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ABSTRACT:  POWER SYSTEM HARMONICS ARE MULTIPLES OF THE FUNDAMENTAL POWER SYSTEM FREQUENCY AND THESE HARMONIC 

FREQUENCIES CAN CREATE DISTORTED VOLTAGES AND CURRENTS. DISTORTION OF VOLTAGES AND CURRENTS CAN AFFECT THE POWER 

SYSTEM ADVERSELY CAUSING POWER QUALITY PROBLEMS. NON-LINEAR DEVICES SUCH AS POWER ELECTRONICS CONVERTERS CAN INJECT 

HARMONICS ALTERNATING CURRENTS (AC) IN THE ELECTRICAL POWER SYSTEM. TO MAINTAIN THE QUALITY LIMITS PROPOSED BY 

STANDARDS TO PROTECT THE NON-LINEAR LOADS, IT IS NECESSARY TO INCLUDE SOME FORM OF FILTERING DEVICE TO THE POWER SYSTEM. 

FILTERS HAVE BEEN DEVISED TO ACHIEVE AN OPTIMAL CONTROL STRATEGY FOR HARMONIC PROBLEMS. IN THIS PAPER, THE CASE STUDY IS 

CARRIED OUT AT MESIFIN INDUSTRIAL ENGINEERING DISTRIBUTION SYSTEM. THE MODELS ARE IMPLEMENTED FOR HARMONIC ANALYSIS OF 

TYPICAL INDUSTRIAL LOADS IN MESIFIN INDUSTRIAL ENGINEERING DISTRIBUTION NETWORK BY ETAP POWER STATION SOFTWARE BASED 

ON DISTORTION, THE FILTERS HAVE BEEN DESIGNED. PASSIVE FILTERS ARE INSTALLING AT POINT OF COMMON COUPLING (PCC) OF EACH 

BUS IN DISTRIBUTION TRANSFORMER TO REDUCE THE HARMONIC DISTORTION WITHIN IEEE 519-1992 STANDARDS. 

 

KEYWORDS - ELECTRICAL DISTRIBUTION SYSTEM, NONLINEAR LOAD, TOTAL HARMONIC DISTORTION, HARMONIC FILTERS. 

________________________________________________________________________________________________________ 

 

1. INTRODUCTION 

     ELECTRICAL DISTRIBUTION SYSTEMS ARE AN ESSENTIAL PART OF THE ELECTRICAL POWER SYSTEM. IN ORDER TO TRANSFER ELECTRICAL 

POWER FROM AN ALTERNATING CURRENT OR A DIRECT CURRENT SOURCE TO THE PLACES THOSE ARE INDUSTRIES, HOMES, AND COMMERCIAL 

BUILDINGS WHERE IT WILL BE USED. DISTRIBUTION SYSTEMS USUALLY EMPLOY SUCH EQUIPMENT AS TRANSFORMERS, CIRCUIT BREAKERS, AND 

PROTECTIVE DEVICES.  

    IN ETHIOPIA POWER QUALITY IS ONE OF THE BIG ISSUES TO BE CONSIDERED IN THE COUNTRY POWER SYSTEM TRANSMISSION AND 

DISTRIBUTION. ETHIOPIA IS CURRENTLY BUILDING NUMBER POWER STATIONS IN VARIOUS PARTS OF THE COUNTRY AND ALSO FACTORIES ARE 

INSTALLING LATEST TECHNOLOGICAL ELECTRONIC DEVICES FOR IMPROVING THEIR PRODUCTIVITY. MESIFIN INDUSTRIAL ENGINEERING IS A 

GOOD EXAMPLE IN THIS REGARD. IN EARLY TIMES, THERE HAD NOT BEEN THAT MUCH CONCERN FOR THE QUALITY OF POWER IN ETHIOPIA 

BECAUSE THE DEMAND AND GENERATION OF POWER IS LESS. THE DEMAND OF POWER IS FOR LIGHTING AND FOR SOME HOUSEHOLD 

APPLIANCES. THAT IS, THE LOAD IS LINEAR. HOWEVER, NOWADAYS THE CAPACITY OF POWER GENERATION IN THE COUNTRY IS GOING ON 

INCREASING AND THE DEMAND IS ALSO VERY HIGH AS A NUMBER OF INDUSTRIES AND BUILDINGS ARE UNDER CONSTRUCTION. THIS INDICATES 

