
Chapter 9 

Comparison, Reliability of the System and 
Further Improvements 

This chapter focuses on the comparison of the performance of the power electronics starter 
\'S. conventional rotor resistance starter, reliability of the power electronics starter and 
rurther developments possible. 

9.1 Power Electronics Starter vs. Conventional Starter: 
Figure 9.1 below shows a starting stator current profile of an llkW WRIM with the 
proposed power electronics starter and the conventional rotor resistance based starter with 
the development of rotor speed. As the conventional starter changes rotor resistance by 
steps, stator current fluctuations are high, and the rotor acceleration is not constant over the 
time. But with the proposed power electronics starter, we can control the duty factor of the 
IGBT as per the requirement, and can achieve a smooth speed increase and thereby can 
achieve no current peaks and fluctuations at the stator. Figure 9.1 shows the captured stator 
current profiles of a no load motor. 
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IJ.2 Reliability of the System: 
Power electronics starter is having two basic units; they are a power block with power 
semiconductors, resistors and an inductor, and a control unit with a micro controller and 
nther electronics. Entire design of the power electronics starter is based on the nameplate 
data of the WRIM and the application based information. Since this starter doesn't have 
rotating parts and electrical contacts as in the conventional starter, the reliability of the 
proposed starter is very high. 
:\o need to maintain a bulky resistor based oil or air cooled starter, and minimize the 
maintenance. Practice in the industry to run a WRIM is to have two separate motor control 
circuits for the stator and the rotor starter separately, and with a suitable interlocking in 
between. This causes lot of troubles during the starting of the motor and if any control fails 
the damage would be severe and the time taken to diagnose and rectify is very high. But 
\\ ith this power electronics starter, we can handover the entire control of the WRIM to a 
single micro controller, and this could cover the control of both stator and rotor. This 
minimizes the field level hardwiring too. 
In a conventional method all the protections are ensured for the WRIM via its stator circuit, 
hut \vith this power electronics starter, we can introduce a secondary protection scheme to 
the rotor circuit also. This is nothing but an over-current protection and it could detect 
loose connections at the slip rings and locked rotor situations very fast and further provide 
a safe operation for power semiconductors in the power block. 

IJ.3 Programmable Torque-Speed Characteristics: 
The proposed power electronics starter can avoid the main disadvantage of the rotor 
resistance starter, which is the rotor speed dependability over the load torque. The design of 
the proposed power electronics starter can be extended to a closed loop speed control and 
hence can achieve the programmable torque speed characteristics. Figure 9.2 below shows 
the extension of the proposed power electronics starter to have a closed loop speed control. 
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I or the speed control of a WRIM, it is required sense the actual rotor speed (PV) via an 
L'ncoder. and the speed error can be detect with respect to the set speed or the reference set 
point (SP). This error can compensate via a PID controller, which can derive the magnitude 
l) r the duty factor for the transistor. 
This closed loop speed control ensures the accuracy in the rotor speed irrespective to the 
load torque. With the conventional methods, it is impossible to have a closed loop speed 
control and thereby it is unable to have a programmable torque speed characteristics. 

9.4 Integration of Freewheeling Diode across the DC Commutation Choke: 
fhe original proposal doesn't contain a freewheeling diode across the DC commutation 
choke. Since it is performing as an inductor, the stored energy of the inductor should be 
dissipated during the off state of the IGBT. When the freewheeling diode of the 
mductor (D; ) was not in place, R4 and C2 compound- of the snubber circuit \viii 

circulate the reverse energy of the inductor when the IGBT switches off. Anyhow this 
freewheeling diode should be a fast recovery diode with a higher current handling capacity. 
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Ratings of the fast recovery diode can be calculated as follows. 
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Let the current through the freewheeling diode (D;.) is ir, that can be limited by the 

summation of the internal resistance of the diode and the inductor, (R; ) . 
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t 1 would be the forward current handling capacity of the diode and the PlY of the diode 

should be greater than the V oc- ir can be limited to a safe value by introducing a suitable 
resistance in series with the diode. 
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9.5 Advantages and Disadvantages of Power Electronics Starter over Conventional 
Startet·: 
PO\ver electronics starter is very simple by construction and can be extended to its function 
as a speed controller in addition to a starter. Programmable speed increase and decrease are 
possible within a pre-set time period. Entire control of a WRIM can be incorporated to a 
single micro controller and secondary level rotor circuit protection can be achieved by 
sensing rotor currents. 
The proposed starter is required very few power electronics semiconductors and the cost 
for the development will be the same as the conventional rotor resistance starter. 
Minimizing the electromechanical connections and the rotating parts by the new design can 
improve the reliability and the availability of the WRIM, and requires a very low 
maintenance effort. 

9.6 Advantages and Disadvantages of Power Electronics Starter over Variable 
Frequency Drive: 
I n\·estment is low for a power electronics starter as it compares with a variable speed drive. 
But speed control is more precise from zero speed to the rated or above. With the proposed 
po\\er electronics starter, the speed control range is limited by the external resistors 
connected to the rotor circuit, and cannot go beyond the rated speed. Reversing of the rotor 
turning direction and electronics braking are not possible with the power electronics starter. 
Harmonic generation is very as it compares with a VFD and expertise knowledge is not 
required for commissioning the power electronics starter to a WRIM. 

9. 7 Conclusion: 
The proposed power electronics starter is a very successful replacement to a conventional 
rotor resistance starter. It could save the space requirement and can minimize the cooling 
requirement of the resistive starter. Conventional starter limits the number of consecutive 
start-ups, but the proposed power electronics starter is having a continuous duty, and can 
achieve a very smooth speed control of the rotor from the initial speed (speed due to 
cxtemal resistors) to the rated speed. Further this could replace the bulky resistor banks and 
other electromechanical parts. Minimizing the rotational parts will extended the reliability 
and requires a very low maintenance. 
Further more, the proposed starter can avoid the rotor speed dependability over the load 
torque, and can extend the design easily to have programmable torque-speed 
characteristics. 
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