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ABSTRACT:

Induction motor drives are widely used in variable speed applications due to their rugged and inherent benefits.
Solid state components are used for industrial speed control of Induction motors uses sine modulation techniques.
The advances in semiconductor technology and microcontrollers made the control easier for variable frequency
applications. The control system involves generation of sine waves at various frequencies by changing input to
the microcontroller. Since the carrier frequency is used in the control system the output voltage also contains in
addition to fundamental and carrier frequency components due to inverter switching devices operating at fast
switching frequencies. Hence, it is necessary to do the Fast Fourier analysis of voltages to identify the amplitude
of various frequency components that exist in the phase and line voltages. The reason being other than the
fundamental some of the higher order harmonic voltages result in opposite torque. The drive system has been run
at frequencies of 30, 40, 50, 60 and 62.5Hz respectively, captured the phase and line voltages of the motor terminal
output in bitmap and csv mode with mixed signal oscilloscope. By using the csv, the Fast Fourier Transform
analysis done by Origin signal analysis software, which gives the results in frequency domain and has been
validated from the mixed signal oscilloscope math function Fast Fourier Transform results.

Keywords: Comma Separated Values, Fast Fourier Transform, Induction Motor, Pulse width modulation, Variable Frequency
Drive.

INTRODUCTION

The three phase Induction motor runs at 30, 40, 50, 60, and 62.5Hz at 370V DC voltage to the inverter. The above
frequencies of operation the waveforms of phase voltage, line voltage and voltage across the snubber inductor are
stored in the MSO as BMP and CSV format. The FFT analysis is done using Origin software for the phase and
line voltage. Using math function at the MSO FFT done and compared with the Origin software. The detailed
description is given in the following subdivision.

METHODOLOGY

The block diagram of the drive system for running the three-phase induction motor is shown Fig.1. The IM drives
operate with V-F control system, a reference input is processed by converter to maintain voltage to frequency
ratio with a constant airgap flux [1],[2]. The signal is buffered using the transistor for level shift the voltage. The
level shifted voltage given to an 8-bit binary counter to get 8-bit address. The 8-bit microcontroller (unit sine
curve is stored in the 1st 256 locations), is addressed (AO-A7) by the binary counter and the output is in digital
form taken from appropriate terminals and fed to the 8-bit DAC. The DAC output is converted to analog form
using OP-AMP. Further it is processed as per the block diagram shown in Fig.1 uses a variable drive system
[3],[4], with inverter block. By increasing or decreasing the input voltage to the V-F converter the motor can be
run at various frequencies and the terminal voltage at the motor terminals are stored [5],[7]. FFT analysis using
math function at the MSO done and compared the results with FFT analysis by using Origin software and the
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detailed description is given in the following subdivision. The three phase induction motor runs at various
frequencies of operation like 30, 40, 50, 60 and 62.5Hz. The terminal voltages of phase, line and voltage across
Snubber inductor were stored in BMP and CSV format. The FFT is also done using math function for the phase
voltage at the MSO and the value of the dBv is read and converted to voltage for comparing with Origin software
results.

DC VOLTAGE

VIF
CONVERTER

o L™ COMPARATOR ——*_ OSCILLLATOR

Fig. 2. Eperi.r‘:nental Test Setup.

A. 30HZ OPERATION.
The experimental test setup shown in Fig. 2 operating the IM with a DC supply voltage of 370V is applied to the
Inverter bridge, and the IM terminal voltages are stored in the BMP format, as shown in Fig. 2.1(a). Subsequently,
in CSV format the phase, line voltages are logged. Using the Origin signal analysis software, FFT was performed
(MSO 20ms/div). The following Fig.2.1(b) shows the FFT results in the frequency domain. From Fig. 2.1(b)
shows the Fundamental frequency of 30Hz with an amplitude of 102V and subsequent higher order harmonics [6]
are shown in TABLE-1.
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Fig. 2.1(a). Ch1: Phase voltage, 200:1, Ch2: line voltage, 250:1, Ch3: across inductor voltage, 25:1, Ch4:
Phase voltage, 200:1.

