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Abstract— This project deals with the thyristorised soft 

starting of 3 phase Induction Motor.  Three phase induction 

motors of ratings beyond 50KW when started directly from 

a 3 phase supply draws 3 to 5 times the rated current and 

starting torque can be 2 times larger than in the normal 

operation. These high starting current will cause overheating 

of the windings and a large voltage drop and influence the 

normal operation of the motor when connected to the main 

power supply. Large starting torque pulsations may cause 

severe mechanical stress on the shaft of the motor and the 

load.  So it is necessary to control motor starting current 

value. Solid state starters or Soft Starters are designed to 

control such starting current of the motor. Soft starter is 

done by connecting SCR s in antiparallel in each phase. The 

voltage to the stator terminals can be controlled by varying 

the conduction period of thyristors. The high starting current 

can be considerably reduced by soft start, thereby the 

electrical and mechanical stress on the motor can be 

minimized. Energy saving during starting can also be 

achieved and hence losses can also be minimized. The soft 

starter is developed for 3 Phase, 440V, 50Hz 1HP induction 

motor and is tested in laboratory. The starting current of the 

induction motor with and without soft starter are observed 

and tabulated. It is observed that the starting high inrush 

current is reduced to 30 to 50% of its rated value thus 

minimizing the starting torque pulsations and increasing the 

life of the motor. 
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I. INTRODUCTION 

Induction motors are the workhorse of the industries and 

manufacturing processes due to robustness, low cost and less 

maintenance. Induction motors have high efficiency when 

operated to its rated speed and torque. The three phase 

induction motors are self-starters, but the high inrush currents 

and torque pulsations during starting makes the three phase 

induction motor necessary to use the starters. The starting 

methods of three phase induction motors include direct online 

starting, electromechanical reduced voltage starting and solid 

state reduced voltage starting. 

Direct on line starter is the cheapest way of starting 

an induction motor. DOL starter has many disadvantages, 

since it is characterized by high inrush currents and high 

starting torque pulsations. In certain applications these torque 

pulsations may result in belt slipage, mechanical wear and tear 

in the motor bearings and to the load connected to the motor 

shaft. Also the frequent direct on line starting of the motor 

causes significant electrical and thermal stresses on the 

winding components and insulation, mechanical stress on the 

motor cages, shafts and the load couplings. Electromechanical 

reduced voltage starting consists of autotransformer starting, 

resistance starting, and star-delta starting. These methods have 

drawbacks such that they need frequent inspection, 

maintenance, non simultaneous switching of motor phases to 

the supply and failures in the moving parts. 

Reduced voltage starters or soft starters use power 

semiconductor devices and are being extensively used to 

replace electromechanical starters and other conventional 

reduced voltage starters. The soft starters have soft controlled 

starting capability with limited starting current and torque 

pulsations. Soft-Starters are solid state static starters that 

accelerate, decelerate and protect three-phase induction 

motors. Soft starters allow the machine to start, vary its speed 

and stop with minimum mechanical and electrical stresses on 

the equipment. This can be done by properly adjusting the 

voltage applied to the induction motor, by means of adjusting 

the firing angle of thyristors. 

Soft starters provides smooth acceleration reducing 

the stress on the mechanical drive system due to high 

starting torque, thereby increasing the life and reliability of 

belts, gear boxes, chain drives, motor bearings and shafts. 

Smooth acceleration also reduces the stress on the electrical 

supply due to reduced current at the starting. 

Besides these soft starters also minimizes a wide 

variety of electric transients when the motor is exposed to 

the disturbances in the electric supply system. Significant 

energy savings can be done with soft starters by applying 

reduced voltage to the motor, if the load torque requirement 

can be met with less rated flux, thereby the core losses and 

copper losses can be reduced. 

This work, deals with such soft starter of an 

induction motor with reduced torque pulsations during 

starting. The soft starter consists of two antiparallel SCR’s 

in each phase. Here the voltage applied to the induction 

motor is gradually increased, by adjusting the firing angle of 

the thyristors with the help of a microcontroller, thereby 

limiting the high inrush currents and starting torque 

pulsations both during starting and stopping of the motor.  

II. BLOCK DIAGRAM AND ITS EXPLANATION 

 
Fig. 1:  Block Diagram of the Proposed System 

The soft starters are AC voltage controllers, which provide 

controlled voltage to the motor terminals during starting. 

The soft starter uses power semiconductor devices to control 
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the input voltage applied to the motor. By using power 

electronics converter based starting, the initial inrush current 

of motor can be reduced significantly and torque pulsations 

can be minimized.  They offer smooth acceleration and 

energy savings with a partial load can be achieved. 

Soft starter circuit is placed between the supply and 

the three phase induction motor and uses a silicon controlled 

rectifiers (SCR’s) as power semiconductor devices. The six 

SCR’s two per phase are connected in antiparallel to control 

the power flow to the motor. By controlling the firing angle 

of the thyristors the motor terminal voltage can be 

controlled, thereby reducing the electrical and mechanical 

stress on the motor terminals. 

The Block Diagram of the Soft Start of an 

Induction Motor with Reduced Torque Pulsations during 

Starting is shown fig 1. It consists of the following blocks 

 Soft Starter Circuit 

 Control circuit 

 Driver circuit and Phase Angle Control Circuit 

 DC Regulated Power supply 

 Three phase induction motor 

III. SOFT STARTER CIRCUIT                                                  

SCRs are power switches or solid state switches that control 

the power flow to the motor. They act as switches which are 

operated based on the trigger pulse obtained from the driver 

circuit.  The soft starter circuit is placed between the supply 

and the three phase induction motor. It consists of the six 

SCR’s i.e T1, T2, T3, T4, T5, T6 connected in anti-parallel, 

two to each phase. T1, T3 and T5 are triggered at a 

predefined value of firing angle, while T2, T4, T6 is 

triggered by 180 degrees phase shifted pulses. The six SCRs 

are triggered at the predefined value of the firing angle, 

thereby providing the reduced voltage to the motor terminals 

during starting of an induction motor. 