THAT LOADS ARE CHANGING FROM BEING LINEAR TO NON-LINEAR. ADDITIONALLY, CUSTOMERS ARE EXPECTING QUALITY OF POWER SUPPLY 

FROM EEPCO. THESE ALREADY BUILT FACTORIES AND THOSE UNDER CONSTRUCTION ARE USING LATEST ELECTRONICS DEVICES LIKE PLCS, 

ASDS, PCS, HEATERS ETC TO BOOST THEIR PRODUCTION. AMONG THOSE, MESIFIN INDUSTRIAL ENGINEERING IS THE ONE TO BE MENTIONED. 

THESE DEVICES ARE VERY SENSITIVE TO POWER DISTURBANCES SO THAT NUMBER OF MACHINE PRODUCES HARMONICS DUE TO UNEVEN 

DISTRIBUTION OF FLUX IN AIR GAP OF ROTATING MACHINE THIS TENDS TO NO SINUSOIDAL VOLTAGE AND CURRENT GENERATION IN ROTATING 

MACHINE SUCH A SYNCHRONOUS MACHINE. POWER QUALITY PROBLEMS LIKE HARMONICS, VOLTAGE SAGS AND VOLTAGE TRANSIENTS COULD 

BE COMMON IN THE COUNTRIES POWER SYSTEM IN GENERAL AND FACTORIES IN PARTICULAR. THEREFORE, THE STUDY OF INVESTIGATING 

POWER QUALITY PROBLEMS IN CONNECTION WITH THE WAY OF MITIGATING THEM IS VERY VITAL TO THE COUNTRY AND FACTORIES, TO 

MINIMIZE HARMONIC DISTORTIONS, TO SATISFY CUSTOMERS DEMAND, TO MAXIMIZE PRODUCTION AND TO DECREASE THE COST INCURRED. 

 

2. HARMONICS SOURCE AND ITS EFFECTS ON POWER SYSTEM 

HARMONICS ARE SINUSOIDAL VOLTAGES OR CURRENTS WITH FREQUENCIES THAT ARE INTEGER MULTIPLES OF THE FUNDAMENTAL POWER 

FREQUENCY, WHICH MIGHT BE 50 OR 60HZ. THESE WAVES RESULT WHEN THE CURRENT WAVEFORM CHANGES SLIGHTLY DUE TO 

NONLINEARITY OF THE LOAD [13]. 

FH= (H) X (FUNDAMENTAL FREQUENCY)                                      (EQ2.1) 

WHERE H IS HARMONIC ORDER. IN THE POWER SYSTEM, THESE HARMONICS INTERACT WITH FUNDAMENTAL FREQUENCY WAVE AND EACH 

OTHER TO PRODUCE A DISTORTED WAVEFORM. HARMONICS DISTORTION IS THE CHANGE IN SUPPLY WAVEFORMS FROM THE IDEAL SINUSOIDAL 

WAVEFORM. BECAUSE OF THE PERIODICITY,  
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    (         )+                                  (     ) 

WHERE, HN IS THE NTH HARMONIC, T IS PERIOD OF THE VOLTAGE/CURRENT WAVEFORM, F (T) IS VOLTAGE/CURRENT WAVEFORM AS A 

FUNCTION OF TIME T, N IS THE HARMONIC NUMBER, ΩO IS THE FUNDAMENTAL ANGULAR FREQUENCY AND N IS THE PHASE ANGLE OF THE NTH 

HARMONIC. 
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FIGURE1. FOURIER SERIES REPRESENTATION OF A DISTORTED WAVE FORM. 