where the Origin results and MSO results in volts are shown in detail for the phase voltages. Fig. 2.1(c) shows the
Fundamental frequency of the line voltage at 30Hz with an amplitude of 176V and subsequent higher order
harmonics are shown in Table-11, where the Origin and MSO results in Volts are shown in detail for the line

voltages.
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Fig. 2.1(c) FFT of Line voltage, 20msec/div.
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B. 40HZ OPERATION
By running the IM at 40Hz with a DC supply voltage of 370V given to the inverter bridge and storing the IM
terminal voltages as shown in Fig.2.2(a) in the BMP format. Subsequently, in CSV format phase, line voltages
are logged. Using the Origin software, the FFT was performed (MSO 20ms/div.).
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Fig. 2.2(a) Chl: Phase voltage, 200:1, Ch2: line voltage; 250:i,<Ch3: across induct(;r voltage, 25:1, Ch4:

Phase voltage, 200:1.

Fig. 2.2(b) shows the phase voltage Fundamental frequency at 40Hz with an amplitude of 100V, and subsequent
higher order harmonic are shown in Table-I, where the Origin and MSO results in Volts are shown in detail for

the phase voltages.

FFT of Phase voltage, 20msecidiv, 40Hz
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Fig. 2.2(b) FFT of Phase voltage, 20msec/div.

Fig. 2.2(c) shows the line voltage Fundamental frequency at 40Hz with an amplitude of 178V, and subsequent
higher order harmonics are shown in Table-I1, where the Origin and MSO results in Volts are shown in detail for

the line voltages.
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Fig. 2.2(c) FFT of line voltage, 20msec/div.
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C. 50HZ OPERATION

By running the IM at 50Hz with a DC supply voltage of 370V given to the inverter bridge and storing the IM
terminal voltages as shown in Fig. 2.3(a) in the BMP format. Subsequently, in CSV format the phase, line voltages
are logged. Using the Origin software, the FFT was performed.
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Fig. 2.3(a) Chl: Phase voltage, 200:1, Ch2: line voltage, 250:1, Ch3: across inductor voltage, 25:1, Ch4:

Phase voltage, 200:1.

Fig. 2.3(b) shows the FFT of phase voltage Fundamental frequency of 50Hz with an amplitude of 105V, and the
subsequent higher order harmonics are shown in Table-I, where the Origin and MSO results in Volts are shown
in detail for the phase voltages.
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Fig. 2.3(b) FFT of Phase voltage, 20ms/div.

Fig. 2.3(c) shows the FFT of line voltage Fundamental frequency at 50Hz with an amplitude of 175V, and
subsequent higher order harmonic are shown in Table-Il, where the Origin and MSO results in Volts are shown
in detail for the line voltages.
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Fig. 2.3(c) FFT of line voltage, 20msec/div.
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D. 60HZ OPERATION

By running the IM at 60Hz with a DC supply voltage of 370V given to the inverter bridge and storing the IM
terminal voltages as shown in Fig. 2.4(a) in the BMP format. Subsequently, in CSV format the phase, line voltages
are logged. Using the origin tool, the FFT was performed.
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Fig.2.4(a) Chl: Phase voltage, 200:1, Ch2: line voltage, 250:1, Ch3: across inductar voltage, 25:1, Ch4:
Phase voltage, 200:1.

Fig. 2.4(b) shows the FFT of phase voltage with Fundamental frequency of 60Hz with an amplitude of 100V, and
the subsequent higher order harmonic are shown in Table-1, where the Origin and MSO results in Volts are shown
in detail for the phase voltages.
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Fig. 2.4(b) FFT of Phase voltage, 20ms/div.
Fig. 2.4(c) shows the FFT of Line voltage with Fundamental frequency at 60Hz with an amplitude of 163V,

subsequent higher order harmonics are shown in Table-I1, where the Origin results and MSO results in Volts are
shown in detail for the line voltages.
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Fig. 2.4(c) FFT of line voltage, 20msec/div.
E. 62.5HZ OPERATION
By running the IM at 62.5Hz with a DC supply voltage of 370V given to the inverter bridge and storing the IM

terminal voltages as shown in Fig. 2.5(a) in the BMP format. Subsequently, in CSV format the phase, line voltages
are logged. Using the origin softwarel, the FFT was performed (MSO 20ms/div).
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Fig. 2.5(a) Chl: Phase voltage, 200:1, Ch2: line voltage, 250:1, Ch3: across inductor voltage, 25:1, Ch4:
Phase voltage, 200:1.

