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In order to appreciate the benefits of using an electronic controller, it is important to have some understanding 
of the characteristics and limitations of the induction motor and the electro-mechanical systems currently used 
to control them.  
 
The standard, fixed-speed induction motor has to fulfil two basic requirements:- 
 
To accelerate itself and its load to full speed (or speeds in the case of multi-speed motors)  
 
To maintain the load at full speed efficiently and effectively over the full range of loadings. 
 
Due to the constraints of materials and design, it can be difficult to achieve both objectives effectively and 
economically in one machine.  
 
So, how does a motor start in the first place? 
 
As mentioned earlier, motors convert electrical energy drawn from the power supply into a mechanical form, 
usually as a shaft rotating at a speed fixed by the frequency of the supply. The power available from the shaft is 
equal to the torque (moment) multiplied by the shaft speed (rpm). From an initial value at standstill, the torque 
alters, up or down, as the machine accelerates, reaching a peak at about two-thirds full speed, finally to 
become zero at synchronous speed. This characteristic means that induction motors always run at slightly less 
than synchronous speed in order to develop power - the 'slip speed' and, hence the term asynchronous. The 
graph below, which shows an induction motor torque/speed curve, illustrates this most important characteristic. 
 
 
 
 
 
 
 

 
 

Torque/Speed Curve - Induction Motor 
 
 
 
 
 



As for each type of motor, so each load coupled to an induction motor has its own speed/torque curve: 
 
 

 
 

Torque/Speed Curve - Coupled Load 
 
 
The acceleration of a motor-load system is caused by the difference between the developed torque (motor) and 
the absorbed torque (load) and is shown by the shaded area in the next figure: 
 
 

 
 

Torque/Speed Curve - Accelerating Torque 
 
 
Obviously, the larger the difference, the faster the acceleration and the quicker full speed is reached - and, 
coincidentally, the greater the stresses experienced by the supply and drive systems during the acceleration 
process. An "ideal" start would accelerate the load with just sufficient force to reach full speed smoothly in a 
reasonable time, and with minimum stress to the supply and drive mechanisms. 
 
Broadly speaking, the motor speed/torque characteristic is controlled by the rotor resistance - a motor with high 
rotor resistance can generate its peak torque (pull-out torque) at standstill giving the high break-away torque 
characteristic, which reduces steadily as the speed increases and becoming zero at synchronous speed. At the 
other end of the scale, a motor with a very low rotor resistance will produce a low starting torque but will 
generate its peak torque closer to the synchronous speed. Consequently this type of motor runs at full power 
with higher operating efficiency and low slip speed. Increasingly, modern induction motors to combine the twin 
requirements of high starting torque and efficient full-speed operation within a single motor by techniques such 
as double-cage or deep bar design, and this motor characteristic is ideal for use with soft starter control. 
 



 
 
 

Torque/Speed Curve - High Starting Torque/High Efficiency motor 
 
 
 
To summarise, an induction motor will only start and accelerate when it produces more torque than the 
connected load absorbs. This is true for all speeds - including standstill up to full speed. 
 
 
Starting Induction Motors 
 
Starting a de-magnetised induction motor from standstill is a demanding and complex process. At the instant of 
switching all the energy necessary to magnetise the motor, to provide the acceleration force, and to supply the 
kinetic energy of the rotor and load, must be present together with the energy to overcome the mechanical and 
electrical losses. To do so at full supply voltage places considerable stresses on the supply, the motor 
windings, and the iron cores of the stator and rotor. Excessive acceleration of a rotor when the mechanical load 
is small can produce torque oscillations in the shaft causing severe wear to transmissions, gears and drives. 
Excessive acceleration when the load inertia is high such as in centrifugal fans, causes belts to slip in the 
pulleys, producing rapid wear and early failure. 