 

THE  FOURIER  SERIES  IS  ALSO  USED  TO  DECONSTRUCT  A WAVEFORM  INTO  THE  FUNDAMENTAL  AND  HARMONIC COMPONENTS. THIS IS THE 

PRINCIPLE BEHIND PERFORMING A HARMONIC ANALYSIS ON A POWER SYSTEM. 

SOME OF THE MORE COMMON POWER ELECTRONIC LOADS INCLUDE 

 SWITCH MODE POWER SUPPLIES - PRESENT IN COMPUTERS, TELEVISIONS, MICROPROCESSORS, 

 RECTIFIERS – PRESENT IN DC MOTOR DRIVES, REGULATED POWER SUPPLIES, BATTERY CHARGERS, 

 INVERTERS – PRESENT IN VARIABLE SPEED AC DRIVES, 

 STATIC VAR COMPENSATORS, 

 CYCLO-CONVERTERS, AND 

 HIGH VOLTAGE DC TRANSMISSION CONVERTERS. 

HARMONICS LISTS THE FOLLOWING AREAS OF HARMONIC EFFECTS ARE 

 FAILURE OF CAPACITOR BANKS DUE TO DIELECTRIC BREAKDOWN OR REACTIVE POWER OVERLOAD; 

 INTERFERENCE WITH RIPPLE CONTROL AND POWER LINE CARRIER SYSTEMS, CAUSING MIS OPERATION OF SYSTEMS 

 EXCESSIVE LOSSES RESULTING IN HEATING OF INDUCTION AND SYNCHRONOUS MACHINES; 

 OVER VOLTAGES AND EXCESSIVE CURRENTS ON THE SYSTEM 

 DIELECTRIC BREAKDOWN OF INSULATED CABLES RESULTING FROM HARMONIC OVER VOLTAGES IN THE SYSTEM; 

 INDUCTIVE INTERFACE WITH TELECOMMUNICATION SYSTEMS; ERRORS IN METER READINGS; 

 SIGNAL INTERFERENCE AND RELAY MALFUNCTION, PARTICULARLY IN SOLID STATE AND MICROPROCESSORCONTROL1ED SYSTEMS; 

 INTERFERENCE WITH LARGE MOTOR CONTROLLERS AND POWER PLANT EXCITATION SYSTEMS; 

 

3. SIMULATION AND MODELING OF HARMONIC DISTORTION  

    EQUIPMENTS UTILIZED FOR SIMULATION OF HARMONIC IS ETAP (ELECTROMAGNETIC TRANSIENT A ANALYSIS PROGRAM) POWER STATION 

SOFTWARE. THE SOFTWARE IS DESIGNED FOR MODELING AND ANALYZING POWER SYSTEMS, SO THAT MODELS OF POWER SYSTEM PARAMETERS 

ARE AVAILABLE IN ITS LIBRARY. AND ALSO FOR THE NON-LINEAR LOADS ETAP HAS SPECIFIC LIBRARY WITH ALTERNATIVES CURRENT SOURCE 

AND VOLTAGE SOURCES. 

IN ORDER TO ACHIEVE THE OBJECTIVES, THE FOLLOWING METHOD HAD BEEN SET:  

GATHERING OF THE SYSTEM INFORMATION ON TRANSFORMERS, LOADS RATINGS, TYPES AND QUANTITIES, CABLE SIZE, DISTANCE AND RATING 

FOR CALCULATION AND SIMULATION. 

DECIDE METHOD OF CALCULATION, SIMULATION AND METHOD OF   EQUIPMENT MODELLING FOR HARMONIC ANALYSIS. 

MODEL THE SELECTED FACILITY DISTRIBUTION NETWORK FOR SIMULATION. 

CONSTRUCT THE MODEL BY DIFFERENT METHODS OF CALCULATIONS FOR EACH COMPONENT. 

