
Chapter 3 

Proposed Power Electronics Starter 

A power electronics starter for WRIMs is proposed to overcome the drawbacks of the 
conventional starter while ensuring and enhancing the performance of the extemal rotor 
resistance starter. This is a rotor-based starter, which is having a minimum number of 
electrical connections, and there are no rotating contacts inside the starter other than the 

slip ring assembly. 
This starter consists of a Power Block to handle the rotor current and a micro-controller 

based Control Unit for smooth startup or speed control. 

3.1 Power Block: 
Proposed power block is designed to replace the conventional rotor resistance starter, and 
basically it contained a three-phase full bridge rectifier unit, transistor chopper stage and a 
fixed external resistance, which connected to the rotor circuit. The figure 3.1 below is 
showing the electrical circuit ofthe proposed power electronics starter for WRIM. 
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rfig-3.1: Proposed Power {Electronics Starter for 'WcJ?J<_,11 
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- IGBT 
- DC Commutating Choke/ Inductor 
- Snubber Circuit 
- Bypass Contactor (Optional) 

Rotor terminals via slip rings are connected to a three-phase full bridge rectifier and a fixed 
cxtemal resistance (Rl~R3). Three-phase rectifier (01~06) will convert rotor-induced 
altemating current into a direct current (DC). The chopper stage connected to the DC link 
via an inductor (L). This inductor could minimize the switching impacts to the rotor cuncnt 
\\'a\ cfom1, and it is known to be the DC-link commutating choke. The chopper contains an 
Insulated Gate Bipolar Transistor (IGBT) (Ql) as the power switch with a reverse biased 
diode (OF) for freewheeling. Snubber circuit will improve the switching characteristics of 
the IGBT while minimizing the switching stress on the power switch. 
Initially the IGBT is fully open and the rotor circuit is loaded entirely by the external 
resistance only. Sizing of this rotor resistance is very critical and it could detem1ine the 
starting torque and the initial speed of the rotor without the power electronics starter. 
WRIM will accelerate the rotor and reach to the rated speed, as the external rotor resistance 
becomes zero. In other words rotor reaches to the rated speed once the maximum current 
flow through the rotor. This power electronics starter can control the cunent flow through 
the rotor windings and thereby can control the rotor speed. Cunent control through the 
rotor circuit is achieved by the chopper stage, and the IGBT is driven by a Pulse Width 
Modulation (PWM) scheme to achieve this task. In PWM, it will drive the gate of the 
IGBT and the duty factor of the transistor can vary from 0~ 1. As the duty factor is 0, !GBT 
is fully open and there is no current flow through the chopper. As the duty factor is 1, the 
IGBT is fully closed and allows to flow maximum possible cunent through the chopper 
and consequently through the rotor winding too. Time taken to increase the duty factor of 
the transistor from 0 to I will determine the acceleration of the rotor and the time taken to 
reach the rated speed. That implies if the duty factor of the transistor is 1, the rotor reaches 

to the rated speed. 
It is obvious that by controlling the duty factor of the transistor, power electronics starter 
can control the speed of the rotor, by keeping the duty factor at a certain level, rotor speed 
can be regulated. But the size of etemal resistance will detem1ine the initial speed pf the 
rotor and could narrow down the range for speed control by the IGBT chopper. 
\Vhen there is no speed control requirement, once the IGBT received the maximum duty 
factor i.e.!, there is a facility to bypass the power semiconductors with a power contactor 
and it \Viii prevent unnecessary loading on power devices and minimize the heating load. 
Initially the extemal resistor bank has to allow the rotor current flow through it and once 
the power electronics starter controls its duty factor from 0 to 1, the rotor current flow will 
gradually increase and transfer smoothly and completely from resistor bank to IGBT 

chopper. 
Here the gate driving of the IGBT is achieved by a control unit, which delivers the PWM 

lor the Gate terminal of the transistor. 
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3.2 Control Unit: 
Primary job of the control unit is to drive the gate terminal of the IGBT under a PWM 
scheme. Control unit provides the facility for programming the base frequency or the pulse 
frequency for the transistor and can control the duty factor of the IGBT from 0 to 1. 
User can increase or decrease the duty factor manually or duty factor increase or decrease 
can be achieved within a pre-programmed time period automatically, that time period is 
known as the ramp-up time and ramp-down time respectively. 
Central processor for the control unit is a micro-controller, which delivers a hardware 
PWM scheme and will amplify and process through an IGBT gate driver stage before 
connecting the gate terminal of the transistor. 
In the industry, there are two separate circuits to control the stator and rotor windings of a 
WRIM. and it is more trouble. The idea of this controlu1_1it is not to drive the gate terminal 
of the IGBT and it can extend to start and stop the stator power supply too. The conceptual 
schematic of the control unit ofthe proposed starter is given in the figure 3.2 below. 
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'Fig-3.2: Contra[ Vnit for Proposea Power r£".fectronics Starter of'vllR]'JVl 
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