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Abstract: 

Single Phase induction motors are widely accepted motor due to their energy efficient characteristics. To drive varying mechanical 

loads for long duty the machine needs to be controlled to increase its efficiency and minimize transient. To control the output 

parameters of the motor i.e., Speed and Electromagnetic torque the fixed frequency of the system is varied for which a 

Cycloconverter is employed along with PWM technique to increase the system efficiency. The Cycloconverter is built on with 

IGBT due to its improved dynamic performance and efficiency and reduction in the level of audible noise. Low driving power and a 

simple drive circuit due to the input MOS gate structure. It can be easily controlled as compared to current controlled devices 

(Thyristor, BJT) in high voltage and high current applications. With the help of PWM the output voltage control can be obtained 

without addition of any external components and PWM minimizes the lower order harmonics, while the higher order harmonics can 

be eliminated using a filter 
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I. INTRODUCTION 

 

Analysis of induction motors controlled with Cycloconverter has been investigated extensively .The single phase induction motor in 

its simplest form is structurally the same as a poly phase induction motor having a squirrel cage rotor, the only difference is that the 

split phase induction motor has single winding on the stator. The split phase induction motor is the most commonly used motor in 

the utility network which produces mmf stationary in space but alternating in time, a polyphase stator winding carrying balanced 

currents produces mmf rotating in space around the air gap and constant in time with respect to an observer moving with the mmf 

Split phase induction motors are usually built with small power, they are widely used in domestic and commercial applications. This 

paper shown a speed control scheme for a split phase induction motor fed with Cycloconverter. Cycloconverter are used in very 

large variable frequency drives with ratings from few megawatts up to many tens of megawatts.. A single-phase input 

Cycloconverter is shown in Fig.1, single-phase input to single-phase output Cycloconverter is shown in Fig.4, the simplest 

Cycloconverter circuit..The single phase induction motor in its simplest form is structurally the same as a poly phase induction 

motor having a squirrel cage rotor, the only difference is that the split phase induction motor has single winding on the stator. The 

split phase induction motor is the most commonly used motor in the utility network. which produces mmf stationary in space but 

alternating in time, a polyphase stator winding carrying balanced currents produces mmf rotating in space around the air gap and 

constant in time with respect to an observer moving with the mmf. Split phase induction motors are usually built with small power, 

they are widely used in domestic and commercial applications. IGBT have the advantage for high speed, high power switching for 

building PWM controlled Cycloconverter. Section II gives you overview of the IGBT built Cycloconverter with its features and 

basic operation. Section III deals with modeling of Split phase induction motor where the speed and torque equation are 

mathematically derived. Section IV deals with PWM generator how a PWM pulse is generated and useful. Section V deals with the 

desired simulation result for pwm controlled Cycloconverter. Section VI deals with future application and scope and section VII is 

conclusion. 

 

II. CONCEPT OF CYCLOCONVERTER MODEL 

 

The Cycloconverter model is constructed. To begin, all of the input voltages are constructed using sinusoids as the input.  Rather 

than producing the line voltages in addition to the phase output voltages, the phase voltages has shifted forward 30 degrees to 

produce the timing waveforms as in Fig. 5.1.  The reference waveform is then added, and the timing waveforms are transformed into 

those in Fig. 5.2.  At this point the construction of the output waveforms begins; Boolean variables contain the information of which 
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IGBT in each of the converters has most recently switched on.  That IGBT remains on until the firing waveforms crosses the zero 

boundaries at either a positive or negative edge, which fires the next IGBT, automatically turning another of the switches off 

according to the switching pattern.  Again, this IGBT remains on until two more IGBTs have been triggered.  As each IGBT directly 

corresponds to one of the phase voltage waveforms, these waveforms are simply translated directly to the output while their 

corresponding IGBT is on.  This produces exactly the “cut and paste” type of waveform that is produced at the outputs of each of 

the positive and negative converters in the case of a real Cycloconverter.  Lastly, these waveforms are averaged, an effect that 

happens because of the inter-group reactor separating them.  The inductance acts to sum the integrals of the voltage together, acting 

in effect as an averaging device. 
 

IGBT Fundamentals:- 

The Insulated Gate Bipolar Transistor (IGBT) is a minority-carrier device with high input impedance and large bipolar current-

carrying capability. Many designers view IGBT as a device with MOS input characteristics and bipolar output characteristic that is a 

voltage-controlled bipolar device. To make use of the advantages of both Power MOSFET and BJT, the IGBT has been introduced. 

