Solutions for Chapter 2: Uncontrolled AC/DC Converters

2.1:
From Equation (2.20) ¢ = tan”! (wL/R) = 78.75°
Check Figure 2.4 B=272°
2.2:
From Equation (2.20) ¢ = tan"! (oL/R) = 72.34°

Let Bi=m+ ¢ =252.34°
Step B x = Sin (B - ¢) BB Letx=y

y=e “Lsing

1 252.349 0 0.234532 x = 0.234532
21 265.907° +0.234532 0.217508 x =0.217508
3] 264.905° +0.217508 0.218722 x =0.218722
4 1 264.979° +0.218722 0.218635 x =0.218635
5] 264.977° +0.218635 0.218641 x =0.218641
6| 264.9720 +0.218641 0.218641 x =0.218641
7 264.9720
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So, the extinction angle B = 264.972° with high accuracy.
2.3:

For the parameters given

ZJR+@* ' =106.9Q
¢ = tan”! (wL/R) = 0.361rad = 20.7°
oL/R =0.377
(a) From equation (2.25) for current
i =0.936 sin(wt — 0.361) + 0.331¢ /0377
p can be found numerically by equating i = 0.
p is found to be 3.5 rad.

(b) Average output current

3.5
1= ZL (0.936in (@ —0.361)+0.331e """ )d (et
T

0
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or

(c)

2.4:

b)

1, = ﬂ(l —cos 7)=0.3084
27R
Average output voltage is
V,= %(l —cos 7)=30.8V
V4

From (2.25), the angle a at which D starts to conduct is

a=sin"' m=sin" Lzsin'1 100__
Jor 11042

From equation (2.42), y is

y = —2a =180-80 = 100 deg

From equation (2.43), the average rectified current is

140°
1

I, === [ 1102 (sin 1207t — %) (t)=10.24

11082
27 40°

o
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d) The rms value of the rectified current is

1/2

1 140° ,
Ii=| 5~ [ [110V2] Gsin1207t— 1% d (ax) | =21.24
40°
e) The power delivered by the ac source is

P = RI; +Velo=1x21.2>+100 x 10.2 = 1469V

f) The power factor is

:Power delivered 1469 063,

PF _ —0.
VI, 110x21.2

2.5:

Calculation of the angle 0. At wt = 6, the slopes of the voltage functions are equal to each

other as shown in (2.59),

\/ﬁ COS 9 :W—Singe*(g*lg)/wkc
-wRC
1 -1

"tand wRC
Thus @ =n—tan"' (wRC)

Therefore, 0 = r—tan™' (100z * 100 * 0.0001) = 180 — 72.34 = 107.66°
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Calculation of the angle o using Iterative method 1.

Since RC = 0.01 sec, and oRC = &, we obtain the equation below. At wt = a, the input

voltage is equal to the output voltage,

(2ato—0)/wRC

sin a = (sinf)e”

or

sin o = (sinf)e Grre-0/oRC = () 953 o~(252.34+a)/n

Using the iterative method 1, define:

x=sina

y= 0.9536—(252.34%()/1:

Make a table with initial o = 30°;

o (%) X y X:y
30 0.5 0.1777 >
20 0.34 0.21 >
12 0.2079 0.2194 <
13 0.225 0.21822 >
12.6 0.21814 0.2187 <
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12.7 0.21985 0.21858 >

12.63 0.21865 0.21867 =

We can choose o = 12.63°.
2.6:

Calculation of the angle 0. At wt = 0, the slopes of the voltage functions are equal to each

other.

\/ﬁcosgzwe—(ﬂ—wmc
—-@wRC
1 -1
“tan® wRC
Thus  @=rx—tan ' (wRC)

0=r—tan"'/ (1007 *100*0.0001) =180 —72.34 =107.66°

With comparison with the discharging angle 6 in Problem 2.5, it can be seen that both values

are same since the R, C and o have the same value.

Calculation of the angle o using Iterative method 1.

RC =0.01 sec, and ®RC = .

We obtain the equation below. At ot = a, the input voltage is equal to the output voltage,
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sin a = (sin Q)e =+ @~ O/wRC

sin a = (sin @)e 7 T @~ V/ORC = () 953 (7234 +aym

Using the iterative method 1, define:

x=sina

y= 0‘953e—(72.34 +a)/n

Make a table with initial o = 45°:;

a () X y X >=<y?
45 0.7071 0.4965 >
35 0.5736 0.5249 >
30 0.5 0.5397 <
33 0.5446 0.5308 >
322 0.5328 0.5332 <
323 0.5344 0.5329 >
32.22 0.53317 0.53311 -

We can choose o = 32.220.

The average output voltage V4 is
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\/EV 0 T+a

v, =22 j sin(wt)d wt + j 0.953¢ " dot
7 6

= @[(cos a—cos0)+0.9537(1— e’(’”“’g’/”)]
Vs

24042 [

T

(0.846+0.3034) +0.9537(1— 0.4597)]

V,=108.038[(1.1494) +0.9537 (0.5403)]=298.94 V

The average capacitor current is zero Ic=0
The average resistor and diode current is
V, 298.4
I,=1, :Ed: 98.49 =2.9894 A
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