SIMULATE THE NETWORK FOR DIFFERENT CASES AND ANALYZE DATA OBTAINED FROM SIMULATION, AND COMPARE WITH STANDARDS. 

PROPOSE SOLUTION FOR DISTORTION LEVELS EXCEEDING LIMITS FROM BOTH CALCULATION AND SIMULATION. 

 

4. HARMONIC MITIGATING TECHNIQUES APPLIED TO DISTRIBUTION NETWORK 

NON-LINEAR LOADS CAN INJECT THE HARMONIC CURRENT INTO THE SUPPLY SYSTEM, DEPENDING ON THEIR LOADS. THE SUBSTATION AND 

UTILITY SUPPLY COMPANIES MUST ENSURE A CERTAIN VOLTAGE QUALITY AT THE PCC (POINT OF COMMON COUPLING) IN THE DISTRIBUTION 

SYSTEM THAT RECOMMENDS THE IEEE STANDARD 519- 1992. THERE ARE SEVERAL BASIC METHODS FOR REDUCING HARMONIC VOLTAGE AND 

CURRENT DISTORTION FROM NONLINEAR DISTRIBUTION LOADS SUCH AS ADJUSTABLE FREQUENCY DRIVES (AFDS). 

 LINE REACTORS 

 ISOLATION TRANSFORMERS 

 12 AND 18 PULSE RECTIFIERS 

 HARMONIC FILTERS 

 LARGER TRANSFORMER (DERATED 

 K-RATED TRANSFORMER 

AMONG THESE METHODS, PASSIVE TYPE FILTERS ARE APPLIED TO MESIFIN INDUSTRIAL ENGINEERING IN THIS PAPER. 

 

PASSIVE FILTER 

PASSIVE ELEMENTS LIKE RESISTANCE, INDUCTANCE AND CAPACITANCE ARE USED BY THE PASSIVE FILTERS TO CONTROL THE HARMONICS. 

THEY ARE THE MOST COMMONLY USED FILTERS IN INDUSTRY. THREE-PHASE HARMONIC FILTERS ARE SHUNT ELEMENTS THAT ARE USED IN 

POWER SYSTEMS FOR DECREASING VOLTAGE DISTORTION AND FOR POWER FACTOR CORRECTION. NONLINEAR ELEMENTS SUCH AS POWER 

ELECTRONIC CONVERTERS GENERATE HARMONIC CURRENTS OR HARMONIC VOLTAGES, WHICH ARE INJECTED INTO POWER SYSTEM. THE 

RESULTING DISTORTED CURRENTS FLOWING THROUGH SYSTEM IMPEDANCE PRODUCE HARMONIC VOLTAGE DISTORTION. HARMONIC FILTERS 

REDUCE DISTORTION BY DIVERTING HARMONIC CURRENTS IN LOW IMPEDANCE PATHS. 

FIGURE BELOW SHOWS SIMPLE EXAMPLE OF AN INDUSTRIAL POWER DISTRIBUTION SYSTEM.   
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                   FIGURE2. SIMPLE EXAMPLE OF AN INDUSTRIAL POWER DISTRIBUTION SYSTEM [5] 

 

AS IT CAN BE SEEN FROM  THE POWER DISTRIBUTION SYSTEM ABOVE  THE POWER-FACTOR-CORRECTION CAPACITOR BANK,  WHICH  IS  

CONNECTED  ON  THE  400  VOLTS  BUS,  CAN  CREATE  A  PARALLEL  RESONANCE  BETWEEN  THE CAPACITORS AND THE SYSTEM SOURCE 

INDUCTANCE. THE SINGLE PHASE EQUIVALENT CIRCUIT OF THE DISTRIBUTION SYSTEM IS SHOWN BELOW. 

