (10) 

                                                                                                               (11) 
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From (10), the active (fundamental) power drawn by the DCM drive load is                                                                                                   (12) 

From (12), the source current after compensation is                       ⁄                                                                                (13) 

The APF provides total reactive and harmonic power              , which the load 

needs, so        will be in phase with utility voltage        and will be purely 

sinusoidal. In this case, APF must provide the following compensation current:                                                                                                                   (14) 

Hence, for accurate and instantaneous compensation of reactive power and harmonic 

currents, it is necessary to estimate the fundamental component of the DCM drive load 

current using instantaneous active and reactive power Theory. 

4.3. Instantaneous power in dqo-Axis 

The instantaneous active and reactive power component theory (p–q theory) is widely 

used in the APF control circuitry to calculate the desired compensation current [11-16] 

as shown from the following equations: 

The voltage and current in dq0 axis can be obtained from abc axis by Clark 

transformation [16]: 

[      ]   √   [  
           √  √   √  √  √ ]  

  
.[      ]                                                                                  (15) 

Also, the voltage and current in abc axis can be expressed from dq0 axis using Clark 

transformation inverse [16]: 

[      ]   √   [  
     √     √   √    √   √ ]  

  
.[      ]                                                                                  (16) 

Phase voltages in dq0 axis can also be obtained by eqn. similar to eqn.(15)  

The Instantaneous power is equal to 

                                                         Active power        (         )             Reactive power                                                         (17) 

                                                                    Zero power component 

Eqn. (17) can be rewritten in matrix form as: [     ]      [                  ].[      ]                                                                             (18) 

The instantaneous active and reactive power can be expressed as the sum of AC and 

DC values as follows: 



2252 

Gaber EL-Saady et al., Design and simulation of shunt active power filter for Assiut cement 

company DC motor drive, pp. 2244 - 2259 

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 6, 

November, 2013, E-mail address: jes@aun.edu.eg 

 p =  p  +  ͂       and       q =  q  +   ͂                                                                               (19) 

Where  p  and   q  are the DC values of active and reactive components respectively. 

These components are created from positive sequence component of the load current.  

The AC values of p and q ( ͂,  ͂) are produced from harmonic components of the load 

current .One of the benefits of eqn.(18) is that the   ͂       can be compensated  using 

the following equation [        ]          [          ]  [  ͂      ]                                                                        (20) 

With inverse Clark transformation, reference currents for APF can be found as follows: 

[                  ]   √   [  
     √     √   √    √   √ ]  

  
.[         ]                                                                          (21) 

5.   APF Control Method 

The quality and performance of the shunt APF is based on control circuit to generate 

the reference currents, that must be provided by the filter to compensate load reactive 

power and harmonic currents. This involves a set of currents in the phase domain, 

which will be tracked generating the switching signals applied to VSI by means of the 

hysteresis control switching technique, such that the desired current reference is 

exactly followed. 

5.1. Compensating reference current  

The control strategy for a shunt APF configuration requires the measurement of both 

the actual load and filter currents. The actual filter currents are compared with 

reference currents as shown in Fig.8. The comparison result is fed to gate pulse 

generation system with hysteresis band control. Hysteresis band current regulators 

have been widely used for APF applications because of their high bandwidth, simple 

structure and it is the fastest control with minimum hardware and software. 

As illustrated in Fig. 8, the distorted measured DCM drive load 

currents                    ) are transferred into synchronous rotating reference frame 

(   ,   ) using      to     transformation block [8] and the phase locked loop (PLL) 

circuit to maintain the synchronization with supply system. Using a high pass filter 

(HPF), the harmonic components of total active load current are extracted. Then AC 

active current harmonic components (     =∑          ) are derived. The reactive 

power flow is controlled by the fundamental harmonic quadrature current      . 

However, considering the primary end of the APF is simply to eliminate current 

harmonics caused by nonlinear loads, the current       is set to zero [8]  as shown in 

Fig. 8. The harmonic reference currents                   ) are transformed 

to                          ) through        to       transformation block. 
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Fig.8. APF control circuit by using the instantaneous active and reactive current 

component method. 

5.2. DC voltage regulation  

The DC bus proportional integral PI controller shown in Fig. 8, regulates the DC bus 

voltage     to its reference value      , and compensates for the inverter losses. The 

DC capacitor voltage is sensed and then compared with a reference value. The obtained 

error (e =      -    ) is used as input for PI controller, the DC bus controller generates 

a fundamental harmonic direct current     to provide the active power transfer required 

to regulate DC bus voltage and compensate the inverter losses. 

