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Abstract: This paper presents a Single-phase to Three-phase drive system with two parallel single-phase rectifiers, a three-phase
inverter and an induction motor. It reduces the harmonic distortion at the input converter side, rectifier switch currents, reduction in
the input current processed by parallel connection of rectifiers and reduction of the output voltage processed by series connection of
inverters. The pulse pattern for rectifier is generated through pulse width modulation (PWM) technique. The switching pulse for
inverter is generated through Space vector pulse width modulation (SVPWM) &Discontinuous space vector pulse width modulation
(DSVPWM) techniques and both the techniques are implemented using MATLAB/SIMULINK and the response of the system is

observed for SVPWM and DSVPWM.
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1. Introduction

A Single-phase system has lower cost features compared to
Three-phase system in the power distribution system. Due to
the usage of three-phase motors (because of better
performance), it necessitates the conversion of Single-phase
system to Three-phase system [1]. But the problems
associated with this conversion system are increased number
of components, distortion and irregular distribution of power
among the switches of the converter, which may give rise to
power quality issues in source side and performance issues in
load side. An alternative topology as shown in Fig.1 studied,
which reduces the rectifier switch-currents, harmonic
distortion at the input converter side and it shows
improvements in the fault tolerance characteristics [1]-[6].
By parallel connection of the rectifier, current processed at
the input side reduces and reduction of the output voltage
processed by series connection of inverter [7].

The development of this paper is done by implementing
space vector PWM control technique in continuous &
discontinuous modes for three-phase inverter. Three-phase
SVPWM, increases the dc-bus utilization compared to PWM
based on sine-triangle comparison technique[8] and
DSVPWM can effectively reduce the switching loss & output
current ripple compare to SVPWM[12].

2. Control Technique for Rectifier

The output voltage of the single-phase converter is controlled
by pulse width modulation technique. Pulse width
modulation (PWM) is a technique where the duty ratio of a
pulsating waveform is controlled by comparing reference
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Figurel: Single-Phase to Three-Phase drive system

wave with carrier wave [8] (here triangular wave is
considered as reference wave and dc signal is considered as
carrier wave).

The output voltage of the converter can be determined in two
steps. One, by considering only one pair of pulses, which are
produced by comparing triangular wave with dc signal and if

one pulse start at Wt = ¢;ends at Wt =, +0; and the

next pulse start from WI=rm+¢,and ends at

Wt = 7+, + 6,. Two, by joining the effects of all pairs
[15].
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If m"™ pulse starts at Wt = a, and its width is «, the

average output voltage due to ‘p’ number of pulses is found
from
p 2 an+0p,
V,, = Z[z j V. sinwtd (wt)]

m=1

V p
=2 "[cos a,, —Cos(a,, + 5,,)]

m=1

3. Control Technique for Inverter

The output voltage of the inverter can be controlled by
implementing space vector PWM control technique either in
continuous and discontinuous mode.

3.1 Space Vector Pulse Width Modulation (SVPWM)

In the case of the neutral point of the load is isolated, neutral
current does not exist and inverter line to line voltage is the
only source to determine the load current subcarrier
frequency component. Thus, the common mode voltage
(CMV) can be freely varied. In such applications, the
injection of the zero sequence-signal to the reference waves
significantly shifts the reference waves in vertical direction
with respect to carrier wave, which implies the average value
of the inverter line to line voltage is not affected and it
improves the voltage linearity, harmonic distortion and
switching frequency characteristics [9].

One of the method to improve the harmonic distortion by
injecting zero sequence signal is space vector pulse width
modulation (SVPWM). SVPWM is an algorithm for the
control of pulse width modulation. It is used for the creation
of ac waveforms; most commonly to drive three-phase ac
powered motors at varying speeds from dc using multiple
class-D amplifiers.

In three-phase VSI, the carrier wave may be triangular or
sawtooth for each phase can be randomly selected. On the
other hand, the carrier wave of one phase is phase shifted
with respect to the carrier wave of another phase.
Conventionally one common carrier wave is used for all three
phases due to its symmetrical switching sequence which
results in low harmonic distortion and low switching losses.
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Figure 2: Three-Phase Voltage source Inverter

The circuit of the three-phase PWM inverter is shown in
fig.2. When the upper switch of the inverter is turned on(a, b,
c value is 1), then the corresponding lower switch is turned
off(a, b, ¢ value is 0). Then the three- phase inverter forms
eight voltage vectors [7]. Out of these eight vectors, six
vectors are non-zero vectors and two vectors are zero
vectors. The output voltage of the inverter is calculated by
using the following equations;

e Line to Line Voltage Vectors

V., | 1 -1 0fa
Ve =Vl 0 1 1D Q)
V., -1 0 1]jc

e Line to_neut;al Voltage Vector
V., 2 -1 -1ja
Vi, | = %Vdc -1 2 -1|b (2)
V., | 1 -1 2]|c

By substituting voltage vectors in equations(1)&(2), we can
calculate the output voltage of the inverter and the voltages
are shown in Table-1 [8].