Fig 2.5(b) shows the Phase voltage FFT, with the fundamental frequency of 62.5Hz with an amplitude of 104V
and carrier frequency voltage of 12V.
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FFT of Phase voltage, 20msec/div
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Fig. 2.5(b) FFT of Phase voltage, 20ms/div.

Fig. 2.5(c) shows the line voltage of Fundamental frequency at 62.5Hz with an amplitude of 175V and the higher
harmonic frequencies of 850Hz and 1200Hz amplitude of 24V and 10V respectively.

FFT ofline voltage, 20msec/div
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Fig. 2.5(c) FFT of line voltage, 20msec/div.

The carrier frequency amplitude of 18V. It is observed that the harmonic frequencies other than 1KHz are due to
high voltage switching transients of power MOSFETS, whereas ~1KHz is due to the carrier frequency.

RESULTS

It is noted that by referring to headings 2.1 — 2.5 regarding the FFT results, other than the fundamental, that is
higher order harmonics may give opposing / aiding torques to the motor [8]. Hence higher order harmonic voltage
should be minimized for the drive system to operate favorably [9],[10]. The above FFT graphs will help to identify
various harmonic-frequency voltage components at the inverter terminals. The MSO math function FFT results
are given in dBv and this has been converted as voltage using the formulae.

V =10dBV/20

Using the above formulae the voltage has been calculated for the 30-50Hz frequency of operation of the motor
and validated with the Origin software voltages at the fundamental and higher order harmonic frequencies Which
is shown in Table-1 for phase voltages. Similarly, Table-11 shows the line voltages. By observing Table-I and 11
the MSO results give ~40-50% more than the Origin Software results. It is to be noted that MSO and Origin might
have been calibrated with different references. However, the results show uniformity.
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TABLE-1: Comparison of Expt. Phase voltage FFT Origin vs MSO (math function) results (in volts).
Comparison of Expt. Phase voltage FFT Origin vs MSO (math function) results (in volts).

Frequency of operation 30Hz, Phase voltage | 40Hz, Phase voltage | 50Hz, Phase voltage

Frequency Components Origin MSO Origin MSO Origin MSO
Fundamental 102 140 105 158 105 149
5™ harmonic 6 8.6 8 16 10 18.74
29t harmonic 20 30 18 27.3 12 20.5
1kHz-carrier 12 17.2 11 15 7.5 10.25
35" harmonic 12 18 125 18.7 11 13.7

TABLE-II: Comparison of Expt. Line voltage FFT results vs. MSO (math function) results (in volts).

Comparison of Expt. Line voltage FFT results vs. MSO (math function) results (in volts).

Frequency of operation 30Hz, Line voltage | 40Hz, Line voltage | 50Hz, Line voltage
Frequency Components Origin MSO Origin MSO Origin MSO

Fundamental 175 250 181 250 180 250

5" harmonic 9 145 11 21.67 12 24.3

29™ harmonic 31 43 15 24.3 17 23.6

1kHz-carrier 175 28 18 23.6 13 21

35™ harmonic 18 28 17.5 26.5 15 23.2

CONCLUSION

From Table -1 and Table-11 one can observe the results of MSO readings ~40-50% more than the Origin results.
The higher order harmonic frequencies of phase and line voltages must be low, since some of the higher order
harmonic may give negative torque to the motor which is not healthier and in addition the higher order harmonic
voltages may produce heat rather than torque, and due to the heat, the insulation of the stator winding may
deteriorate [7, 8]. Hence it is to be noted the higher order frequencies must be lower, since it produces EMI which
may be disturbing the measuring and sensing instruments.
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