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Abstract

A single-phase to three-phase power conversion system with parallel rectifier and series inverter to cope with single-phase to three-
phase asymmetry is presented in this paper. This converter guarantees reduction in the input current drawn by rectifier circuit and
reduction of the output voltage given by the inverter circuit. In spite of this topology it is not observed on the technical literature,
in this paper at the proposed converter with modulation strategy, and comparison with the conventional configuration is studied .1t
gives Simulated and experimental results of the designed converter.
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I. INTRODUCTION

In earlier days single-phase to three-phase conversion were made possible by with passive elements in connection with
autotransformer converters [1]-[3]. These system presents well-known disadvantages and limitations [3]. Power electronics in
those days with silicon power diodes and thyristors was just in developing phase. As represented in [4], power electronics were
gas tube and glass-bulb electronics, were known as industrial electronics, and the silicon-controlled rectifiers came in the market
in early 1960s.The solid state power electronics, semiconductor devices were the major technology installed in the power
processors [5]. The semiconductor devices in the former controlled rectifiers [6] and comparing them with the new technologies
[7], it is possible to figure out the development. Improvement related to power switches, was identified in terms of the circuit
topology inventions in the field of three-phase to three-phase, single-phase to single-phase, and three-phase to single-phase
conversion systems [8].Today three phase supply is essential for many industrial applications and hence it is increasing day by
day. Three phase supply is used in industrial, domestic, commercial and in many other fields.

In rural areas, the transmission of three phase supply is costly and due to high cost of distribution equipment’s only single
phase supply is available to people. This single phase supply which is available needs to be converted into three phase supply for
the agriculture purpose, for small shops, industries which requires three phase supply for running three phase loads.

So keeping this into mind a single phase to three phase converter is designed to run most of the three phase loads used in
agriculture and small scale industries in rural areas. Without using SP-TP converter, when one of the three phase supply system
fails there is a need to go for single phase to three phase conversion. Conversion can be carried out using capacitor splitting method.
The capacitor is connected between one of the working phases and the failed phase. It gives a 90 degree phase shift between the
two phases. The torque obtained is not so uniform. The motor runs at 70 degree of its rated capacity. Hence the above method is
not considered and so static method of single phase to three phase conversion is used.

Also the conversion of single phase to three phase is carried out by rotary converters wherein the transformer is used
along with the three phase motor set. The size of the converter is large, also it is not portable as it is heavy, also there are losses
due to transformer, also it is costly, etc. Hence a compact, portable, and cost effective method of conversion is required. This is
achieved from this project.

Electric power is generated, distributed and used as sinusoidal voltages and currents in a great variety of commercial and
domestic applications.

Furthermore, in the industrial world a vast number of small, medium, or large sizes as power generators and loads are
interlinked. Therefore, the design, operation, maintenance, and management of such systems very much depend on a good
understanding of a circuit theory.

A phase converter is a device that converts electric power provided as phase to multiple phase or vice versa. The majority
of phase converters are used to produce three-phase electric power from a single-phase source, thus allowing the operation of three-
phase equipment at a site that only has single-phase electrical service. Phase converters are used where three-phase service is not
available from the utility, or is too costly to install due to a remote location. A utility will generally charge a higher fee for a three-
phase service because of the extra equipment for transformers and metering and the extra transmission wire.
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Il. PROPOSED SYSTEM

A. Topology
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Fig. 1: Circuit Diagram of Proposed Model

The above two model were proposed for Single Phase to Three Phase Conversion.i.e. Figure 1 (a) & Figure 1 (b).

In the power distribution systems, the single-phase grid has been considered as an alternative for rural or remote areas,
due to its lower cost feature, especially when compared with the three-phase solution. In huge undeveloped countries the single-
phase grid is quite common due to the large area to be covered. On the other hand, loads connected in a three-phase arrangement
presents some advantages when compared to single-phase loads. This is especially true in three-phase motor systems with variable-
speed drives due to their constant torque characteristics.

In this scenario, there is a need for single-phase to three-phase power conversion systems. The direct solutions for the
single-phase to three-phase power converters are presented in Fig. (a)& Fig (b).

In Figure (b) single-phase to three-phase power conversion, all variables (e.g., input power factor and dc-link voltage) at
input—output converter sides can be controlled.

On the other hand, the configuration presented in Fig. (a) Represents a cheaper solution but without any control of the
input current and dc-link voltage, as observed in Fig. (a).

A single-phase to three-phase power conversion has inherent asymmetry, i.e., constant power at the output-converter side
(three-phase load) and pulsating power at the input-converter side (single-phase grid).
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The direct consequence of this asymmetry is the low frequency voltage oscillation observed in the dc-link capacitors, as
well as the power switches of the rectifier and inverter operate with different voltage and current ratings.

