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Abstract—This manuscript presents the effects of changing
modulation indices on current and voltage harmonics of
universal motor when it is supplied by single phase PWM (SP-
PWM) inverter, the effect has been analyzed with simulation and
experimental setup. For variable speed applications universal
motor can be controlled either by phase angle control drive or by
SP-PWM inverter drive. SP-PWM inverter-fed drive is common
technique that is used to adjust the voltage applied to motor, so
that variable speed can be obtained. With the application of SP-
PWM inverter-fed drive, harmonics are generated because of
power electronic devices. According to the IEEE standard 519,
the total harmonic distortion (THD) must be within 5%. In this
paper, the effect of modulation index (MI) is used to analyze
THD content, and its variation alters the harmonic content.
However, the effects are also analyzed through experimental
setup in order to validate the system performance. In future
work, keeping modulation index constant, different PWM
strategies can be employed in order to decrease harmonics.
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I.  INTRODUCTION

In recent years speed control of universal motor by using
SP-PWM inverter fed drive is widely used because of its
efficient control [1], [22]. In operation, universal motor is very
similar to series dc motor, but unlike dc series it can be
operated on ac voltage also. Universal motor is designed to
operate on either dc or ac. Universal motor is different from dc
series motor construction wise. Direction of torque is same for
any current polarity as well as ac current. Universal motor
have some good features due to its more power related to its
size and weight. As compared to induction motor universal
motor is popular because of its high speed ranging from (1500
to 2000 RPM). Universal motor is suitable for washing
machines, drills and dust extractors. Universal motor have also
some drawbacks because of sparking produced by commutator
segments. And also lower life time and loud noise as
compared to induction motor. Due to advancement in power
electronics technology, power inverters are widely used in
power systems, household appliances, transportation,
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specifically in variable frequency drives [2]. Speed of
universal motor can be controlled by using two types of
controllers i.e. phase angle control (using TRIAC or Thyristor)
or by with PWM converters (Using IGBT) [3]. Using such
type of convertors speed of universal motor can be controlled
by adjusting output voltage of converter. As universal motor is
widely used in home appliances so the controllers are
designed to operate on ac voltage [4]. SP-PWM inverter -fed
drive is common technique that is used to adjust the voltage
applied to motor [5]. With PWM inverter-fed drive harmonics
are generated because of application of power electronic
devices used in the circuitry. The harmonics produced must be
within allowable limit of 5% as recommended by IEEE
standard 519, so that other loads may not be affected by
harmonics produced. Different methods are proposed to
decrease THD content generated by SP-PWM inverter-fed
drive supplying universal motor. Voltage source inverters are
implied in Sinusoidal pulse width modulation techniques, VSI
are remained area of interest for researchers. In SP-PWM
inverter -fed drive, some parameters effect the production of
harmonic content, out of these parameters modulation index
should be changed to control amplitude and speed. So
variation of modulation index is analyzed [6]. With the
application of single phase PWM inverter-fed drive the iron
loss in electric sheets of stator and rotor can be reduced
significantly [5]. The increased awareness of harmonics in
recent years is the result of concerns that harmonic distortion
levels are increasing on many electrical power systems [7],
however, this is the hot research direction now-a-days, the
emphasis is on the cost effective exploitation regarding power
quality and reliability [8]. Today’s one of the most serious
issue due to which industrial consumers are suffering financial
losses enforced by utility regulations is power quality. Out of
several PQ disturbances THD is most common type of
disturbance, thus it’s necessary to analyze THD content due to
usage of power electronic components used in household
appliances to guarantee the more pure form of power to
customers [9]. Due to these harmonics, problems are created
which include interference with communication lines,
degradation of insulation levels of equipments, heating of
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winding, excessive currents, increased power losses which
ultimately reduce life of equipment. Harmonics affect power
quality and increase system losses up to 20% out of which
27% may be attributed to harmonics [10-11]. Recent studies
reveal that the additional power losses in distribution networks
may be in range of 4-8.5% for various harmonic levels [12].
Power electronic converters are used in VFDs and ultimately
causes elevated harmonics into the system. Design engineers
and semiconductors suppliers are interested in energy efficient
and low cost variable frequency drives. PWM based variable
switching frequency technique is proposed to reduce total
harmonic distortions [13], in addition, the use of very high
range of switching frequency is not suitable for semiconductor
switches of real grid-connected inverters [14]. As per the
IEEE standards 519, current and voltage total harmonic
distortion must be restricted lower than 5%. PWM controllers
operating at elevated index of modulation causes decline in
THD. In universal motor, steady speed control system is
supplied by pulse width modulation controlled through ac
chopper, additionally providing enhanced range of speed and
ultimately reacting even healthier under abrupt alterations in
load [15]. In this research work development of simulation
models of universal motor and PWM controlled single phase
inverter-fed drive is presented by using
Matlab/Simulink/Simscape software. A simulation model is
developed for harmonic analysis of universal motor when it's
fed by SP-PWM controlled single phase inverter-drive. Same
work is done experimentally, by using a reference variable
generator, PWM controller, single phase IGBT driver set.
Harmonic analysis is done with different modulation indices.
Experimental and simulation results are observed nearly equal.
Harmonic contents are lower at higher modulation indices.
Section 111 contains equations related to voltage and current
for universal motor. Different speed control techniques are
also discussed in this section. Simulation model for Universal
motor supplied by single phase inverter is described in
Section V. Detail of experimental setup for harmonic analysis
of the system is also given in this section. Results are
compared and discussed. Finally paper is concluded in
Section V.

