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PHASE TRANSFORMERS FOR THREE PHASE
APPLICATIONS
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Abstract—This paper proposes an H-Bridge Cascaded Three phase Multilevel Inverter. The proposed three phase Cascaded
Multilevel Inverter makes use of single DC source. The proposed three phase Multilevel Inverter uses series connected three phase
transformers so the number of single phase transformers used in traditional three phase Multilevel Inverter can be reduced. Hence the
volume of the circuit is reduced, ease of control and flexibility of application. The switching losses and the harmonic components of the
output voltage are reduced. The switching frequency of the proposed three phase Multilevel Inverter is equal to the fundamental
frequency. Simulations are carried out to verify the performance of the proposed three phase Multilevel Inverter
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1. INTRODUCTION

The multilevel inverters use switching devices and
capacitor voltage sources. By means of appropriate control
of the switching devices, multilevel inverter generates the
cascaded output voltages. The harmonic components of the
output voltage are reduced. Multilevel inverters can
overcome the disadvantages of traditional PWM inverters
[1], [9]-[10]. Three types of multilevel inverters are
present. They are diode-clamped multilevel inverter [3]-
[4], flying capacitor multilevel inverter [3] and cascaded H-
bridge multilevel inverter with separate dc sources [5]. The
disadvantages of the diode-clamped multilevel inverter are
that it requires more number of clamping diodes when the
number of levels is high, difficult to control the real power
flow of the individual converter in multilevel
inverters and capacitor voltage unbalance problem [2].
The disadvantages of flying capacitor multilevel inverter
are that it requires more number of capacitors when
losses are high. The disadvantage of the traditional H-
Bridge cascaded type multilevel inverter requires
independent dc-link voltage source [2], [6]-[8], [11] - [12].
In this paper, the proposed H-Bridge Cascaded type
multilevel inverter uses single DC source and series
connected three phase transformers. By the proposed
circuit configuration, number of single phase transformers
can be reduced when compared with traditional three-phase
multilevel inverters.
2. CIRCUIT DIAGRAM OF THE PROPOSED
CASCADED H-BRIDGE THREE PHASE
MULTILEVEL INVERTER

Fig.1. shows the circuit configuration of the proposed
multilevel inverter for three-phase applications. The
proposed multilevel inverter is designed to synthesize 7
output levels. It consists of single dc source and series
connected three-phase transformers. To produce single
phase “(2m+1)” output levels, “m” number of H-Bridges

has to be used. So to produce single phase 7 output levels,
three H-Bridges has to be used. So to produce three phase 7
output levels, nine H- Bridges are used. The nine H-
Bridges are R1,

Y1, B1, R2, Y2, B2, R3, Y3 and B3 as shown in the circuit
diagram of fig.1.
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Fig.i. Circuit diagram of proposed H-Bridge cascaded three phase
multilevel inverter.

In traditional multilevel inverters single phase transformers
are used which increases the volume of the circuit and
price of the system. In the proposed model, three phase
transformers are used which reduces the volume of the

IJREE - International Journal of Research in Electrical Engineering

Volume: 04 Issue: 02 2017

www.researchscript.com 14



%I:BE.;_\%I:F(\IVH SCRIPT

circuit and price of the system. Each primary terminal of
the transformer is connected to an H-bridge module so as

to synthesize Vpc, zero, and —Vpc. Every secondary of the

transformer is connected in series to cascade the output

voltage produced by inverter H-Bridges so as to obtain

multilevel output voltage.
3. OPERATION OF THE CIRCUIT FOR R-PHASE
A. To produce positive half cycle of R-phase

H-Bridges R1, R2, R3 shown in the fig.1, produces the

seven level output voltages of R-phase. Similarly H-Bridges
Y1, Y2, Y3 and B1, B2, B3 produces the seven level output
voltages of Y-phase and B-phase respectively. Operation of
the circuit is discussed for R-phase. The seven level output
voltage of R-phase is shown in fig.2
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Fig.2. Seven level output voltage of R-phase

There are 5 modes of operation to produce positive half
cycle of R-phase. The 5 modes of operation are tabulated in
tablel.

