
Chapter 6 

Selection of Power Semiconductors and 
Hardware Construction 

\\'hen its come to the hardware construction of the power electronics starter, the whole 
starter can be categorized into two separate units called the Power Block and the Control 
\ init. Mainly the power unit will handle the power part and it will contain power 
semiconductors, extemal resistors, DC link components, snubber circuits and a bypass 
contactor. Control unit is a microcontroller-based unit, which is dealing with TTL level 
signals, further a gate driver stage is to couple PWM control signal to the power transistor, 

and in this case it is the IGBT. 

6.1 Power Block: 
Power block is the physical replacement of the rotor resistor starter of a conventional 
WRlM. A three-phase rectifier block and an IGBT are the power semiconductors available 
in the power block. In addition to that a DC link commutating choke, start configure 
cxtemal resistors, Snubber components are available. The figure 6.1 below shows an actual 
photo of a power block of rotor-based starter for 11 kW WRlM. 

qig-6.1: )Ictua{ rJ'igure of a Power!J3{ocftof~otor IJ3asea Starter for 11/(W 'vVC}ij:M 
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6.2 Three Phase Rectifier: 
fhrce Phase Rectifier is one of the main power semiconductors available in the power 
c:lcctronics starter. It contains six number of power diodes. For the practical construction, 
\IDD 95-16N I B from IXYS Semiconductors has selected. Two diodes are integrated in 
nne module to fom1 a half bridge as in the figure 6.2 below. Selection of a rectifier is 
entirely based on the rotor nameplate data of the WRIM, which is connected to the power 
electronics starter. Here the Forward Current and Peak Inverse Voltage of the diode module 
arc \cry imp011ant parameters for the selection. 
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CFig-6.2: Schematic and }lctua[ CFigure of a CDiode ']VloduCe- :J{afj (J3ridge 

h.3 Maximum Ratings and Characteristics of Diode Module (MDD 95-16N1 B): 
\laximum ratings and characteristics of the selected diode module are given below in the 
table 6.1. [5] Rotor Rated Current is 70A and Rotor Voltage is 95V ofthe selected 11kW 
\\'RIM for the experiment. Obviously, the selected diode module is having higher ratings 
and a higher safety factor for the experimental purposes. 

Symbol Test Conditions Maximum ratings 
I, RI\IS T v.1 = TvJM 180 A 

b \\ 1\1 TC = 1 05°C 180° sine 
' 

120 A 

I, Sf\1 Tv.1 = 45°C; t = 10 ms (50Hz), sine 2800 A 

VR = 0 t = 8.3 ms (60Hz), sine 3300 A 

T v.1 = T \'JM t = 10 ms (50Hz), sine 2500 A 

VR = 0 t = 8.3 ms (60Hz), sine 2750 A 

VRS\1 1700 v 
VRRM 1600 v 
!-dt Tv.1 = 45uC; t = 10 ms (50Hz), sine 39200 A-s 

VR = 0 t = 8.3 ms (60Hz), sine 45000 A1 s 
-

TvJ = TvJrvt t = 10 ms (50Hz), sine 31200 A~s 
-" 

VR =0 t = 8.3 ms (60Hz), sine 31300 A-s 

c_T\.J -40 ... +150 uc 

1 T\.t\1 I 150 oc 
I T,l~ -40 ... +125 uc 

Ytsot 50/60Hz, RMS t = 1 min 3000 v~ 

ltsot ~1 mA t = 1 s 3600 v~ 
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\ lc~ Mounting torque (M5) [ 2.5-4/22-35 Nm/lb.in. 

Tenninal connection torque (M5) 2.5-4/22-35 Nm/lb.in. 

/eight Typical including screws 90 g 

cta6{e-6.1: (j(atings of ([)ioae ']vloau[e 
\\ 

hA Calculation of Forward Current and Peak Inverse Voltage of Three-Phase 

Rectifier: 
I or the calculation of above data, it is required to investigate the electrical circuit of the 
nroposed power electronics starter in detail as below. Here the rotor is represented by a 

1 hree-phase voltage source as in the figure below. 
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rFig-6. 3: !£[ectrica[ Circuit of tfze Power !£{ectronics Starter for W<R]:/1-1 
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For these calculations, it is needed to refer the nameplate data of the selected motor for the 

C\.periment. 

Rotor Phase Voltage,E 1 = 95V 

Rotor Phase Current, i 1 = 70A 

\1aximum forward current flow through any diode is equal to the maximum rotor current, 

by assuming motor is not exceeded the rated conditions, 

Fonmrd Current Rating of the Diode,iv = 70A [ 1] 

The peak inverse voltage appearing across the diode is the maximum value of the line 

\Oltage. [6] 

Peak Inverse Voltage of the Diode, v!'!l = .J3 X 95V = 164.5V [2] 

\bo\C equations [ 1] and [2] are showing the rated conditions for the diode, but is a good 
practice to keep a safety factor for reliable operation. As the safety factor increases the cost 
!'or semiconductors will increase and need to find an optimum point based on the 

e\.pcrience. Generally a safety factor is applicable. 
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6.5 Calculation of Collector Current and Collector-Emitter Voltage of IGBT: 
The mean value of the load voltage of a three-phase bridge rectifier is as follovvs. [ 12] 

RMS Voltagco{DC Link, v//ICII/1 =A X vlillc[max] = 90.7V [3] 

\\'ith this, the collector-emitter voltage of the IGBT can be determined. 

