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Abstract— Due to supply of abrupt voltage at start the motor 

may gets damaged and many times the winding gets burnt. 

An induction motor during the initial starting condition draws 

up much higher current than its capacity and the motor 

instantly reaches the full speed. This results in a mechanical 

jerk and high electrical stress on the winding of the motor In 

this project we intend to present a single phase induction 

motor with a smooth start. By using SCRs and other 

components such as op-amp, the speed of motor picks up 

gradually up to maximum. The motor and the two anti-

parallel SCR are connected in series. The SCR receive a 

delayed firing angle due to delayed pulses received from the 

operational amplifier. The operational amplifier develops a 

saw-tooth voltage by comparing the zero voltage pulse. The 

saw-tooth voltage is further compared with the varying 

voltage produced by the charging and discharging of the 

capacitor. Henceforth, producing a delayed pulse and feeding 

it to the SCR as delayed pulse for firing angle. 
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I. INTRODUCTION 

Induction motors work on the principle of electromagnetic 

induction. A single phase induction motor has same 

construction as that of a three phase induction motor[1-5]. 

Both have ac supply winding in their stator and other winding 

in the rotor. The difference is that one is supplied with single 

phase ac and the other one with three phase ac. The stator 

winding produce a pulsating flux in the air gap linking with 

the rotor winding. The rotor also produces a field of flux 

which opposes the flux by the stator and therefore, no torque. 

In order to produce a torque, there has to be a rotating field 

instead of a pulsating field. Different approaches are made to 

supply a rotating magnetic field such as applying a two phase 

to the motor. Single phase motors are used in various 

applications such small toys, compressors, fans etc[6-10]. 

The single-phase induction motor is not started by itself. We 

require a starter for starting the motor. When the motor is 

connected to a single-phase A.C power supply, the main 

winding carries an alternating current. Single-phase induction 

motors have types according to the way of their starting. 

There are many advantages to use single-phase motors[11-

14]. Single-phase induction motors are less expensive to 

manufacture than the other types of motors. These motors are 

simple in their construction. Single-phase motors will last for 

years as well, and usually, most failures from single-phase 

motors are a result of an inappropriate application rather than 

a manufacturing defect from the motor itself. Single phase 

induction motors require very little maintenance, don't often 

require repairs[15-16]. 

 

II. OBJECTIVES 

The main objectives of the study: 

1) Reducing starting voltage through delayed triggering 

angle control of SCR. 

2) Eliminating high inrush current and high mechanical 

torque on startup 

3) Reducing stress on couplings and other transmission 

devices (gear boxes, shafts, belts, etc)  

III. METHODOLOGY 

Following steps have been used to achieve the goals 

1) Step 1: Connect two SCR in anti-parallel manner and 

connect them to the supply. 

2) Step 2: The supply main is connected to the bridge 

rectifier through a step down transformer. 

3) Step 3: The DC voltage from the bridge rectifier is 

filtered with a capacitor and connects to the voltage 

regulator. 

4) Step 4: The op-amp compares the zero voltage pulses to 

produce a saw tooth signal. 

5) Step 5: The saw tooth signal is further compared with the 

varying voltage to produced a delayed signal. 

6) Step 6: The delayed signal is fed as the gain signal to the 

SCR. 

7) Step 7: The single phase motor connects in series with 

the SC 

A. Facilities Required For Proposed Work: 

The following components have been used.Table 1 gives the 

specification of the major components. 

1) Hardware components 

Single-phase induction motor, ac supply, transformer, 

capacitor, SCR, op-amp, opto-isolator, diodes, resistor, 

voltage regulator 

2) Software components 

Matlab Simulink 

S.No Item 
Amount 

required 
rating 

1 
Single-phase 

induction motor 
1 

0.25 hp, 230 

V, 0.7-0.9 A 

2 Comparator 1 LM324 

3 Voltage regulator 1 78H12A 

4 Power supply AC  230V 

Table 1: Specification of major Components 

B. Procedure of Developed Model 

 Following steps have been used 

 Two thyristor circuits are connected in anti-parallel to 

each other and further in series to the single-phase 

induction motor to supply power[17-18]. 

 The firing angle received by the thyristor is delayed by 

the operational-amplifier circuit in comparator mode 
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represented by the connections of repeating sequence 

signal, constants and the PI controller to produce a 

triggering signal[19-20]. 

 The single-phase induction motor is supplied from the 

thyristor and the applied reduced voltage cause a smooth 

start of the induction motor as shown in figure 1. 

 
Fig. 1: Circuit Model 

IV. RESULT AND DISCUSSION 

The thyristors in series control the current applied and 

therefore voltage. Due to to slow triggering at initial states 

and later on increase in triggering pulse, the thyristor causes 

voltage applied to gradually increase and further same 

happens to the speed of the motor. Low current is applied 

initially to the winding and increased when the winding is 

ready to with stand high currents. As in figure 8, the graph in 

yellow from a matlab simulation shows how the speed 

gradually increases in the first moments of turning on power 

to the induction motor. 

 
Fig. 2: Torque output 

V. CONCLUSION AND FUTURE SCOPE OF WORK 

By employing the use of delayed firing angle method of two 

anti-parallel SCR we accomplish a smooth start of a single-

phase induction motor. This protects the motor from the 

inrush start current and therefore reduces stress on the motor. 

Further the project can be enhanced by using six SCRs, two 

connect in back to back for each phase. 
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