 

 
FIGURE3.THE SINGLE-PHASE EQUIVALENT CIRCUIT OF THE DISTRIBUTION SYSTEM 

 

USING THE ABOVE CIRCUIT THE FOLLOWING EQUATIONS HOLD.[5] 
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Α=THE TURNS RATIO OF THE TRANSFORMER AT PCC. 
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THE IMPEDANCE         LOOKING INTO THE SYSTEM FROM THE LOAD CONSISTS OF THE PARALLEL COMBINATION OF SOURCE IMPEDANCE                           

AND THE CAPACITOR IMPEDANCE. 

 

                                                               (4.12).  

 

                                                                                 (4.13). 

 

 

 

 

THE EQUATION FOR       CAN BE USED TO DETERMINE THE EQUIVALENT SYSTEM IMPEDANCE FOR DIFFERENT FREQUENCIES. THE HARMONIC 

PRODUCING LOADS CAN RESONATE (PARALLEL RESONANCE), THE ABOVE EQUIVALENT CIRCUIT. DESIGNATING THE PARALLEL RESONANT 
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FREQUENCY BY WO (RAD/SEC) OR FO (HZ) AND EQUATING THE INDUCTIVE AND CAPACITIVE REACTANCE. HARMONIC CURRENT COMPONENTS 

THAT ARE CLOSE TO THE PARALLEL RESONANT FREQUENCY ARE AMPLIFIED AND ALSO HIGHER ORDER HARMONIC CURRENTS AT THE PCC ARE 

REDUCED BECAUSE THE CAPACITORS ARE LOW IMPEDANCE AT THESE FREQUENCIES. 

 

5. CASE STUDY 

THE DETAILED STUDY IS CARRIED OUT AT MESFIN INDUSTRIAL ENGINEERING POWER DISTRIBUTION NETWORK. THE INDUSTRY IS LOCATED AT 

TIGRAY REGION MEKELLE CITY. 

 

CIRCUIT MODEL FOR SIMULATION ON ETAP SOFTWARE  

 
FIGURE4. MODEL OF TRANSFORMER PREPARED BY ETAP5.0 FOR SIMULATION. 

 

THIS TRANSFORMER IS CONSTRUCTED FOR SUPPLYING THE ELECTRIC POWER TO MESFIN INDUSTRIAL ENGINEERING. MESFIN INDUSTRIAL 

ENGINEERING IS THE LARGEST ONE IN TIGRAY REGION. SINCE THE DOMINANT LOAD OF THIS TRANSFORMER IS INDUSTRIAL LOAD. THE 

INCOMING LINE OF SUBSTATION IS TAKEN FROM 15 KV BUS OF MEKELLE PRIMARY SUBSTATION WHICH IS LOCATED AT EAST OF MEKELLE 

CITY. TRANSFORMER NO (1) COMPRISE 1250 MVA, 15KV/ 11 KV. THERE ARE SEVEN NUMBER OF 0.4 KV MAIN DISTRIBUTION FEEDER WHICH 

ARE CONNECTED TO 7 SEPARATE LOADS AS SHOWN IN FIGURE. 4.  

 

6. CASES CONSIDERED FOR SIMULATION 

IN THE SIMULATION PROCESS TO SEE THE VARIATION OF LOADS IN ONE DAY WE CONSIDER 4 LOADING CONDITIONS FOR THE TRANSFORMER.  

CASE-1: THIS CASE REPRESENTS THE WORST CASE IN TERMS OF LOADING. IT ASSUMES THAT ALL LOADS ARE WORKING.  

CASE -2: ASSUMES MOST HARMONIC PRODUCING LOADS SUCH AS AC DRIVES/ INVERTERS MACHINES ,WELDING MACHINE IN WORKSHOP, DC 

DRIVES AND SOME LIGHTNING ARE NOT WORKING. BUT IT ASSUMES OTHER SUCH AS, CAPACITOR BANKS DIRECT ON LINE MOTORS ARE 

WORKING. THIS MAY REPRESENT 24:00 HOURS FULL DAY DURING SUNDAY.  