It’s a functional integration of Power MOSFET and BJT devices in monolithic form. It combines the best attributes of both to 

achieve optimal device characteristics. 

The IGBT is suitable for many applications in power electronics, especially in Pulse Width Modulated (PWM) servo and three-

phase drives requiring high dynamic range control and low noise. It also can be used in Uninterruptible Power Supplies (UPS), 

Switched-Mode Power Supplies (SMPS), and other power circuits requiring high switch repetition rates. IGBT improves dynamic 

performance and efficiency and reduced the level of audible noise. It is equally suitable in resonant-mode converter circuits. 

Optimized IGBT is available for both low conduction loss and low switching loss.  

 

The main advantages of IGBT over a Power MOSFET and a BJT are: 

1. It has a very low on-state voltage drop due to conductivity modulation and has superior on-state current density. So smaller chip 

size is possible and the cost can be reduced. 

2. Low driving power and a simple drive circuit due to the input MOS gate structure. It can be easily controlled as compared to 

current controlled devices (Thyristor, BJT) in high voltage and high current applications. 

3. Wide SOA. It has superior current conduction capability compared with the bipolar transistor. It also has excellent forward and 

reverse blocking capabilities. The IGBT is suitable for scaling up the blocking voltage capability. 

 

The main drawbacks are: 

1. Switching speed is inferior to that of a Power MOSFET and superior to that of a BJT. The collector current tailing due to the 

minority carrier causes the turnoff speed to be slow.  

2. There is a possibility of latch up due to the internal PNPN thyristor structure. 
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Input voltage of Single-phase to single-phase Cycloconverter waveform 

 

 
Output voltage for zero firing angle of Single-phase to single-phase 

Cycloconverter waveform 

 

In this dissertation work Cycloconverter & split phase induction motor has been studied. The Cycloconverter is to increase the 

efficiency & performance of the system. The objective of dissertation is to analysis and design of a Cycloconverter fed different 

types of motor. Cycloconverter examine currently used controlling of speed which focuses on monitoring the specific changes in   

rotor Speed. In the present work the study has been carried out on the main & aux. currents, electromagnetic torque, for split phase 

induction motor controlling of speed. Which is primarily based on the generation of virtual data through a  simulation  program,  

which  allows  the  change  in  split phase induction motor performance  due  to  the  changes  of  parameters  as  a  effect  of  the  

different  loads.  The diagnosis of a different speed always commences with the basic physical understanding of the work.  In order  

to this  phase,  the  knowledge  of  the  well-tested  models  allowing  the simulation of the different controlling  condition, which is 

fundamental prime requirement for obtaining the pattern classification. One  of  the  aims  of  this  work  is  to  study  the  indicators  

of   Cycloconverter by speed control of split phase induction  motor. 
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III MODELING OF SPLIT PHASE INDUCTION MOTOR 

 

 Split phase induction motors are usually constructed with two windings on the stator side and squirrel cage winding in the rotor 

side. The auxiliary winding is used to produce a rotating field to start the motor. The axis of the auxiliary winding is placed 90 

electrical ahead of the main winding as shown in Fig.4. The lively simulation of the motor is presented in the stationary d-q frame to 

facilitate the application of the inverter and, later on, the feedback regulators. Since the axis of the main and auxiliary windings are 

already orthogonal, the stationary d-q axes are chosen aligned with the orthogonal axes of the physical windings. The squirrel cage 

rotor is represented by equivalent two coils transformed to the stationary d-q axis as shown in FIGURE 

 

 
 

d-q Transformation of the Split Phase Induction Motor 

 
 

Torque Speed Characteristic Split phase induction motor 

 

Since the two stator windings; namely the main and auxiliary coils, have different number of turns, they will yield different mutual 

reactance. Therefore, a transformation is made to transfer the auxiliary winding to an equivalent winding with the same number of 

turns as that of the main coil. The new variables referred to the equivalent coil are given as follows: 

 
The voltage equation of the motor can be written in the d-q stationary frame as follows: 

  
 

The equations of motion are given by:  
 

  

