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Abstract- Whenever Three-Phase Induction Motor is in running
condition, there is a problem with ripple torque & harmonics.
This hampers the smooth operation of the machine and it also
aggravates the amount of heat generated. The ripple content can
be smoothened by supplying the motor with multi phase supply
greater than three phase supply. Selection of even number of
phases should be avoided, because it degrades the performance
of motor as poles coincide with each other. So, Five Phase
Supply/Odd Phases may be preferred. This paper proposes a
difference between Three-Phase supply and Five-Phase supply.
Five-Leg Inverter is a converter converts DC to variable AC (i.e.,
variable voltage and variable frequency). Output of the five leg
inverter is controlled by PWM control technique method. It is
highly economical, has more Efficiency and good controllable.

Keywords- Five-Phase Supply (Voltage, Current & Power
Relations), Five-Leg VSI, PWM control technique.

. INTRODUCTION

Multiphase (more than three phase) systems are the focus
of research recently due to their inherent advantages compared
to their three phase systems. The applicability of multiphase
systems is explored in electric power generation [2]-[5],
transmission [6],[7] & utilization [8]-[17]. Multi-phase motor
drives are concerned, the first proposal was given by Ward
and Harrer way back in 1969 [1] and since then the research
was slow and steady.

The research on multiphase drive systems has gained
momentum at the start of this century due to the availability of
cheap ratable semiconductor devices and digital signal
processors [10]-[14]. It is to be emphasized here that the
multiphase motors are invariably supplied by ac/dc/ac
converters. Thus, the focus of the research on the multiphase
electric drive is limited to the modeling and controlling of the
supply systems [15]-[17]. Little effort is made to develop any
static transformation system to change the phase number from
three to n- phase [17]. Here the phase sequence is n>3 and odd
[16] because six phase transmission lines can be smaller, more
complex in tower construction compared to a standard double
circuit three phase line [12].

The research on multiphase generators has started recently
and only a few references are available. This paper, proposes a
phase transformation system which converts an available
three-phase supply & DC supply to an output five-phase
supply [9]. Multiphase, especially a 6-phase and 12-phase

system is found to produce less ripple with a higher frequency
of ripple in an ac—dc rectifier system. Thus, 6- and 12-phase
transformers are designed to feed a multipulse rectifier system
and the technology has matured. Recently, a 24-phase and 36-
phase transformer system had been proposed for supplying a
multipulse rectifier system [18]-[20]. The reason for choosing
a 6-, 12-, or 24-phase system is that these numbers are
multiples of three and designing this type of system is simple
and straightforward. However, increasing the number of
phases certainly enhances the complexity of the system. None
of these designs are available for an odd number of phases,
such as 5, 7, 11, etc [22].

Il.  FIVE-PHASE SUPPLY
A. Three-Phase Supply Voltage, Current & Power relations

Fig. 1 shows three loads connected in the star formation to
a three phase four wire supply system. Fig. 2 shows the phasor
diagram, the red to neutral voltage Vgy is taken as reference
and the phase sequence is red, yellow, blue so that the other
line to neutral voltages or phase voltages lie as shown.

If Vrn = Vyn = Ve and they are equally spaced the system
of voltage is balanced. Let V, be the voltage between any pair
of lines (the line voltage) and Vp = Vgry = Vyn = ey (the

phase voltage) Then V| = \/§Vp and I, = lp. Where I is the

current in any line and Ip is the current in any load or phase.
The power per phase is P = Vp Ip cosd and the total power is
the sum of the amount of power in each phase.

Red

Neutral

Blue
Yellow

Fig. 1 Star connection (Three-Phase four wire system)
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Fig. 2 Phasor representation of three phase voltages

If the currents are equal and the phase angles are the same
as in Fig. 3 the load on the system is balanced, the current in
the neutral is zero and the total power is, P = 3VpylphcosD

P= \/§VL I, cos@
or
P=1.73V_I_cosd

Fig. 3 Phase relationship between phase voltages and currents

B. Five-Phase Voltage, Current & Power relations

Fig. 4 shows the phasor diagram, the red to neutral voltage
Van is taken as reference and the phase sequence is red,
yellow, blue, green, purple so that the other line to neutral
voltages or phase voltages lie as shown.