CASE -3:  THIS CASE STUDY REPEATS CASE 1 AND IT ASSUMES THERE IS NO CAPACITOR BANK OTHER LOADS ARE WORKING. THIS CONDITION 

APPROXIMATELY REPRESENTS THE DURATION OF SUPPLY VOLTAGE INCREASES (6:00 TO 8:00 AND 3:00 TO 6:00 AT DAY AND NIGHT TIME.) AND 

ALSO DURING SUNDAY MEANS LOAD DECREASES. 

CASE -4: REVERSE OF CASE STUDY 2 
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7. RESULTS AND DISCUSSION 

    THIS SUBTOPIC DISCUSSES AND ANALYSES THE SIMULATION RESULTS OBTAINED FROM THE DISTRIBUTION TRANSFORMERS IN THE FACTORY 

WITH AND WITHOUT FILTER. FOR THE ANALYSIS OF  HARMONIC DISTORTION OF THE FACTORY POWER NETWORK SIMULATION WAS  CARRIED  

OUT  BY USING ETAP SOFTWARE ON  THE TRANSFORMER 

. 

TABLE1. RESULT OF HARMONIC CURRENTS AT EACH HARMONIC ORDER FOR ALL CASES OF THE TRANSFORMER. 

 

 

HARMONIC 

ORDER(H) 

 

HARMONIC CURRENT AS % OF FUNDAMENTAL IN, A 

CASE-1 CASE-2 CASE-3 CASE-4 

5 17.54 2.76 61.63 22.84 

7 7.59 0.43 19.03 10.10 

9 - - - - 

11 1.34 0.05 3.14 1.6 

13 0.67 0.02 1.55 0.85 

15 0 - - - 

17 0.07 - 0.17 0.11 

19 - - 0.09 0.04 

21 - - - - 

23 - - 0.01 0.04 

25 - - 0.01 0.04 

THDI (%) 12.17 2.8 20.21 19.1 

 

TABLE2. RESULT OF HARMONIC VOLTAGE AT EACH HARMONIC ORDER FOR ALL CASES OF THE TRANSFORMER. 

 

 

 

HARMONIC 

ORDER(H) 

 

HARMONIC VOLTAGE  AS % OF FUNDAMENTAL 

 

CASE-1 CASE-2 CASE-3 CASE-4 

5 10.38 1.06 14.12 10.31 

7 6.17 0.23 6 6.27 

9 - - - - 

11 1.71 0.04 1.55 1.55 

13 1.01 - 0.91 0.98 

15 - -- - - 

17 0.15 - 0.13 0.17 

19 - - 0.07 0.07 

21 -- - - - 

23 - - 0.01 0.01 

25 - - 0.01 0.01 

THDV (%) 10.14 1.02 13.14 11.25 

 

         ACCORDING TO THE RESULTS, THE THD% OF VOLTAGE AND CURRENT EXCEEDS THE ACCEPTABLE LIMITS WITHIN IEEE 519-1992 

STANDARDS FOR VOLTAGE AND CURRENT IN MESFIN INDUSTRIAL ENGINEERING POWER DISTRIBUTION NETWORK. THE DOMINANT ORDERS ARE 

THE 5TH, 7TH, 11TH AND 13TH HARMONIC ORDERS. THEREFORE, IT IS NEED TO REDUCE THESE ORDERS THAT THE 5
TH

, 7 
TH

, 11
TH

 AND 13
TH

 

ORDERS HAVE TO BE MITIGATED. PASSIVE FILTERS ARE INSTALLING FOR MITIGATING THE HARMONIC DISTORTION.  

 

THE SIMULATION WAVEFORM WITHOUT FILTER IS SHOWN IN FIGURES. 
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FIGURE5. WAVE FORM OF CURRENT AND VOLTAGE FOR CASE-1 RESPECTIVELY IN THE TRANSFORMER. 

