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Abstract 
Harmonic effect is caused by non linier loads such as variable frequency drives, lighting and computers. VFD uses 
power electronics to vary the frequency of input power to the motor. While PWM allows for nearly sinusoidal currents 
to be applied to a motor load, the diode rectifier of the VFD takes square wave current pulses out of the ac grid, 
creating harmonic distortion in the power line voltage. Harmonics can cause a many of problems ranging from poor 
power factor and motor failures, to overload transformers and conductors.  Therefore it becomes necessary to reduce 
high magnitude harmonics to get a clean and efficient power. One of the most effective ways to eliminate harmonics is 
to use a technique known as “phase shifting”. This paper represents the effect of harmonic on load and its mitigation 
technique for a non linier load by observing the behavior of VFD. 
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1.  Introduction 
Harmonics are one of the major power quality concerns. Distortions of the voltage and current waveforms 
have adverse effect on the electrical equipment. Variable frequency drives (VFD), Variable speed drives 
(VSD), adjustable speed drives (ASD) describe the nonlinear load. This paper will discuss only VFDs, 
which a device uses power electronics to vary the frequency of input power to the motor, there by 
controlling motor speed. It also consist the effect as well as its mitigation technique to get better power. 
There are several methods are present which are briefly discussed and it has mainly the method of phase 
shifting to reduce high magnitude harmonics by use of phase shifting transformer.   

 
2. Variable Frequency Drives 
VFD’s are widely preferred in industry to driving a group of motors connected in parallel at economic 
costs. Most modern variable frequency drives operate by converting a three phase voltage source to DC 
using rectifier. After the power flows through the rectifiers it is stored in a dc bus. The dc bus contains 
capacitors to accept power from the rectifier, stores it, and later deliver that power through the inverter 
section. The inverter contains transistors that deliver power to the motor. The “Insulated Gate Bipolar 
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Transistor” (IGBT) is a common choice in modern VFDs. The IGBT uses “pulse width modulation” 
(PWM) technique to simulate a sine wave current at the desired frequency to the motor. The IGBT can 
switch on and off several thousand times per second and precisely control the power delivered to the motor 
[4]. 

 
 

Fig 1:  pwm variable frequency driver 
 
3.  Simulation form 
Simulation model of the VFD system developed in MATLAB [2]. A three phase supply source along with 
source impedances to make it non-ideal has been included in the model. First stage is an uncontrolled 
rectifier followed by dc link capacitor and reactor. A non-linear load is connected with it for completion of 
the system. Control signals for switches are generated by a sinusoidal pulse width modulator (SPWM) 
controller.   

 
Fig. 2: Simulation model circuit diagram for VFD 

 
4.  Simulation Results and Analysis 
The discrete Fourier transform can be computed efficiently using a Fast Fourier Transform (FFT) 
algorithm. Fig. 3 is the graph showing the voltage waveform at each stage of the VFD. This graphs has four 
waveforms that are 
a. First waveform shows Vdc i.e. the voltage wave-form of the output of rectifier which will be dc in 
nature. 
b. It shows Vab i.e. voltage between the phase a and b at the output of inverter which contains distortion as 
shown. 
c. It has Vab load i.e. voltage for the phase a-b at the load side (50W, 380 Vrms, 50 Hz). 
d. Last waveform shows the modulation index and its constant value. 
Fig. 4 is the frequency domain transformed signal after FFT of phase A current signal obtained from the 
model. From the fig.4 it is clear that It clearly shows the higher magnitude of the odd harmonics causes the 
harmful effect on the load.  
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Fig. 3: Phase-A current FFT profile and harmonic orders 

 
 
 

 
Fig. 4: Phase-A current FFT profile and harmonic orders 

 
4. Effects of Harmonics 
Harmonics have severe effects on electrical equipment. It adds to the peak and rms value of the waveform. 
This could mean the equipment could receive a damagingly high voltage and could therefore be susceptible 
to equipment failure. It increases in negative sequence current loading of synchronous generators, 
endangering the rotor circuits and windings. Generation of harmonic fluxes and increase in flux density in 
transformers, eddy current heating and consequent de-rating. Over voltages and excessive currents in the 
power system, resulting from resonance.De-rating of cables due to additional current heating and skin 
effect losses a possible dielectric breakdown [7]. Signal interference and relay malfunctions, particularly in 
solid state and microprocessor controlled systems.Interference with ripple control and power line carrier 
systems, causing fault of the systems, which accomplish remote switching, load control and metering. 
 
