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ABSTRACT: Over the past few decades the digital inclusion in the industry sector has been increased rapidly. This 

rapid growth in industries has been increased the challenges in the field of technologies for controlling non-linear loads 

the reason for distorted voltage, current and power factor. Many filters has been designed for the reduction of 

harmonics. The specific evaluation of THD percentage should be calculated and according to the values one can decide 

the filters to be installed as per the voltage and current compensation. A power analyser has been used in the system 

and connected in an industrial transformer to find out various parameters during operation. In this work parameters 

analysed and can get the best solution reduce the THD in parameters. The parameters can be compared with standard 

IEEE limits and to perform well according to system and reduce the losses as well as equipment damage. 

 

KEYWORDS: Total harmonic distortion, non-linear loads, distribution transformer, passive power filter, active power 

filter, facts devices. 

 

I. INTRODUCTION 

 

From the rapid developments of semiconductor technologies in industries results to automation and power saving 

strategies. Basically industrial loads are driven by power converters with control systems for efficient operation, like 

Variable Frequency drives (VFD), Adjustable Speed Drives (ASD) and other power converters.  These drives also 

allows for dynamic response for any variation in the voltage magnitude and phase angle of the loads, thus improves the 

reliability in the system .However ,because of the non linear properties of the loads ,it draws non linear currents from 

the sources ,which results in the production of harmonics. The main problems with harmonics include energy 

inefficiency ,power losses ,temperature increases in the motor windings ,system failure, mistakes in the measurement of 

metering equipment ,interference in the telecommunication lines ,and malfunction[1].To minimise the distortion in the 

system, this is the main focus of the power engineers and utility engineers. As the harmonics currents injected by these 

loads have a very small impact on the system but all these equipment used in the large numbers will make a severe 

impact. Commercial and industrial consumers make a huge impact at the point of common coupling. Various teams of 

industrial electronics studied the impacts of harmonics in the power system and gave certain guidelines to maintain 

harmonics in within acceptable level. Maximum permissible harmonic limits in the system and their control laid down 

by IEEE. 

 

The IEEE harmonic limits decided by the experts are very important as all these harmonics produce disturbances in the 

power distribution network at the point of common coupling and produce hazardous effects on the power factor and 

other parameters that produce heavy losses and wear and tear of the connected instruments also in both the side of 

utility and consumer. 
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Fig 1 Harmonic effects on waveforms 

 

II. PARAMETERS FROM THE ANALYSER 

 

Table 1 Voltage, current, Power of Transformer 1 HT side 

 

V1 (5 

min) 

V2 (5 

min) 

V3 (5 

min) I1 (5 min) I2 (5 min) I3 (5 min) 

P1+ (5 

min) 

P2+ (5 

min) 

P3+ (5 

min) 

            W W W 

6509.4 6468.6 6488.7 9.6222 7.7421 7.7658 62441 49436 49517 

6523.6 6478.6 6500.9 9.2237 7.4153 7.261 60012 47345 46381 

6520.3 6476.9 6496.4 9.0127 7.3112 7.0474 58571 46778 44881 

6520.4 6479.6 6498.9 9.0027 7.1482 7.0211 58419 45812 44328 

6526.5 6485.4 6503.1 10.0966 8.334 7.9994 65675 53325 51186 

6519.1 6475.9 6495 9.0072 7.7423 6.9513 58482 49283 44647 

6507.3 6467.9 6486 8.5591 7.1353 6.7456 55403 45658 42897 

6501.8 6460.8 6479.1 8.648 7.3548 6.7068 56012 46750 42929 

6506.5 6467.6 6482.6 9.5482 8.1294 7.3564 61910 51386 47264 

6508.2 6469.8 6484.7 8.8348 7.3671 6.2898 57225 46481 40121 

6499.3 6460 6475.6 8.4616 7.0359 6.11 54718 44546 38852 

6493.5 6455.3 6472 8.7651 7.2743 6.5889 56658 46057 41934 

6493.4 6453.6 6471.4 8.134 6.7168 6.2001 52606 42797 39375 

6483.2 6441.6 6458.8 9.4967 8.2586 7.3317 61359 52334 46907 

6477.7 6438.6 6456.1 8.6099 7.4359 6.6143 54669 46185 41632 
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Table 2 Voltage THD of Transformer 1 HT side 

 

V1-THD (5 min) V2-THD (5 min) V3-THD (5 min) 

% % % 

2.21 2.22 2.6 

2.22 2.26 2.42 

2.35 2.39 2.64 

2.28 2.25 2.45 

2.32 2.43 2.52 

2.17 2.25 2.43 

2.27 2.26 2.34 

2.45 2.47 2.59 

2.11 2.32 2.32 

2.44 2.32 2.6 

2.33 2.4 2.48 

2.35 2.34 2.4 

2.37 2.42 2.53 

2.22 2.22 2.18 

2.42 2.51 2.56 

 

Table 3 Current THD of Transformer 1 HT side 

 

I1-THD (5 min) I2-THD (5 min) I3-THD (5 min) 

% % % 

5.34 6.72 5.75 

5.73 7.14 6.19 

5.93 7.1 6.19 

6.2 7.63 6.68 

4.95 5.9 5.25 

5.55 6.43 5.77 

5.68 7.07 6.05 

5.54 6.89 6.29 

4.7 6.44 5.44 

5.07 6.8 6.36 

5.41 6.86 6.2 

4.63 6.29 4.98 

5.1 6.55 5.47 

4.31 5.47 4.5 

4.59 5.76 4.78 

 

Table 4 Voltage, current, Power of Transformer 2 HT side 

 

V1 (5 

min) 

V2 (5 

min) 

V3 (5 

min) I1 (5 min) I2 (5 min) I3 (5 min) 