A. Control Unit: 

The control unit mainly consists of ATmega16L 

microcontroller. The controller generates the pulse width 

modulated (PWM) signals. The signals from the 

microcontroller are sent to the driver and the phase angle 

control circuit which are responsible for driving the SCRs 

and consequently the induction motor. 

B. Driver Circuit and Phase Angle Control Circuit: 

The driver circuit and the phase angle control circuit 

consists of phase angle control IC, pulse amplifier and pulse 

transformer. The main function of the driver circuit is to 

provide required gate voltage to the SCR gate terminals and 

also provides isolation between logic level signals and 

power circuit.  

The phase angle control is used to control the 

SCR’s, by controlling the firing angles of the SCR’s and 

also provides the synchronized gate voltages for driving the 

SCR’s. The pulses obtained may not be strong enough to 

turn on the SCR’s, hence pulse amplifier amplifies the 

signals as required by the SCR’s. As the drive circuits 

operates at very low power level and are connected to drive 

the power devices operating at high power levels. If the 

power device is damaged, then high voltage may pass to the 

drive circuit and damage it, hence there is a need for 

electrical isolation between the logic-level control and the 

power devices. Isolation can be provided by opto couplers, 

pulse transformers etc. In my work Pulse Transformers are 

used for providing the isolation.  

C. Dc Regulated Power Supply: 

Power supply is designed to provide independent supplies to 

different sections. Initially 230 V AC supply is reduced to 

(0-12V) with the help of a step down transformer 230/12-0-

12 having a capacity of 500mA. Since the input voltage to 

the regulator IC should be more than its output voltage, 

transformer secondary voltage is 12V. This low voltage is 

rectified with the help of bridge rectifier. The ripples are 

minimized with the help of filter capacitor to get a smooth 

DC supply. The rectified ac (dc voltage) is fed to 

corresponding LM 7812/LM7805/LM7809 voltage regulator 

to get respective voltages. 

IV. EXPERIMENTAL SETUP, RESULTS AND ANALYSIS  

The hardware for soft starter of an induction motor with 

reduction in torque pulsations during starting for three phase 

induction motor is designed, developed and tested in 

laboratory. The proposed control system for soft starter is 

implemented using ATmega16L microcontroller. C 

language is used to develop the software program. 3-phase, 

415 volts, 50Hz, 1 HP induction motor is used for testing the 

developed hardware.   

 The gate pulses and voltage waveforms for various 

firing angles are observed using cathode ray oscilloscope.  

The developed soft starter circuit is tested on three 

phase induction motor. The starting current of the induction 

motor is observed for 30 sec duration and the readings of 

current for time duration are tabulated. 

 In the next step, the induction motor is operated 

and tested without soft starter. The current reading is 

observed and the readings are tabulated. 

Time in seconds Starting current in amperes 

0 0 

2 2.8 

10 2.1 

15 1.9 

20 1.8 

25 1.8 

Table 1: Details of starting current and time without soft 

starter 

Time 

in seconds 

Starting  Current 

in amperes 

0 0 

2 0.1 

5 0.6 

10 1.15 

15 1.6 

20 1.8 

25 1.9 

30 1.9 

Table 2: Details of starting current with soft starter 

From table 1 and 2, it is clear that for a given time 

interval the induction motor when operated without soft 

starter the starting current reached its maximum value 

within a very short interval and hence it was observed that 

there was high inrush current.   
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But when the induction motor was operated with 

soft starter it is observed that there is a gradual increase in 

the current value during starting and the motor takes larger 

time to reach to its steady state value thereby minimizes the 

torque pulsations during starting of the motor. Figure 2 

shows the time versus starting current curve of an induction 

motor. 

The motor when operated with the soft starter it is 

observed that the high inrush current is reduced which 

avoids the heating of the insulation and in turn the motor. It 

also minimized the starting torque pulsations thereby 

avoiding the mechanical wear and tear of the motor and also 

extends the life of the motor and improves the efficiency of 

the motor. 

 
Fig. 2: Time versus Current Curve 

Figure 3 shows the gate pulse and figure 4, figure5, 

figure6 shows the line voltages waveforms for different 

firing angles. 

 
Fig. 3:  Gate pulses given to SCRs 

 
Fig. 4: Gate pulses given to SCRs For time t =15sec 

 
Fig. 5: Gate pulses given to SCRs For time t =20sec 

 
Fig. 6: Gate pulses given to SCRs For time t =30sec 

Figure 4, figure 5, figure 6 voltage waveforms with different 

firing angles. 

V. CONCLUSION 

Soft start of an induction motor with reduced torque 

pulsations during starting is designed, developed and tested 

on 3 –φ, 1 H.P, 415V, 50 Hz Induction motor.  From the 

results it is observed that in the proposed soft start method 

using SCR reduced voltage is applied to the motor which 

resulted in the reduction of initial high inrush currents to 30 

to 50% of its rated value and also minimized the starting 

torque pulsations as compared to other conventional starters.  

From the graph, it is clear that in the conventional 

starters there is a high inrush currents during starting and the 

motor experiences a heavy electrical and mechanical surges. 

But in the proposed soft start method there is a gradual 

increase in the current value thus providing a smoother 

acceleration.  Due to the reduced starting current the 

electrical stress on the windings is reduced and the 

mechanical wear and tear of the motor is minimized by 

minimizing the starting torque pulsations and also increases 

the life of the motor . 
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