 

where are the stator and rotor voltages are the stator and rotor currents  are the stator 

and rotor flux linkages  are the stator and rotor resistances are the stator and rotor 

inductances  are the magnetizing inductances, r is the electrical rotor angular speed,  is the electromagnetic torque,  

is the load torque, J is the rotor moment of inertia, is the differential operator and a is the main per auxiliary winding turns ratio. 
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IV PWM GENERATOR 

 

Generate pulses for carrier-based two-level pulse width modulator (PWM) in Converter Bridge. The pulses are generated by 

comparing a triangular carrier waveform to a reference modulating signal. The modulating signals can be generated by the PWM 

generator itself, or they can be a vector of external signals connected at the input of the block. One reference signal is needed to 

generate the pulses for a single- or a two-arm bridge, and three reference signals are needed to generate the pulses for a three-phase, 

single or double bridge. The PWM drive draws almost unity power factor current from the supply and is maintained at constant 

level at all motor speeds. SPWM (Sinusoidal Pulse Width Modulation) technique is used The fundamental magnitude of the output 

voltage from a Cycloconverter can be controlled to be constant by exercising control within the Cycloconverter itself that is no 

external control circuitry is required. The most efficient method of doing this is by Pulse Width Modulation (PWM) control used 

within the Cycloconverter. In this scheme the Cycloconverter is fed by a fixed input voltage and a controlled ac voltage is obtained 

by adjusting the on and the off periods of the Cycloconverter components. The advantages of the PWM control scheme are [10]:  

a) The output voltage control can be obtained without addition of any external components.  

b) PWM minimizes the lower order harmonics, while the higher order harmonics can be eliminated using a filter.  

The disadvantage possessed by this scheme is that the switching devices used in the Cycloconverter are expensive as they must 

possess low turn on and turn off times, nevertheless PWM operated are very popular in all industrial equipments. PWM techniques 

are characterized by constant amplitude pulses with different duty cycles for each period. The width of these pulses are modulated to 

obtain Cycloconverter output voltage control and to reduce its harmonic content. There are different PWM techniques which 

essentially differ in the harmonic content of their respective output voltages, thus the choice of a particular PWM technique depends 

on the permissible harmonic content in the Cycloconverter output voltage. 

 

V. SIMULATION RESULT 

 

Simulink model is shown in Fig. 1&2. The objective of this paper is to analyze the speed of induction motor performance. The stator 

of a split phase induction motor has two windings, the main winding and auxiliary winding. Since, the d-q axis model of an 

induction motor is only valid for sinusoidal input voltage, the Cycloconverter voltage output must be decomposed into its 

fundamental. Fig. (3-14) shows output phase voltages and currents for input frequency is 2,3 4 times the output frequency of the 1-

phase Cycloconverter. 
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Fig-1   1-phase to 1-phase Cycloconverter with PWM Control 
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Fig 2 PWM controlled Cycloconverter fed split phase induction motor 
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Fig 3 (a) Source Voltage (b) Output Voltage (c) Output current Waveform 

of Single Phase to Single Phase Cycloconverter When Input Frequency is 

Two Times Output Frequency 

 

 
Fig 4(a) Main Winding Current  (b) Auxiliary Winding  Current  

Waveform of   Single Phase Induction Motor, When Input Frequency to the 

Cycloconverter is Two Times Output Frequency 

 

 
Fig 5 (a) Rotor Speed (b) Load and Electromagnetic Torque Waveform of   

Single Phase Induction Motor, When Input Frequency to the 

Cycloconverter is Two Times Output Frequency 

 

 
Fig 6 (a) Source Voltage (b) Output Voltage (c) Output current Waveform 

of Single Phase to Single Phase Cycloconverter When Input Frequency is 

Three Times Output Frequency 

 
Fig 7(a) Main Winding Current  (b) Auxiliary Winding  Current  

Waveform of   Single Phase Induction Motor, When Input Frequency to the 

Cycloconverter is Three Times Output Frequency 

 

 
Fig 8 (a) Rotor Speed (b) Load and Electromagnetic Torque Waveform of   

Single Phase Induction Motor, When Input Frequency to the 

Cycloconverter is Thee Times Output Frequency 

 

 
Fig 9 (a) Source Voltage (b) Output Voltage (c) Output current Waveform 

of Single Phase to Single Phase Cycloconverter When Input Frequency is 

Four Times Output Frequency 

 

 

 
Fig 10(a) Main Winding Current  (b) Auxiliary Winding  Current  

Waveform of   Single Phase Induction Motor, When Input Frequency to the 

Cycloconverter is Four Times Output Frequency. 
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Fig 11 (a) Rotor Speed (b) Load and Electromagnetic Torque Waveform of   

Single Phase Induction Motor, When Input Frequency to the 

Cycloconverter is Four Times Output Frequency. 