 

 

 
 

FIGURE6. WAVE FORM OF CURRENT AND VOLTAGE FOR CASE-2 RESPECTIVELY IN THE TRANSFORMER. 

 

 

 
 

FIGURE7. WAVE FORM OF CURRENT AND VOLTAGE FOR CASE-3 RESPECTIVELY IN THE TRANSFORMER. 
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FIGURE8. WAVE FORM OF CURRENT AND VOLTAGE FOR CASE-4 RESPECTIVELY THE TRANSFORMER. 

 

   WITHOUT FILTERS, THE TOTAL HARMONIC DISTORTION OF THE VOLTAGE AND CURRENT IS ABOVE THE RANGE SPECIFIED BY THE POWER 

QUALITY STANDARDS. THE THD VALUE OF MESFIN INDUSTRIAL ENGINEERING POWER DISTRIBUTION NETWORK ARE SHOWN THAT THEY ARE 

EXCEED THE IEEE 519-1992 STANDARD. TO FOLLOW THE RECOMMENDED IEEE 519 POWER HARMONIC STANDARDS THE TOTAL HARMONIC 

DISTORTION MUST BE LESS THAN 5%.THIS CAN BE OBTAINED BY CONNECTING THE FILTERS TO THE SYSTEM. FOR REDUCING THE THD OF 

VOLTAGE AND CURRENT BELOW 5%, THE FILTERS HAVE BEEN DESIGNED. 

 

8. THE DISTRIBUTION SYSTEM WITH PASSIVE FILTER 

THE FOUR SINGLE TUNED PASSIVE FILTERS ARE DESIGNED TO CANCEL THE 5TH, 7TH, 11TH AND 13TH HARMONIC ORDERS. AS THE PASSIVE 

FILTER CAN BE CANCEL THE DESIRED ORDER AND CANNOT CONTROL OTHER THE HARMONIC ORDERS IN POWER SECTIONS. THE PASSIVE FILTERS 

ARE INSTALLING AT EACH FEEDERS IN MESFIN INDUSTRIAL ENGINEERING POWER DISTRIBUTION NETWORK. CALCULATION RESULTS OF THE 

PARAMETER OF FILTER DESIGN THE FOUR SINGLE TUNED PASSIVE FILTERS ARE DESIGNED TO CANCEL THE 5TH, 7TH, 11TH AND 13TH 

HARMONIC ORDERS. FILTER PARAMETERS ARE SHOWN THE FOLLOWING TABLES. 

 

PARAMETERS WITH FILTER  

TABLE.3 RESULTS OF THE TRANSFORMER AFTER FILTERING. 

 

 

INDIVIDUAL HARMONIC CURRENT OF CASE-1 FOR THE TRANSFORMER. 

 

AFTER FILTERING 

 

2.27 

 

2.56 

 

0.98 

 

0.25 

 

0 

 

0 

 

HARMONIC ORDER, H 

 

5 

 

7 

 

11 

 

13 

 

17 

 

19 

 

THD% FOR CASE1-4 OF THE TRANSFORMER. 

 

 

AFTER FILTERING 

 

2.17 

 

0.97 

 

2.75 

 

2.78 

 

 

INDIVIDUAL HARMONIC VOLTAGE OF CASE-1 FOR THE TRANSFORMER. 

AFTER FILTERING 3.53 2.05 1.32 0.58 0.14 0.0 

HARMONIC ORDER, H 5 7 11 13 17 19 

THD% FOR CASE1-4 OF THE TRANSFORMER. 

AFTER FILTERING 2.69 0.47 2.71 1.66 

 

 

THE SIMULATION WAVEFORM WITH FILTER FOR CASE-1 IS SHOWN IN FIGURES. 
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FIGURE9. WAVE FORM OF CURRENT AND VOLTAGE FOR CASE-1 OF THE TRANSFORMER AFTER FILTERING RESPECTIVELY. 