5.3. The gate pulse generation system 

In this paper, a shunt APF with hysteresis band control is used to compensate the 

disadvantages appearing due to the use of nonlinear load. As shown in Fig. 9, it 

consists of the hysteresis current controller with fixed band, which derives the 

switching signals of the VSI from the current error. The harmonic reference 

currents                          ) are compared to the actual filter currents                     ), 
and produce the error which is the input to the hysteresis current controller to keep the 

current within the hysteresis band and to produce gate switch control pulses (  ─  ) 

for the IGBTs bridge of the VSI. 
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Fig.9. Gate pulse generation system using hysteresis control. 

6. Simulation Results and Discussion 

To evaluate the operating performance of the designed system with and without 

adaptive shunt APF, a 3-phase system is built using MATLAB Simulink. The system 

model as illustrated in Figs.(2 and 3) consists of fundamental supply voltage at MV 

side (   ) connected to a power transformer (   ) through MV cable with resistance 

and inductance (        ).The transformer (   ) LV side is connected to converter 

thyristor rectifier through LV cable with resistance and inductance (        ) to DCM 

inserted into the DC side of the converter. The DCM resistance and inductance of 

armature and field coils (  ,            ), inserted into the model are measured 

practically using professional motor parameter analyser (see Appendix II) .In these 

simulation studies, the supply voltage (   ) is assumed to be sinusoidal. 

The phase “a” voltage and current waveforms and their associated THD before and 

after connecting APF to DCM drive system are illustrated in Figs.(10–14) where: 

 (     ,     ) are MV phase current and phase voltage. 

 (      ,     ) are LV phase current and phase voltage. 

       is the DCM drive current. 

       is the injected APF current. 

The THD of MV current is 1.28% and 1.92% for current at DCM drive LV side against 

59.31% and 90.52% for the THD of current before using the APF.  

Therefore, the APF reduced the THD of DCM Drive current at MV side from 59.31% 

to 1.28% and at LV side from 90.52% to 1.92%.  

Fig.11 shows, MV current waveform (       is approximately in phase with MV 

voltage waveform (      , hence the PF is approximately  near to unity and from 

Figs.(11a and 13a) Noting that , the values of current THD decreased when the shunt 

APF is connected in the system compared to the values of THD  without the shunt 

APF. That means the distortions in the waveforms are decreased and the supply current 

becomes harmonics free. 
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Fig.10.   MV side current and voltage waveforms and their FFT spectrum  

( from MATLAB Simulink model) for Phase “a” before using the APF 
 
 

0.02 0.04 0.06 0.08 0.1

-20

0

20

(A)

iMVa  

 

%
 o

f 
F

u
n
d
am

en
ta

l 

 

0.02 0.04 0.06 0.08 0.1
-6

-3

0

3

6

(kV)

vMVa  

 %
 o

f 
F

u
n
d
am

en
ta

l 

 

Time (s) 

 

Frequency Order 

Fig.11.   MV side current and voltage waveforms and their FFT spectrum       

( from MATLAB Simulink) for Phase “a”  after using the APF 
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Fig.12.   LV side current and voltage waveforms and their FFT spectrum        

( from MATLAB Simulink) for Phase “a”  before using the APF 
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Fig.13.   LV side currents and voltage waveforms and their FFT spectrum          

(from MATLAB Simulink) for Phase “a”  after using the APF 
 

 
 

 

Fig.14. Injected APF current waveform (from MATLAB Simulink) for 

Phase “a”  
7. Conclusions 

In this paper, the performances of the proposed shunt APF were verified through 

simulation studies using MATLAB under different operating conditions. The 

simulation results showed that the shunt APF with adaptive control is able to adapt 

themselves to the variations in the DCM drive load currents. As for the shunt APF, it 

can correct the supply power factor to near unity besides compensating the harmonic 

currents present in the DCM drive load current. The shunt APF allows the harmonics 

present in the utility system to be compensated, providing a good quality of power 

supply to customers. Since, the design concepts of the proposed shunt APF are 

obtained. The current analysis and simulation results serve the practical engineer to 

design control circuit for hardware implementation of the APF for this DCM drive. 
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APPENDIX I 

The values of DCM drive system parameters that used in simulation are 

shown in the table below. 