P1 (5 

min) 

P2 (5 

min) 

P3 (5 

min) 

      W W W 

6585.3 6534.1 6552.5 8.3213 7.6416 7.6216 51564 47010 47859 

6584.9 6535.9 6553.9 10.0405 8.7391 9.361 65186 56521 60956 

6591.9 6546.1 6566 11.8258 10.5301 11.1848 76871 68296 73242 

6595.2 6549.8 6567 12.5721 11.2169 11.8271 81852 72807 77481 

6607.5 6560.2 6578 12.4008 11.0101 11.6729 80851 71582 76558 

http://www.ijareeie.com/


International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE)  

                           | e-ISSN: 2278 – 8875, p-ISSN: 2320 – 3765| www.ijareeie.com | Impact Factor: 8.514 | A Monthly Peer Reviewed & Refereed Journal | 

 || Volume 13, Issue 12, December 2024 ||  

| DOI:10.15662/IJAREEIE.2024.1312008 | 

IJAREEIE © 2024                                                   |    An ISO 9001:2008 Certified Journal |                                                     1716 

 

 

6599.7 6553.4 6570.7 11.7701 10.3867 11.068 76671 67499 72533 

6592.5 6543.9 6562.2 11.5935 10.1708 10.9217 75380 66001 71451 

6591 6538.1 6561.5 11.0994 9.5883 10.2591 72169 62150 67849 

6595.5 6541.8 6564.6 10.8415 9.4957 10.2591 70568 61673 67132 

6606.3 6557 6577.3 10.7272 9.3035 10.0288 69938 60506 65755 

6607.9 6559.1 6576.7 10.7858 9.4664 10.1673 70350 61644 66631 

6594.4 6544.3 6565 10.8777 9.4163 10.0907 70743 61010 66026 

6591 6540.1 6562.1 11.021 9.7286 10.4402 71590 63100 68299 

6590 6538.1 6560.9 10.9642 9.5145 10.2041 71240 61608 66747 

6595.6 6544.5 6565.4 10.9952 9.6246 10.3431 71491 62462 67700 

6601.7 6551.7 6570.6 10.9358 9.6296 10.2374 71240 62532 67065 

6608.4 6557.1 6573.6 11.011 9.7141 10.4172 71642 63105 68239 

6604.5 6552.5 6570.2 10.9831 9.5778 10.3397 71390 62149 67689 

 

Table 5 Voltage THD of Transformer 2 HT side 

 

V1-THD (5 min) V2-THD (5 min) V3-THD (5 min) 

% % % 

2.29 2.19 2.58 

2.32 2.38 2.6 

2.21 2.3 2.58 

2.3 2.2 2.58 

2.46 2.34 2.75 

2.1 2.36 2.36 

2.41 2.27 2.58 

2.41 2.34 2.5 

2.26 2.2 2.48 

2.38 2.42 2.58 

2.39 2.09 2.25 

2.33 2.41 2.67 

2.42 2.29 2.67 

2.22 2.31 2.21 

2.4 2.38 2.72 

2.25 2.18 2.48 

2.4 2.36 2.57 

2.28 2.22 2.38 

2.31 2.26 2.56 
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Table 6 Current THD of Transformer 2 HT side 

 

I1-THD (5 min) I2-THD (5 min) I3-THD (5 min) 

% % % 

9.96 8.76 8.86 

9.42 6.58 7.72 

7.86 5.51 6.51 

7.85 5.49 6.48 

8.44 5.86 6.89 

8.39 5.8 7.07 

8.78 6.15 7.52 

8.74 6.03 7.41 

9.04 6.28 7.81 

8.97 6.02 7.57 

9.55 6.48 7.87 

8.82 6.1 7.71 

9.09 6.05 7.58 

8.82 5.9 7.5 

8.69 5.98 7.46 

8.53 5.62 7.28 

9.09 6.25 7.57 

8.82 6.2 7.5 

9.02 6.3 7.54 

 

III. RESULT AND DISCUSSION 

 

 
 

Fig 2 Three phase voltage Transformer 1 HT side 
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Fig 3 Three phase currents Transformer 1 HT side 

 

 
 

Fig 4 Three phase power Transformer 1 HT side 
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Fig 5 Voltage Harmonics Transformer 1 HT side 

 

 
 

Fig 6 Voltage Harmonics Transformer 1 HT side 
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Fig 7 Three phase voltage Transformer 2 HT side 

 

 
 

Fig 8 Three phase current Transformer 2 HT side 
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Fig 9 Three phase power Transformer 2 HT side 

 

 
 

Fig 10 Voltage Harmonics Transformer 2 HT side 
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Fig 11 Current Harmonics Transformer 2 HT side 

 

 

 
 

Fig 12 Maximum Current Harmonics Transformer 2 HT side 
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Fig 13 Maximum Voltage Harmonics Transformer 2 HT side 

 

IV.CONCLUSION 

 

As discussed above about this work to fulfil the compliance set by IEEE in the harmonic limits of industrial consumers, 

the best practice is to find the values and parameters at every section, In this work two transformer HT side has been 

targeted and power analyser connected for few hours and try to find out the readings obtained during operation, we find 

that the voltage, current and active powers are in the desirable range. The voltage harmonics are also in the set values 

decided by IEEE but the current harmonics are up to 8 % which is slightly higher side from the desired value and will 

impact the system and increase losses. Filter like passive filters or Statcom should be connected to reduce the 

harmonics. 

 

V. FUTURE WORKS 

 

In the future work we will establish a model and connect it with shunt active filters or statcom type of devices to see the 

outcomes during operation and the values of percentage THD. The filter should be current compensating device in this 

case and if further the model will give some voltage distortions also we can provide hybrid filters for the compensation 

of voltage and currents both.  
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