Fig. 4 Phase relationship between voltage and current

If Van = Van = Ven = Von = Ven and they are equally
spaced (i.e., 72° each phase) the system of voltage is balanced.
Let V. be the voltage between any pair of lines (the line
VOItage) and Vpeh = Van = Ven = Ven = Von = Ven (the phase

voltage) Then V| = +/1.38 Vp, or V. = 1.175Vp, and 1. = Ip.
Where 1, is the current in any line and Ip is the current in any
phase. The power per phase is P = Vp Ip cos@ and the total
power is the sum of the amount of power in each phase.
P =5Vplp, cosd
or
P=4.25V_I| cosd

C. Comparison between Three-Phase & Five-Phase Supply

Three-Phase Voltage relation:

V. = \/§ VpnorV, = 1.73 Ven
Five-Phase Voltage relation:

V.= '\/138 Venor Ve =1.17 Vpy,
Three-Phase Current relation:
IL=lpy
Five-Phase Current relation:
IL=lpy
Three-Phase Power (in the case of balanced system):

P= \/§ VI cos@ or P=173V, I _cosd
Five-Phase Power (in the case of balanced system):
P =5 Vp,lpncosd or P=4.25V,_1,_cos@d
So, the five-phase power is more than the three-phase
power, i.e., five-phase power is 2.52 times more than the
three-phase power and 4.25 times more than the single-phase
power.
1. FIVE-LEG INVERTER

Single-phase VSIs cover low-range power applications,
three-phase VSIs cover the medium- to high-power
applications and five-phase VSlIs cover above the three-phase
power applications. The main purpose of these topologies is to
provide a five-phase voltage source, where the amplitude,
phase, and frequency of the voltages should always be
controllable. Most of the applications require sinusoidal
voltage waveforms. The five-phase VSI topology is shown in
Fig. 5. As in single-Leg of VSIs, the two switches (S; and Se,
Ss and Sg, Ss and Sy, S;and S; or Sg and S;) cannot be
switched on at a time, because this would result in a short
circuit across the dc link voltage supply. Similarly, in order to
avoid undefined states in the VSI, and thus undefined ac
output line voltages, the switches of any leg of the inverter
cannot be switched off simultaneously as this will result in
voltages that will depend upon the respective line current
polarity.

The circuit totally explained with six steps. During step-1,
0 < ot < 7/5, switches conducting 1, 8, 10, 7, 9. It is shown
Fig. 6. All impedances are same and Z1, Z4, Z5 are parallel
having +ve sign and Z2, Z3 are parallel having —ve sign. The
above two combinations are in series each other.
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Fig. 5 Five Phase/Leg Inverter Topology.
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Fig. 6 Equivalent Circuit for switching.
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Fig. 7 Voltage waveforms for 180° mode 5-phase VS|

V. SIMULATION RESULTS

The five leg inverter is at first simulated by using
“simpowersystem” block sets of the Matlab/Simulink software.
The inbuilt IGBT/Diode blocks are used to simulate. The
appropriate gate pulses are set by PWM technique and the
simulation is run. Brief output voltage description for the five

leg inverter is shown below. The simulation model is depicted in
Fig. 8 and the resulting input and output voltage waveforms are
illustrated in Fig. 9, 10 & 11. It is clearly seen that the output is
a balanced five-phase supply for a DC supply. There was no
earth current flowing when neutral earthed at load side. The
output currents with voltage waveforms are shown in Fig. 9, 10,
& 11.
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Fig. 8 Simulation Diagram for Five-Leg Inverter
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Fig. 10 Five-Leg Inverter Five-Phase Output Voltage
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Fig. 11 Five-Leg Inverter Five-Phase Output Current
V. CONCLUSION 12. THD is 0.43% acceptable. Fig. 13 shows the list type

This paper proposes a new five leg inverter connection
scheme to invert the three-phase grid power (it is convert by
rectifier as DC)/DC to a five-phase output supply. The
connection scheme and relation between input and output are
illustrated. The successful implementation of the proposed
connection scheme is elaborated by using simulation. It is
expected that the proposed connection scheme can be used in
drives applications and may also be further explored to be
utilized in multiphase power transmission systems. From the
application point of view it is suitable, driven the Five Phase IM
as ripple free torque and variable speeds are also available by
varying the switching frequency. This inverter scheme is

— FFT analysis
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Fig. 12 Total Harmonic Distortion with bar type analysis
cheaper, because the IGBT cost and PWM technique control
scheme setup kit is very cheaper. The five leg inverter Total
Harmonic Distortion (THD) with bar type analysis is shown Fig.

analysis for total harmonic distortion. In this the circular spot
shows the third harmonic percentage include at the output side.
Switching frequency is 2000 Hz. The five phase power is 2.52
times more than the three phase power and 4.25 times more than
the single phase power.

— FFT analysis
by St i -
|Samples pe =
|DC component = 0.09455
|Fundamental = 438.7 peak (310.2 rms) .
Total Harmonic Distortion (THD) = 0.43%
Maximum harmonic frequency
used for THD calculation = 9950.00 Hz (199tt
0 Hz (DC): 0.02% 90.0°
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Fig. 13 Total Harmonic Distortion with list type Analysis
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