 

 
Fig 12 (a) Source Voltage (b) Output Voltage (c) Output current Waveform 

of Single Phase to Single Phase Cycloconverter When Input Frequency is 

Five Times Output Frequency 

 
Fig 13 (a) Main Winding Current  (b) Auxiliary Winding  Current  

Waveform of   Single Phase Induction Motor, When Input Frequency to the 

Cycloconverter is Five Times Output Frequency. 

 

 
Fig 14  (a) Rotor Speed (b) Load and Electromagnetic Torque Waveform of   

Single Phase Induction Motor, When Input Frequency to the 

Cycloconverter is  five Times Output Frequency. 

 

shows output phase voltages and currents for input frequency is 3 times the output frequency of the 1-phase Cycloconverter. From 

control standpoint, the proposed Cycloconverter simulation result shown in Figure. In order to get a better understanding of the 

control system and to verify the control techniques described by researcher in previous research paper [2], a Simulink model was 

developed as shown in Figure 6. The simulation starts with the 50 Hz reference sine wave is generated. 

From the above discussion and form the waveform shown in fig following point may be noted. The average output voltage 

waveform is far from sinusoidal since the firing angle is held constant .The current waveform not repeated after every cycle Fig.8. 

Some circulating current is allowed to flow from the positive converter to the negative converter. In this case a circulating current 

limit in reactor is connected between the positive and negative converter. In order to obtain reasonably good sinusoidal or square 

output voltage waveform using line commutated two quadrant converter and eliminating the possibility of short circuit of the supply 

voltage, the output frequency is limited to a value much lower than supply frequency. 

 

VI. FUTURE APPLICATIONS OF CYCLOCONVERTER 

 

Many of the problems with employing Cycloconverter in real power applications result directly because of the problems with sub 

harmonics. If generators for the Cycloconverter or the Cycloconverter loads are not robust enough to deal with imperfect power 

quality, the Cycloconverter is forced into very strict operating conditions.  Output frequency must be limited in order to contain 

harmonics within a filterable spectrum. However, these limitations are all based on the assumption that the input power for the 

Cycloconverter is coming from a standard generator. Current technology has been able to expand the possible usage of 

Cycloconverter away from these limiting assumptions. The recent increase in distributed power generation has led a flurry of 

research on micro turbines. Micro turbines are an integration of gas combustion engines and electric generators, which produces an 

output power on the order of hundreds of kilowatts at tens of kilohertz. This is an extreme jump from diesel generators, which often 

produce power at 60 Hz. However solid state switching limitations are quickly lifting with the incorporation of new device 

technologies and micro turbine research continues to produce varied mode ls. It is very possible that there will soon be a possible 

combination of higher frequency generators and Cycloconverter. The other technology that has restricted the development of the 

Cycloconverter to slow operating machinery is the limited switching speeds of most present day power electronic switches.  

However, with better switching technology such as higher speed thyristors or new high power integrated gate bipolar transistors 

Cycloconverter could be used with these high frequency generators.  This would effectively eliminate output-to-input ratio issues 

including the unfilterable sub harmonics and inter harmonics contained in both outputs and inputs. 
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VII.CONCLUSION 

 

The PWM controlled Cycloconverter circuits is designed and simulated and desired results are obtained. Single phase 

Cycloconverter used for Single phase motor to generate supply torque characteristics that matches with demand torque 

characteristics of particular machine by the use of designing Cycloconverter different desired frequency are obtained to equalize the 

torque demand of machine. This different frequency of Cycloconverter is also useful to replace flywheel from the operating machine 

which reduces the cause of torsional vibration and fatigue damage of machine. The paper proposed a feedback control scheme of 

Cycloconverter fed split phase induction motor. Furthermore, it provides means for limiting the slip and consequently the motor 

current. This means a reduction in the Cycloconverter rating and better efficiency. This contribution will report on the results 

obtained using matlab for single phase Cycloconverter coupled to an induction motor. 
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