 

   AFTER INSTALLING THE PASSIVE FILTERS, THE VOLTAGE AND CURRENT OF THD ARE SIGNIFICANTLY DECLINE AND WAVEFORMS ARE 

BECOMING SINUSOIDAL IN THE POWER DISTRIBUTION NETWORK. ALL OF THE RESULTS OF THD% ARE ACCEPTABLE LIMIT OF IEEE 519-1992 

STANDARDS. 

 

9. CONCLUSIONS 

   IN THIS PAPER, HARMONICS MITIGATION TECHNIQUE THAT IS PASSIVE FILTER APPLIED TO MESFIN INDUSTRIAL ENGINEERING DISTRIBUTION 

NETWORK ARE ANALYZED. THE MODELS ARE IMPLEMENTED FOR HARMONIC ANALYSIS OF TYPICAL INDUSTRIAL LOADS IN MESFIN INDUSTRIAL 

ENGINEERING DISTRIBUTION NETWORK. IN MESFIN INDUSTRIAL ENGINEERING SUBSTATION HAS THE VOLTAGE AND CURRENT DISTORTION 

LEVELS ARE OVER THE ACCEPTABLE LIMIT UNDER IEEE 519-1992 STANDARDS ACCORDING TO MEASURE WITHOUT FILTERS. AFTER 

INSTALLING PASSIVE FILTERS, THE VOLTAGE DISTORTION AND CURRENT DISTORTION IS UNDER 3 %. THE RESULTS OF THD ARE SIGNIFICANTLY 

DECLINE IN MESFIN INDUSTRIAL ENGINEERING POWER NETWORK. THEREFORE, PASSIVE FILTERS CAN MITIGATE HARMONIC DISTORTION. 

 

10. RECOMMENDATION 

THE RESEARCH RESULTS IN THIS PAPER POINTS TO SEVERAL ISSUES WHERE FUTURE RESEARCH AND THE FACTORY AS A WHOLE CAN BE DONE; 

SOME OF THESE ISSUES ARE: 

SINCE THE FACTORY IS ON THE WAY OF INCREASING THE APPLICATION OF ELECTRONIC LOADS, SUCH AS PLCS,  THREE PHASE INVERTERS, 

WELDING MACHINES  AC AND DC VFD, SO FUTURE WORK MUST INCORPORATE A COMPLETE POWER QUALITY STUDY WITH  THE AID OF POWER  

QUALITY  ANALYZER  (PQA),  WHICH  IS  VERY  IMPORTANT  DEVICE  NOWADAYS  FOR  ENGINEERS IN MONITORING POWER QUALITY PROBLEMS. 

THIS DEVICE HAS THE CAPABILITY OF MEASURING AND DISPLAYING THE WAVE SHAPES OF THE CURRENT, VOLTAGE, POWER, POWER FACTOR, 

THDV AND THDI. DUE TO LACK OF IT IN THE FACTORY, ETAP POWER STATION SOFTWARE AND HAND CALCULATIONS WERE USED IN THIS 

THESIS. BUT FOR FUTURE, SINCE REAL MEASUREMENTS ARE ALWAYS PREFERRED TRY TO REFLECT ACCURATELY THE TRUE CHARACTERISTICS 

OF THE SYSTEM WE RECOMMEND THE SIMULATION RESULTS TO BE VERIFIED BY MEASUREMENT IN THE FUTURE. 

THE DESIGNED FILTERS AND THE RECOMMENDED SOLUTIONS FOR THE EXISTING HARMONIC PROBLEMS IN THE FACTORY SHOULD BE 

IMPLEMENTED. 

SINCE FILTERS EFFECTIVENESS WILL CHANGE WHEN LOADS CHANGES. OTHER OPTIONS LIKE ACTIVE FILTERS, PHASE-SHIFTING TRANSFORMERS 

AND SERIES REACTORS MUST BE CONSIDERED IN FUTURE RESEARCH. 
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