TABLE 1. MODES OF OPERATION TO PRODUCE POSITIVE
HALF CYCLE OF R-PHASE

MODE ANGLE SWITCHES | OUTPUT
VOLTAGE
1 0to 15 NIL 0
2 15to 165 1,4 V1
3 4510 135 13,16 V1+Vv4
4 75 to 105 25,28 V1+V4 +V7
5 165 to 180 NIL 0

1) Mode 1: No switches conduct from 0 to 15 degrees. The
output voltage is 0.

2) Mode2: Switches 1, 4 of H-Bridge R1 conduct from 15
to 165 degrees. The output voltage produced is V1.
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Fig.3.Circuit of Mode.2 operation
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3) Mode3: Switches 13, 16 of H-Bridge R2 conduct from
45 to 135 degrees. The output voltage produced is V4. The
cascaded output voltage is Vi+Va.
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Fig.4.Circuit of Mode3 operation

4) Mode4: Switches 25, 28 of H-Bridge R3 conduct from 75
to 105 degrees. The output voltage produced is V7. The
cascaded output voltage is Vi+Va+ V7.
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Fig.5.Circuit of Mode4 operation

5) Mode5: No switches conduct from 165 to 180 degrees.
The output voltage is 0.

Operation of Y-phase and B-phase is similar to R-phase with
the phase shift of 120 degrees with each other.

4. SWITCHING PATTERN FOR GATE PULSES

Switches1&4 of H-Bridge R1 is switched ON in mode2.
The gate pulses for switches 1&4 are given for the period
from 15 to 165 degrees. The pulse width for switches 1&4 is
calculated as,

62-01
Pulse width = x 100% (D)
5-15
Pulse width = ~2>—2> x 100% @)
Pulse width = 40% (3)

Fig.6. Gate pulses for switches1&4.
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5. CALCULATION OF OUTPUT PHASE VOLTAGES

V1,Vs, &V7 are the output voltages of the H-bridge
inverter R1,R2 and R3 respectively. V2,Vs,&Vs are the output
voltages of the H-bridge inverter Y1, Y2 and Y3 respectively.
V3,Ve,&Vs are the output voltages of the H-bridge inverter
B1, B2 and B3 respectively. Cascaded output voltage is
synthesized by the series connected secondary of the
transformer outputs. Hence the output phase voltages are
given by,

Vrn = Vi+VatV7 4)
VN = Va+Vs+Vs (5)
Ven = V3+Vet+Vo (6)

6. SIMULATION AND EXPERIMENTAL RESULTS

A. DC Input Voltage

Fig.7. DC Input voltage
B. R-Phase output Voltage with RL Load

Fig.8.R-phase output voltage
C. Y-Phase output Voltage with RL load

Fig.9. Y-phase output voltage
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D. B-Phase output voltage with RL load

Fig.10. B-phase output voltage

Fig.8. to Fig.10 shows the simulation output waveforms for
proposed seven level H-Bridge cascaded three phase
multilevel inverter. When single DC source is applied, it
has produced seven level three phase outputs such as +Vdc,
+2Vdc, +3Vdc, 0, -Vdc, -2Vvdc and -3Vdc. Single DC
source of 200V is applied as input to the inverter. The
seven level three phase outputs are produced as +200V,
+400V, +600V, 0, -200V, -400V and -600V as shown in
waveforms for three phase RL load.

7. CONCLUSION

This paper proposed an H-Bridge cascaded three phase
multilevel inverter which uses three-phase transformers
and single dc source. The proposed circuit configuration
can reduce a number of transformers compared with
conventional three-phase multilevel inverters using single-
phase transformers. The proposed circuit configuration can
also use a general switching method whose operating
frequency is equal to that of the fundamental.
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