\1aximum current flow through the DC link or the IGBT Collector when the transistor is 

l·ully switched-on, from equation [3], 

!( .1J T c·· !! c· I 3 VtinefmaxJ , ) o ector urrent, c = -x---'----"-

n R 

\\'here, R is the total circuit resistance. For this calculation, it is required to consider the 
rotor internal resistance, resistance of the DC link commutating choke, resistance between 
collector and emitter tenninals when transistor is fully switched-on, and the junction 

resistance ofthe diodes. 

6.6 Transistor Chopper: 
This is a First Quadrant Chopper and the load is the rotor winding of the WRIM. As the 
duty factor of the transistor increases average current flow through the chopper wi 11 
increase and that cause to increase the rotor current of the motor. Meaning that as the rotor 
current increases the rotor speed will increase. Main component of the transistor chopper is 
the Insulated Gate Bipolar Transistor (IGBT). When selecting the transistor, it is required 
to consider the Collector Current (lc) and the Maximum Collector to Emitter Voltage 
(Yn). In here too, it is good practice to keep a safety factor to ensure a long reliable 
operation of the IGBT while minimizing the higher cooling requirements of the transistor. 
Figure 6.4 given below shows the equivalent circuit schematic and the actual figure of the 

!GBT Module selected. 
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•Fig-6.4: ~quiva{ent Circuit Scfiematic ana }lctua[ rf"igure of tfie Ic;/BCJ 'Mocfu[e 

6.7 Maximum Ratings and Characteristics of IGBT: 
Table 6.2 shows below the maximum ratings and characteristics of the IGBT selected for 

the construction of the power electronics starter. [7] 
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Item Symbol Rating Unit 

Collector-Emitter voltage VeTs 1200 v 
Gate-Emitter voltage Vc;Es ±20 v 
Collector current Continuous Ic 300 A 

1ms Ic pulse 600 A 

I Continuous -Ic 300 A 

i 1ms -lc pulse 600 A 
1 Max. power dissipation Pc 2100 w 

Operating temperature Ti +150 oc 
Storage temperature T~tu -40 to+ 125 oc 
Isolation voltage Vis AC 2500 (1 min.) v 
Screw Torque Mounting 3.5 Nm -

Power Tenninals 4.5 Nm 

I 
Control Terminals 1.7 Nm 

--
'I(z6[c-6.2: ']Vlaxjmum !Rgtings and Cliaractcristics of JC}BCJ 

6.8 Snubber Circuit: 
Snubber circuits can reduce the electrical stresses of power semiconductors into safe levels. 
There arc different type Snubber circuits and are of capacitors (C), resistors (R), inductors 
( L). and diodes (D). In this case, RCD Snubber [11] is in place across the power tenninal of 
the IGBT. Snubber circuits are used to protect transistors by improving their switching 
trajectory, and they are tum-off Snubber, tum-on Snubber and over voltage Snubber. 
For the gate terminals of the transistor won't receive ideal square wave signal to turn-on 
and off. ln real world applications we can see a reasonable rising and falling times at the 
gate terminals of the transistor. This rise and falling times are subjected to deviate and alter 
the current and voltage wavefom1s, which flow through the power tem1inals from the ideal 

as explained in the figure 6.5 below. [8] 
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6.9 DC Link Commutating Choke: 
The importance of having a DC link-commutating choke for the rotor circuit has been 
proved via simulations in the chapter 5 above. This could minimize the switching stresses 
tln the rotor and stator cunent profiles. The feasible size of the inductor is 1-1 OmH ranges 
and for the final simulations 1 mH has selected with higher switching frequency of the 
transistor. because the physical size of the inductor will increase as the inductance goes 
high. Figure 6.6 shows below a photograph ofDC-link commutating choke. 

rJ'ig-6. 6: !])C-LinftCommutating Cfw~ 

6.10 External Resistor: 
As in the case above, the requirement of having extemal resistors and its function with the 
ohmic value are explained via simulations in the chapter 5 above. The used resistors are for 
practical implementation is high pulse ceramic resistors, which can allow flowing very high 
currents. Figure 6.7 is showing an actual photograph of high pulse ceramic resistors 

available in the power electronics starter of 11kW WRIM. 

rJ"ig-6. 7: Start ConnecteaCE:{terna[Jfigfi PulSe cJ?J;sistors 
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