Tablel: Switching pattern and output vectors

\VoltageSwitching vectors  Line to neutral Line to line
vectors voltage voltage
a b c Van Vbn Vcn Vab Vbc Vca

Vo 0 0 0 0 0 0 0 0 0
V, 1 0 0 | 23 |-13]-13] 1 0 -1
V, 1 1 0 | 1/3 | 13 |-23|] 0 1 -1
Vs 0 1 0 | -3 |23 |-13]| -1 1 0
V, 0 1 1 |23 113 |13 ]| -1 0 1
Vs 0 0 1 | -3 | -13 | 213 0 -1 1
Vs 1 0 1 | 13 | -213 | 13 1 -1 0
V5 1 1 1 0 0 0 0 0 0

(Note that the respective voltage should be multiplied by V)

These voltage vectors form a hexagon, which consists of 6
sectors spanning 60° each [11]. Consider the reference

voltage vector V¢ with an angle a as shown in fig-3.
i AX1% &

L Va

Vs
{101

Figure 3: Basic switching vectors and sectors

{001

For each sector we can determine the ON/OFF time period of
each switch and this switching time in any sector is
calculated by using equations (3) & (4) [7].
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3TV
T, R sin(*— ) )
V. 3
3TV _
T, =@Sm(a_w) (@)
dc
T,=T,-T,-T (5)

Here T is time period of the switching sequence.

By using these switching time periods, we can generate the
switching time of each switch in any sector and the switching

time of the switches are shown in table-2[10].

Table2: Switching time table at each sector

sector Upper switches Lower switches
(S1, S, Se) (S4, Se.S2)
1 81:T1+T2+T0/2 S4:T0/2
S3ZT2+T0/2 86:T1+T0/2
S5ZT0/2 82:T1+T2+T0/2
2 81:T1+T0/2 S4:T2+T0/2
S3:T1+T2+T0/2 86:T0/2
S5ZT0/2 82:T1+T2+T0/2
3 81:T0/2 S4:T1+T2+T0/2
S3:T1+T2+T0/2 86:T0/2
S5ZT2+T0/2 SZZT1+T0/2
4 81:T0/2 S4:T1+T2+T0/2
S3ZT1+T0/2 86:T2+T0/2
S5ZT1+T2+T0/2 82:T0/2
5 81:T2+T0/2 84:T1+T0/2
83:T0/2 86:T1+T2+T0/2
85:T1+T2+T0/2 82:T0/2
6 81:T1+T2+T0/2 S4:T0/2
83:T0/2 86:T1+T2+T0/2
85:T1+T0/2 82:T2+T0/2
3.2 Discontinuous Space Vector Pulse  Width

Modulation (DSVPWM)

To obtain SVPWM, we require two non zero voltage vectors
and two zero vectors in each sector and one zero vector (000)
start at the start of the switching period, another zero vector
(111) end at the switching period[14]. It is possible to join
the two successive half cycle non-zero voltage vectors, to
eliminate one zero voltage vector resulting in discontinuous
space vector PWM (DSVPWM). Because of this method,
switching period of the sector is reduced, as a result
switching losses are reduced [13]. There are two types of
modulation schemes are available in DSVPWM depending
on the variation in the placement of the zero vectors.
1. 120° Discontinuous modulation

a) DPWMMIN

b)DPWMMAX
2. 60° Discontinuous modulation

a) DPWMO

b) DPWM1

c) DPWM2

In 120° Discontinuous modulation, fix the lower dc bus as
selected V(000) for all six sectors is called DPWMMIN and
fix the upper dc bus as selected V,(111) for all six sectors is
called DPWMMAX.

In 60° Discontinuous modulation, alternatively place zero
vectors for successive 60° segments. In this, DPWM1 is fixed
at positive and negative dc bus for each sector which is
suitable for resistive load. In DPWMO0 and DPWM2,
alternatively place zero vectors in each 60° variation depend
up on the peak value of the load current at each 60°. Both
types give higher reduction in switching losses than
DPWMLl.all among these methods DPWM2 is the most
preferable method for power factor correction operation [16].
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Figure 4: 60° Discontinuous modulation

In DPWM2 (30° lagging mode), to illustrate the modulation
method, take S, Sy, Sc are the control signals for top
switches for three phase inverter. If we consider reference
vector as sectorl, phase A voltage become the maximum
voltage compare to other the phases. Therefore the top
switches of the phase A will keep in conduction in sectorl
[9]. According to this, the peak value of the phase A is
positive at sectorl and negative at sector4. On the other hand
the peak value of the phase B is positive at sector3, negative
at sector6 and the peak value of the phase C is positive at
sectorb, negative at sector2[16].

4. Comparative analysis

We can show the improvement in the performance of single-
phase to three phase system using DSVPWM compare to
SVPWM by showing the improvement in total harmonic
distortion (THD), common mode voltage (CMV), switching
losses, power factor correction (PFC).