DC Motor Parameters 

Rated  { voltage, current, speed } 

Excitation {voltage , current} 

Armature resistance& inductance,       

Field  resistance& inductance,       

Field-armature mutual inductance     

DCM drive Power electronics  

Snubber resistance& capacitance       

Forward voltage   &    

Drive filtering inductance    

MV Cable Parameters 

resistance& inductance,         

LV Cable Parameters 

resistance& inductance,         

3 Phase step down Transformer 

Nominal power &frequency 

MV winding resistance& inductance 

LV winding resistance& inductance 

630 KW, separate excitation 

750    , 902    , 490 rpm 

113    , 34    , 

32.5 mΩ, 0.56 mH 

3.045 Ω, 1.264 H 

145.6 mH 
 

Thyristor 

3 KΩ,  31.5 µF 

1.3 V ,  0.164 Ω 

50 mH 

XLPE 

3.15 mΩ,7.32 µH 

XLPE 

0.476 mΩ,1.432 µH 
 

DYn, 6.3KV/660V 

950 KVA, 50 HZ 

1.037 Ω , 23.46 mH 

3.792 mΩ, 85.821 µH 
 

APPENDIX II 

The Devices used in practical measurements in this study are: 
1. HIOKI PW3198 Power quality analyzer with PQA-HiVIEW PRO software  

2. CHAUVIN ARNOUX C.A 8335&C.A 8334B energy analyzers with Quali-star software. 

3. MCE-Gold 2.4 Motor parameters Analyzer. 

 

APPENDIX III 
APF and its control circuit parameters 

Smoothing filter parameters 

Series Filter inductance& resistance,    ,    

shunt Filter capacitance& resistance,    ,    

Filter DC capacitor,     

Power device (VSI) parameters 

IGBT internal resistance     

Snubber resistance& capacitance ,    ,   

PI Voltage regulator system parameters: 

Proportional gain for voltage regulator 

integral gain for voltage regulator 

DC reference voltage,     

 

1.25 mH , 1 mΩ 

743.5 µF, 1 Ω 

4700 µF 

 
 

10 m Ω 

5KΩ , 0.05 µF 
 

0.06 

0.0009 

1500 V 
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 أسيوطمحرك تيار ثابت بمصنع اسمنت مشغل تصميم ومحاكاة مرشح قدرة فعال ل
 الملخص العربى:

ق تُ ل م ه  ق لت ي  ل ع لفع  ل  شح  ك ل يم  مح ف  ت ت ل لتشغيل  ف  تحت 
ل لك  إ ك ل  مل  حيح مع ت ل   لتي /  ج في  ل ي (  ف لت  تحسين جلتغي ) 

شغل ل ل ي ل غ ل ل  م  بت ق ظ ل لتي  لـ  كي 636 مح  ح  ( By Pass)ل
قم  إنت  ط  ط. 2 ب ت أسي ع أس  في م

نه  ج حيث  ب  ل بس تيح  ني )مف ت ست ال ي حب( ل ل ع  م في س لتح م  ف ،  ظ
ل ي مل  ي    سي مع غ فل ي  إلي إض ف لت ي من  لع ص في ج  ، خ ظ ل لتي في 

ل حي م  لتي ن لك  ك ح  ل ع  م في س لتح م  ظ ي ل غ  .ل

ص ب   ل مج  ل ل  يل  ز تح ج ست  ءتم  س  إج ي ل يع  ل ج تي  م ل لا
م ل لا ما  ع ل يع  ج ي  ف لت ل  مل  يل مع م مل لتح ظ سط ل ت ل ل   ع 

 (MV ) ي فض  ع ل . ( LV) ل  ح ل ع  م في س لتح م  ظ  ل

مج   ن ست ب ء ن ب ك (  MATLAB Simulink)تم ب ك تشغي  مح م  ظ ل يل  لت
فق ت بين  ست ه ت ي ب لع س  ي ل ئج  نت ك  ح ل ئج  مج نت ل ل  يل  ز تح ج

ص ب    .ل
حظي تم  ل ل  ي  لفع في ست نظ ل  شح  يم م مج  ت ن ست ب لت ب
(MATLAB Simulink   ) ه صي ك ت قت مشت م ع ن  ظ ل  Point of Common) ب

Coupling  ) ( فض ل ل  ي   . ( LVع

ج في  أ ل ي  ف لت ف  ن لفع  ل  شح  ست م م ب م ك ظ ك ل ح ل ئج  نت
س ب ل سي  ي ل لح  لي  ل  حي م  لتي ن ت  ل  ل لي مل  تحسين مع

حيح  ل ح  ل لك من  من ثم ك ل  ليف في متحسين ج  لت لف  يل  .ت بي ل ل  م   ظ