Fig. 1. Sinusoidal pulse width modulation.
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Il. SINUSOIDAL PULSE WIDTH MODULATION

Many industrial applications use variable speed drives, and
PWM is mostly common technique used in these variable
speed drives. Among different PWM techniques sinusoidal
pulse width modulation is widely used. In sinusoidal pulse
width modulation width of gating pulse is changed in
accordance with the width of reference signal. The control
signals are generated by comparing sinusoidal wave with
triangular or squire wave as shown in Fig. 1, the frequency of
reference signal determines the inverter output frequency, in
result it controls the modulation index whereas number of
pulses per half cycle depends upon the frequency of carrier
signal. DC input voltage is fed to SP-PWM for producing
sinusoidal wave at prescribed frequency. There are two SP-
PWM techniques for H-bridge inverter which are unipolar and
bipolar switching [16] SPWM technique has reduced power
loss, because of its switching devices remain almost off (Low
current means low power) and remain hardly on (Low voltage,
low power) PWM signals can easily be generated by using
modern microcontrollers [17].

I1l. SPEED CONTROL OF UNIVERSAL MOTOR

Universal motor is mostly supplied by single phase ac
voltages [18], [21]. Fig. 2 shows schematic diagram for
universal motor. System of equations for field voltages and
voltage of armature are shown in (1).
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AC or DC Power Supply

Fig. 2. Schematic diagram of universal motor.

220V
50 Hz

Fig. 3. Speed control of motor using TRIAC.
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220V
50 Hz

Fig. 4. Speed control of motor using chopper.

Where, the field and armature currents are related by (2).

(1] @[i(t)] @

The voltage across the winding are related by

vmqlgwj @)

a

By using (2) and (3), the voltage equation can be rewritten

as

vit)=(R LP M,)i(t) 4)
Where

R=R, +R, (5)

L=L,+L, Q)

Speed of universal motor is mostly controlled by using ac
chopper and phase angle control method. TRIAC is used in
phase angle control technique to control the amount of voltage
supplied to the universal motor as shown in Fig. 3. In the
chopper control application, voltage applied to the motor is
adjusted by using PWM technique. Amount of voltage
supplied to motor is changed by variations in duty cycle of
PWM signal [19]. Carrier frequency also affects the THD
[20]. AC power chopper needed one more stage and it consists
of power switch rectifier and fast switching power diode.
Simplified chopper control technique using IGBT is shown in
Fig. 4. Industrial applications requiring superior performance
are using PWM based VFDs. Improvement in power
electronics control circuits is caused by recent developments
in power semiconductor industry. Hence, different circuit
configurations, namely, PWM inverters have become popular.
A number of PWM schemes are used to obtain variable
voltage and frequency supply. The most widely used PWM
scheme for voltage source inverters is sinusoidal PWM [16].
In accordance with the sine function, the inverter output
voltage and frequency can be controlled by using SPWM
technique. In this scheme the width of each pulse is varied in
proportion to the amplitude of a sine wave evaluated at the
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center of same pulse. The gating signals are generated by
comparing a sinusoidal reference signal with a triangular
carrier wave of frequency f.. The frequency of reference signal
f. determines the inverter output frequency f,; and its peak
amplitude A, controls the modulation index M, and then in turn
the RMS. The output voltage V, if m is the width of m the
pulse the output RMS voltage can be determined by