4.1 Total Harmonic Distortion (THD)

THD of a signal is measurement of the harmonic distortion
present in that signal and this is defined by the ratio of the
sum of the power of all harmonic components to the power of
the fundamental frequency. THD is used for describe the
power quality of electric power system.

Consider a system with an ac source and electric load (load is
going to take to one of the two loads linear or non linear). If
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we consider linear loads, we can get sinusoidal current or
voltage wave form, otherwise the current wave form deviates
from a sinusoidal, because of this deviates distortion are
created in that wave form, it is composite of multiple wave
forms called harmonics [17].

Frequencies of harmonics are integral multiple of the
fundamental frequency. Given 50HZ fundamental wave form,
the 2" 3 4th harmonic components will be at 100HZ,
150HZ and 200HZ respectively. THD can be calculated by
using equation (6).

)

THD =

*100%  (6)

Where V,, V3, V,...are the harmonic components of voltage
wave form and V; is the fundamental component of voltage
wave form.

In power system, lower THD means reduction in peak
currents, heating, emissions and core loss in motors.

4.2 Common Mode Voltage (CMV)

The common mode voltage is defined as the difference
between stator neutral point of the motor and electrical
ground or dc bus mid-point.

By considering switching function of the inverter S, using
SVPWM and dc bus voltage, we can get the voltage at the
neutral point of the motor. Then, the neutral point voltage is
defined as

1
Vg =V (Sy _E) )
When S,=1, the upper switch of the corresponding phase
Arm of the inverter is turned-ON
S,=0, the lower switch of the corresponding phase
Arm of the inverter is turned-ON
Then Common mode voltage (CMV) here is defined as
neutral voltage with respective to the dc bus mid-point. So

Vi < \Y
Vo =—2£3'5, ——% (8)
com 3 o X 2
Equation (8) shows that the CMV will have the magnitude of
dc Vdc . . .
t 7 ort ? depending up on the switching frequency.

Since the common mode voltage (CMV) changes among the
above switching pattern of the inverter, it induces motor shaft
voltages and bearing currents that can result in premature
motor bearing failures. Also, the common-mode voltage
can cause common-mode current to flow through the ground
conductor of the motor and back into the power mains
causing conducted EMI[18].

4.3 Switching Losses

In power electronics switching losses typically contribute a
significant amount to the total system losses and it is the

important parameter for analyzing the system efficiency, i.e.
if we reduce the switching losses in the system, the point of
load system efficiency increases. So, for the designers of
converters accurate switching loss model become the
important target. To improve reliability of the design based
on the calculation of the junction temperature time behavior,
it is necessary to calculate the switching losses[19].

The switching losses in the IGBT and the Diode are the
product of switching energies & the switching frequency

(fow)-
I:>sz = (E

Pst :(E

+ EoﬂT ) x fsw (9)
(10)

onT

+ EoffD) X fsw

onD

Here the turn- on energy losses in IGBT (E,7) can be
calculated as the sum of the switch on energy without taking
reverse recovery process in to account(Eg,ti) and the switch
on energy caused by the reverse recovery of the free-
wheeling diode(Eq\) and turn-on energy in the diode
consists mostly of the reverse-recovery energy(Eqnp).

Eqnr = Epry+ E

on

onTi onTrr (11)

4.4 Power Factor Correction

Power factor is the ratio between the useful power (KW) to
the total power (KVA) consumed by an item of a.c electrical
equipment. The ideal power factor is unity. If the power
factor of the equipment is less than one, extra power is
required to get the unity value [20].

Basically the poor power factor is caused by the significant
phase difference between the voltage and current at the load
terminal or due to the high harmonic content or distorted
current waveform.

5. Simulation Results

The simulation output voltages of the single phase to three
phase system using SVPWM and DSVPWM control
techniques are shown in Fig.5&6. The Total Harmonic
Distortion (THD) of SVPWM&DSVPWM is shown in
Fig.7&8 respectively. From that graphs we can observe that
the THD of the DSVPWM is less compare to SVPWM.
Because of the reduction in the THD, the power factor
improves. The Common-mode Voltage (CMV) of
SVPWM&DSVPWM is shown in Fig.9&10 respectively.
From that graphs we can observe that the positive voltage of
DSVPWM is less compare to SVPWM. So DSVPWM
improves the Common-mode Voltage. In SVPWM technique
four switches are conduction in each sector and only three
switches are conduction in DSVPWM technique. So the
switching losses are less in this system using DSVPWM
technique compare to SVPWM technique.
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.

Figure 9: Common Mode Voltage (CMV) SVPWM

Figure 10: Common Mode Voltage (CMV) DSVPWM

6. Conclusion

By the parallel connection of two rectifiers at the input side,
we can reduce the harmonic distortion, rectifier switch
currents and improves the fault tolerance characteristics.
From the results we can observe that the improvement in the
Total harmonic distortion (THD), Power factor, Common-
mode Voltage (CMV) and switching losses of the system by
using DSVPWM technique compared to SVPWM technique.
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