This project focuses on the study design and implementation of a complete prototype of a low powered, portable and cost
effective single phase to three phase converter. The objective of this project is to supply three phase resistive/inductive load from
a single phase AC mains.

The designed system consists of an AC-DC converter i.e. an uncontrolled bridge rectifier, DC-AC converter i.e. three
phase inverter made up of three half-bridge inverter arms and finally the test load i.e. three phase resistive load/ 1 HP three phase
motor .

High frequency pulse width modulated (PWM) pulses are generated by a microcontroller and provided to the switches of
three phase inverter. The output of three phase inverter is 415V, 50Hz PWM sine wave which is later conditioned to a pure sine
wave by a filter. Finally the output is connected to the test load.

111.MATLAB/SIMULINK MODEL

lstrete
Ts=31es I
Do i o
qu ' H I Whﬂﬂmﬂm :
ik L:J Load
Dinde ”
i (A1
—
(G3T nverer
<Rotr wrent 3 Al
La
r Ay
) I—DI ] : =5 <Honrspm1[wm}? —bl
—— (4  ———
ohage Messurementh o N o
i mammew I
ThreePhase ;
, Cage Indui
UniverzlBrcge - Hlesrener ; ,im ’
J_m } 4 i
—H N
—I1-d|j1 |
Puke N
Generaty T
Line Vahages
Rectfir Boost Converter ~~ Inverter .
—
Lie Current and O ik Volge

Fig. 2: Simulink Model of Single Phase to Three Phase Converter
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A. Simulink Results

1) DC Link Voltage and Line Current
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Fig. 3: DC Link Voltage & Output Currents
2) Three Phase Output Line Voltage
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Fig. 4: Output Line Voltage
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A. Design for 5kW load
Design:

IVV. DESIGN CALCULATIONS

SP-TP converter for three phase load of 5kW. The design for selection of load is given as follows:

For 5000 watts star connected load:
Line -Line voltage as 415V
P = 5000W

1) Phase Voltage (Ven)

Vpn= 235V

2) Power per Phase (P1)
P

5000
Py =222

3
P1=1666.66W

3) Phase Current (Ipn)
P1 _ 1666.66_

= 12A

“vph 235

Iph

4) Load Resistance per Phase (RL)
__VPh

L= Iph

B. Design of Rectifier

The design for selection of bridge rectifier (AC to DC Converter) with capacitor filter is given as follows:

Design:

For 5000 watts star connected load
Per Phase Resistance Rpn=20Q
DC Voltage Required Vgc= 200v

1) Equivalent Resistance Req (Q)

R1. R2
e = +R3
R1+R2

20% 20
= 20220, 5ay
€47 20420

Req = 3OQ

2) Load Current (Iqc)

ly.= vdc
dc _Rl
| 200
dc 20

loc= 10A

3) Capacitance@ r=10% (uF)
1

= 4./3.f.RLT
- r
C= 44/3.50.20.01
C = 1000pF

4) Ripple Percentage @ 470uF (%)
1

r=——m—
4./3.f.RL.C
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r=

1

4.4/3.50.366.1000. 10~¢

r=8.67%

5) Peak Voltage Vi (V)
V= Vg + |dc[4 ; <

_ 1

V=200 + 10[4.50. 1000. 10—6]
V= 250V

6) Voltage Rating of Diode PIV (V)
PIV=Vm
PIV = 250V
C. Design of Boost Converter

Input voltage = Vin =200V dc
Output voltage = Vo =415V ac
Vo/Vin = [1/(1-D)]
415/200=[1/(1-D)]

D=

55%

L =[Vin*(Vout - Vin)] = 100mH

Delta IL *Fs *Vo

C =[lout * D]=1000uF
[Fs * delta Vo]

D.

Design of Three Phase Inverter

Input Voltage =V dc =400 V dc

Output Voltage =V ac =415V ac

Amplitude Modulation = ma = [(1.414*415)/(3*200)] = 0.96
Frequency Modulation = mf = [Switching frequency/Grid frequency]

=5000/50 = 100

V. CONCLUSION

It is seen that single phase to three phase converter was designed in SIMULINK For 5kW load and 4 kW Squirrel Cage Induction
Motor was connected as load. Output voltage of Three Phase Inverter is 415V (AC), 50Hz .3-Phase. DC Link Voltage simulation
result is 400V DC.

In this paper was proposed a single-phase to three-phase power conversion system with parallel rectifier and series inverter

to cope with single-phase to three-phase asymmetry. Such converter guarantees both reduction in the input current processed by
the rectifier circuit (due to the parallel connection) and reduction of the output voltage processed by each inverter (due to the series
connection). In spite of proposing a topology with features not yet observed in the technical literature, this paper presented a
comprehensive model of the proposed converter, modulation strategy, and a general comparison with the conventional
configuration.
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