v £20) ©

m=1 7T

IV. SIMULATION AND EXPERIMENTAL DETAILS

Fig. 5 shows the simulation model of single phase pulse
width modulator inverter fed supplying universal motor. A
physical system in Simulink environment is introduced by the
model consisting of Simscape. Simscape is used to make
control block diagrams of universal motor, while single phase
pulse width modulator is built in Simulink. Pulse width
modulator generator helps in altering index of modulation and
switching frequency. The fast fourier transform is presented as
a tool for analysis for various indices of modulation and
frequency of switching. Ideal block of rotational motion
sensor represents ideal mechanical rotational sensor. Ideal
block of rotational motion sensor helps in conversion of
variable (across) between 2 nodes of mechanical rotation into
angular velocity in proportion to signal of control. The block
of ideal torque source denotes ideal mechanical source. The
simulation parameters to model universal motor are J=2e-4;
B=1e-6, R,+Rs=90Q; L,+L=181 mH

Experimental setup of harmonic analysis of universal
motor when it's fed by SPWM controlled single phase
inverter-fed drive is shown in Fig. 6. Starting from the left dc
Power supply module that is required to provide dc power
supply is to reference variable generator for single phase
PWM controller. The output voltage of reference variable
generator is used as command input voltage of the SP-PWM
controller. SP-PWM controller module is used to generate
gating signals of IGBT driver set module. IGBT driver set
produces dc at its output terminals from dc voltage at its input.
Frequency of output voltage depends upon the frequency of
command voltage and the peak value of reference signal
controls the average output voltage. Power quality analyzer is
used to measure THD for current and voltages, it also display
harmonic orders with respect to fundamental frequency.
Harmonic spectrum response is taken at different M.I. Fig. 7
shows FFT analysis for current of system under discussion for
carrier frequencies of 1 kHz with modulation index of 0.6. It
shows a THD; of 50.10%. Both even and odd harmonics are
present in harmonic spectrum. As shown in Fig. 8 waveform is
not pure sinusoidal because it’s obtained at lower modulation
index.

Fig. 9 shows experimental results for harmonic spectrum
of system with 1 kHz carrier frequency with modulation index
of 0.6. It shows THD; of 56.1% which is nearly equal to
simulation results, quite acceptable considering system
parameter variations with temperature, parasitic effects in
motor as well as single phase PWM inverter circuit, wiring
and supply voltage.
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Fig. 5. Matlab based simulation model of universal motor fed by single phase PWM inverter.
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Fig. 6. Experimental setup for universal motor fed by SP-PWM inverter.
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Fig. 8. Output current waveform using simulation at modulation index of 0.6

with 1 kHz carrier frequency.
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Fig. 11. Simulation based current harmonic spectrum response at 1 kHz
frequency with M.1 of 0.9.
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Fig. 16 and 17, respectively show simulation and
experimental harmonic analysis for current of system under
discussion with modulation index of 1.
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Fig. 13. Output current waveform using simulation at modulation index of 0.9
with 1 kHz carrier frequency.
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Fig. 14. Output current waveform using experimental setup at modulation
index of 0.9 with 1 kHz carrier frequency.
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Fig. 12. Experimental based current harmonic spectrum response at 1 kHz
frequency with M.1 of 0.9.