5. To reduce the harmonics 
There are many techniques are present to resolve the problem of harmonics. Before applying those 
techniques, one should know which order harmonic are more effective and which one is less. Harmonics 
that is multiple of 2 cancels out each other. The same is true for 3rd order harmonics (3rd, 6th, 9th etc.). 
Because the power supply is 3 phase, the third order harmonic cancel each other out in each phase. This 
leaves only the 5th, 7th, 11th, 13th…… order harmonics. The magnitude of the harmonics produced by a 
VFD is greatest for the lower order harmonics (5th, 7th and 11th) and drops quickly as we move into the 
higher order harmonics (13th and greater). Here describe some technique 
Phase Shift Transformer: Its working principle is similar with the active filters. It measures harmonic 
currents too and create opposite current harmonics. That will cancel out each other, later. These paper use 
this technique only. 
Active Filters: Some devices measure harmonic currents and quickly create opposite current harmonic 
waveforms. The two waveforms then canceled out, preventing harmonic currents from being observed 
upstream of the filter. These types of filters generally have excellent harmonic mitigating characteristics. 
Active filters may reduce generator size requirements [5]. 
Passive Filters: Trap filters are devices that include an electrical circuit consisting of inductors, reactors 
and capacitors designed to provide a low impedance path to ground at the targeted frequency. Since current 
will never through the lowest impedance path, this prevents the harmonic current at the targeted frequency 
from propagating through the system.  
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6. Phase Shifting and Harmonics 
Phase shifting involves separating the electrical supply into two or more outputs, each output being phase 
shifted with respect to each other with an appropriate angle for the harmonic pairs to be eliminated. The 

concept is to displace the harmonic current pairs in order to bring each to a 180  ۫phase shift so that they 
cancel each other out. Positive sequence currents will act against negative sequence currents, whereas zero 
sequence currents act against each other in a three phase system. Triple harmonics are zero sequence 
vectors; 5th, 11th, and 17th harmonics are negative sequence vector, and 7th, 13th and 19th harmonics are 
positive sequence vectors. Hence, an angular displacement of 
60 ۫ is required between two three phase outputs to cancel the 3rd harmonic currents. 
30 ۫is required between three phase outputs to attenuate the 5th and 7th harmonic current pairs. 
15 ۫is required between two three phase outputs to cancel the 11th and 13th harmonic current pairs [4].  
 
7. Simulation form 
In fig.5 a zigzag transformer has used as a phase shifting transformer. Simulation model of the phase shift 
transformer has been developed in MATLAB for this study. The Zigzag Phase-Shifting Transformer block 
implements a three-phase transformer with a primary winding connected in a zigzag configuration and a 
configurable secondary winding. The model uses three single-phase, three- winding transformers. The 
primary winding connects the windings 1 and 2 of the single-phase transformers in a zigzag configuration 
[9]. The secondary winding uses the windings 3 of the single phase transformers. If the secondary winding 
is connected in Y, the secondary phase voltages are leading or lagging the primary voltages by the Phi 
phase angle specified in the parameters of the block. If the secondary winding is connected in delta (D11), 
an additional phase shift of +30 degrees is added to the phase angle. If the secondary winding is connected 
in delta (D1), a phase shift of 30 degrees is added to the phase angle.  
 

 
Fig. 5: Simulation model circuit diagram for Phase shift transformer. 

 
8. Simulation Results and Analysis     
Fig. 6 & 7 are the graph showing the voltage waveform at both side of the transformer. It has clear vision of 
having phase shifted output which has set for 30 without any change in magnitude.  
a. Fig. 6 waveform shows Ua, Ub & Uc, i.e. the voltage waveform of the input of transform for phase A, B 
and C. 
b. Fig. 7 shows Va, Vb & Vc, i.e. the voltage waveform at output of the transformer for phase A,B and C. 
 

 
Fig. 6: Input voltage responses for each phase of transformer 

 

 
Fig. 7: Output voltage responses for each phase of transformer 
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For neat observation FFT graphs of this system has shown in fig. 8. The discrete Fourier transform has 
been computed using a Fast Fourier Transform (FFT) algorithm. Fig. 9 is the frequency domain 
transformed signal after FFT of phase A current signal obtained from the model.  
 

 
Fig. 8: FFT analysis of phase A for PST 

 
Here, it is clearly visible that the 5th, 7th, 11th order harmonics are having approximately equal magnitudes, 
which will cancel the same harmonics.  
 
9.  Conclusion 
The simulation result illustrates the presence and cancellation of the harmonics. The results show that 5th, 
and 7th harmonic current generated by non-linear load can be cancelled by use of phase shifting techniques.  
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