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Questions 1 (20%) 
A three-phase full-bridge SCR rectifier shown in Figure 1 is used to drive the dc motor. Assume that 
the total inductance L is very large (with a very large external inductor). The ac input voltage is 
480V(60Hz). The winding resistance is 0.25Q and the back EMF Ea =300V. The rectifier output power 
is!lOkW. Answer following questions. 
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Figure i A three-phase full-bridge SCR rectifier with motor load. 

1.1) Find the firing angle. 
Hint: find the armature current using dc motor armature circuit. 

5% _ () " .
ItA1- RcA + IO\ btl\. -::::-(0 ~L~Lc. 

. -==~"'==,,~,.~~.~.......-~ ....- ..- -. ~I / ,1 

- l., 4- ., 1 :::. i.l "tV IT 

. 15. ""'( IO\ t--'7ooLtl\ - (0 ;::: D~" 0\ .. -~~-- , 

VrJ. ':::- bur, t IA~:; -508., 'j~ II 
........------ -- ,1­

_'( Vd _-'I 
' 

0( ~ ct>S (,~V~L ~I- (os ,O.«!1""f) =- I,f) trj rrv1 
\9 ( b' ,toq f 0 , 

1.2) Calculate the RMS value of the ac input current. 
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1.3) Find the ac side power factor and current THD 
5% 
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1.4) Using the waveform template below, draw the voltage waveform of vl'n' V Nn and vd assuming the 
firing angle is 60 degree. 
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Questions 2 (20%) 
Consider the single-phase diode rectifier fed by a square wave inverter as shown in Figure 2. The input 
voltage V, is a 60Hz square wave with peak voltages at ± 120V. A very large filter capacitor is 

connected at DC output. The line inductance L., =1mHo The load resistance is 200. Answer following 

questions when the rectifier is in steady state. 
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. Figure 2 Single-phase diode rectifier with line inductance 

2.1) Find the DC output voltage Vd • 

Hint: draw i wave~ Vd lonn, use Id =~d 

R10ad 
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Questions 3 (15%) 

If a single phase full-bridge inverter is designed to output the voltage waveform as shown in Figure 3. 

Answer following questions when the RMS value of the output voltage is 120V. 


OJI(O) 

Figure 3 Inverter output voltage waveform 
3.1) Find the DC link voltage 
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3.2) Draw the gating signals for top two devices Tl and T3, using following template 
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Questions 4 (20%) 
-A 5kW single phase single stage full-bridge inverter is used to bridge the photo-voltaic panels to the 
240V, 60Hz grid through an 120V/240V transformer, as shown in Figure 4. The PWM gating signals 
are generated by a synchronous sinusoidal unipolar PWM generator with mf =81. The output voltage 

of the PV panel is variable depending on the weather condition. Assume that the inductance is 1 mH 
and the transformer is ideal transformer. Answer following questions when the inverter is operating in 
steady state with no over modulation. 
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Figure 4 single phase single stage full-bridge PV inverter 
4.1) Find the minim~ PV panel voltage when the inverter outputs 5kW real power at unity power 

factor. L --- -, I 5x(u; ~ 
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4.2) Explain the reason ofusing unipolar PWM in the PV applications. \ I ::: r ("") I t)::J!L ~ 
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4.3) Find the two dominant harmonic currents if the modulation index is 0.8 and the inverter output 

power is SkW at un,ity,power factor. AI I I 
8% 1/ {irv i h lJ ' 1'(. ( {­tv bten Y'Yl",:::' D,~ , Vd=" IIYI A. "=-~ :;:; 	~(?q4-,1­-
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Questions 5 (2S%) 
If a 1.SMW wind turbine is connected to a 13.8kV, 60Hz feeder through an 1.SMW, 3-phase 
13.8kV/690V step-down transformer and full power converter. The grid side inverter and transformers 
are shown in Figure S. The PWM gating signals are generated by a synchronous sinusoidal PWM 
generator with switching frequency at 1980Hz. The dc link voltage Vd = 1240V. The inductance of 

inductor L is 0.1 pu. Assume the ideal transformer and ideal feeder, answer the following questions 
when the converter is operating in steady state with no over modulation. 

Hint: Sba~e = 1.S MW and v;,ase 690 V. Shase =J3. Vhase ·lbase and Zbase = 	;!ase 
3·lbase 
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Figure 5 Wind turbine grid side inverter 

5.1) Find the amplitude modulation index if the inverter is feeding 1.5MW real power to the feeder at 

unity power factor. 

10% 
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~ 'L u-6 V 'j) oftl)
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IF .. I _"" - ---!f fF . 
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I L/.J 2.. 1\1" .' / Y Jt x4--o0, .)r8fJ

V"n~,~ =- yYI~*:i :=:.Jt rn.· VJA ~~ =- ,1~40 =1},q,U­
5.2) Calculate the THD of the output current Wit~ considering the dominant harmonic currents at -'--. 

± 2 and m ± 4. Assume that the amplitude modulation index is 1.0 and modulating waves are in e!.....ml f 
phase with the grid voltages. . - .... ,- . 
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5.3) When'tlhe real power is zero (no wind), the in erter is required to supply reactive power to the grid 

at 1.5MVar. Find the minimum dc link voltage. "I 
 I 0' 
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Table 8-1 G lized H fVAn for a L 
~~-----. 

I .1 !-~::.~ 0.2 0.4 0.6 0.8 1.0 
1st 0.2 0.4 ! 0.6 ! 0.8 1.0 

mf 1.242 1.15 1.006 0.818 ! 0.601 ! 

mf±2 I 0.016 0.061 0.131 0.220 0.318 

mf±~ 
! ----1 

.............. 0.018 

2mf±1 0.190 0.326 0.370 (1G14 ) O. 81 
i 

:--.~ i 
~' ; 

2mf±3 0.024 0.071 0.212 i 
~.~ ..--~-~- .­

i 

.__.__~mf±? '0.013 0.033 
! 

3mf 0.335 0.123 0.083 0.171 0.113 
; 

~------

3mf±2 0.044 0.139 0.203 0.176 0.062 

3mf±4 0.012 0.047 0.104 0.157 
.­ r 0.044 i i3mf±6 i 0.016
.•---~ --.--~ 

Note: (VAO )hl t Vd [=( VAN)J t Vd ]is tabulated as a function of rna where (VAO)h are the peak values of the 

harmonic voltages 

Table 8-2 Generalized H fVII for a L dOdd
~~ 

~a 0.2 0.4 0.6 0.8 1 1.0;=j 
1st 0.122 0.245 0.367 '0.49 0.612 i 

--_.... 

1 (0.190mf±2 0.010 0.037 0.080 0.135 
1------.. 

l (0.011)__ m.t:.±4 0.005 

2mf±1 0.116 0.2 0.227 . 0.192, 0.111 

2mf±5 0.008 0.020-_.... 
I

. 3mf±2 0.027 0.085 0.124 0.108 0.038 

3mf±4 0.007 0.029 0.064 0.096 I 
---, 

, 0.042-­4mf±1 0.100 .0.096 0.005 0.064 
------­ r- 0.073 j4mf±5 0.021 0.051 
-----..-.-----~. 

4mf±7 i 0.010 0.030 
Note: (VU)JVd are tabulated as a function ofma where (VU)h are the rms values ofthe harmonic voltages 
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