Fig. 10 shows output current wave form with experimental
setup at modulation index of 0.6 with distorted waveform by
further increasing modulation index at value of 0.9, and
simulation results for current harmonics are obtained, Fig. 11
and 12, respectively show simulation and experimental
harmonic analysis for current of system under discussion with
modulation index of 0.9 and it is observed that harmonics are
reduced considerably with increasing modulation index when
its compared with FFT analysis of current at modulation index
of 0.6. Increased modulation index i.e. 0.9 affects the output
waveform current; it is shown in Fig. 13, that simulation based
output current waveform is more sinusoidal then current
waveform observed at modulation index of 0.6. Experimental
output waveform form for current is shown in Fig. 14.
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Fig. 15. Simulation based current harmonic spectrum response at 1 kHz
frequency with M.1 of 1.
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Fig. 16. Experimental based current harmonic spectrum response at 1 kHz
frequency with M.1 of 1.
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Fig. 17. Output current waveform using simulation at modulation index of 1
with 1 kHz carrier frequency.
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Fig. 18. Simulation based output current wave form at three different
modulation indices.
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observed that best output signal is produced by increasing the
modulation index graphically it’s shown in Fig. 19. Current
harmonics will cause harmonics in voltage. These voltage
harmonics will affect operation of other appliances connected
to the supply network. THDv for three modulation indices
were also observed using simulation and experimental
arrangements. Fig. 20 shows FFT spectrum of voltage
harmonics at modulation index of 0.6 with keeping the carrier
frequency constant at 1 kHz and modulation index of 0.6,
experimental results of voltage harmonics are shown in
Fig. 21.
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Fig. 20. Simulation based voltage harmonic spectrum response at 1 kHz
frequency with M.1 of 0.6.
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Fig. 19. THD;at different modulation indices at constant carrier frequency of
1 kHz.
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At modulation index of 1, output current waveform is pure
sinusoidal as shown in Fig. 15. Comparison of output current
waveforms with different modulation indices is shown in
Fig. 18 and it’s observed that when M.I is fixed at 1, then
output current waveform is more sinusoidal. Results of THD;
for different modulation indices are shown in. Carrier
frequency is fixed at 1 KHz. It is clear that increasing
modulation index current harmonics are decreasing; it’s also

Harmonics
A THD 221.2%f

Puni & 0:27:50 B ~F
‘....1093{ .................................................
4. .. [ETF3 [poscoocoooocooosoo|fpocacoscscoacsocosappposacasaaa
........ 1 Illl-l-l-!l-lgll llll!l-l!lll'llllll lllg-l-!-.
THDODC 1 5 9 13 17 21 25 29 33 37 41 45 49
2rfa/ 16 20:16:21 230U 50Hz 18 EH50160

EUENTS

STOP

METER 0

START

Fig. 21. Experimental based voltage harmonic spectrum response at 1 kHz

carrier frequency with M.| of 0.6.

Harmonics
A THD 181.5%F
Puti o m:31:12 P ER =
e TP EURA P [P eeeeeeecccccop P peeeeeeeee 000 P P[P [P oo00e
-4 100 L

13 17 21 25 29 33 37
2300 50H=z 18
EUVEHNTS

THODC 1
87209216 20:19:44

—
o — 3
—
—

i

—
——

41 45 49
EHS0160

METER 0

Fig. 22. Experimental based voltage harmonic spectrum
frequency with M.1 of 0.9.

www.ijacsa.thesai.org

response at 1 kHz

172|Page



(IJACSA) International Journal of Advanced Computer Science and Applications,

Fundamental (50Hz) = 137.2 , THD= 179.20%
T T T T

Mag (% of Fundamental)

Illlllnnuunnlllll. lIII-.- - Al

0 5 10 15 20 25 30 35 40
Harmonic order
Fig. 23. Simulation based voltage harmonic spectrum response at 1 kHz
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Fig. 24. Experimental based voltage harmonic spectrum of PWM based
inverter fed universal motor with 1 kHz carrier frequency with modulation
index of 1.
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Fig. 25. Simulation based voltage harmonic spectrum response at 1 kHz
frequency with M.1 of 1.
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With further increasing modulation index it can be
observed that harmonic contents are reducing significantly
Fig. 22 and 23 shows the harmonic content using simulation
and experimental setup at modulation index of 0.9 but with
same carrier frequency with further increase of modulation
index, the voltage harmonic content are reducing which can be
observed from Fig. 24 and 25 for both simulation and
experimental setup at modulation index of 1. Comparison of
THDv for different modulation indices are graphically shown
in Fig. 26.

V. CONCLUSION

Most of household appliances use universal motor in their
operation and some of applications in industries. Its output
torque is controlled through variations in supply voltage.
When universal motor is operated for variable speed or high
torque applications by incorporating power electronic
converters in result harmonics are generated. Nature of
harmonics generated imparts adverse effects on performance
of universal motor and also other connected equipment. In this
research work, harmonic analysis of single phase pulse width
modulator inverter with various indices of modulation
supplying universal motor is the focus of study. However at
very higher switching frequencies losses will be more, this
limits the work. A single phase pulse width modulation
inverter supplying universal motor is modeled in MATLAB.
In order to validate simulated results experimental
arrangement is also established. Results show that content of
voltage and current harmonics are more than standard limit of
5% as set by IEEE Standard 519. It is also concluded that
THD decreases with increasing modulation index. In future
work, keeping modulation index constant, different PWM
strategies can be employed in order to decrease harmonics.
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