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QI

Q5:

Attempt Five Questions Only

: The single-phase half-wave rectifier with R=10€ and L = 100 mH. The rectifier
is supplied from a voltage source has value of 220V, 50Hz. Derive and Calculate:
a) Average and rms voltage, b) Rectification efficiency,
c¢) Ripple factor and form factor, [10 Marks]|

: Design three-stage voltage multiplier supplied from the transformer with
secondary voltage equal to 1KV at 1kHz and its average output voltage 3kV and

output current equal to 3mA. Then calculate voltage drop and ripple voltage
[10 Marks]|

: The single-phase half wave rectifier has a purely resistive load and the delay angle

is 0. = 1/3, derive and calculate:
a) Average and rms voltage, b) Rectification efficiency,

¢) Ripple factor and form factor, [10 Marks]

A three-phase full wave rectifier has a purely resistive load of R. The rectitier
output voltage of Vdc =460V and the source frequency is 60 Hz. Determine

a. The efficiency b. The form factor c. The ripple factor

d. The peak inverse voltage of each diode [10 Marks]|
(A) Derive the total power loss in the transistor. [6 Marks]
(B) What is a freewheeling diode? [4 Marks]

Design the single-phase bridge controlled rectifier has an inductive load supplied
from a voltage source has value of 220V and the average output voltage varied
from 160V to 180V. Calculate efficiency and ripple factor

Note: Drive any formula that used in solution [10 Marks]

Good luck
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Q1: The single-phase half-wave rectifier with R=10Q and L = 100 mH. The rectifier
is supplied from a voltage source has value of 220V, 50Hz. Derive and Calculate:
a) Average and rms voltage, b) Rectification efficiency,

¢) Ripple factor and form factor, [10 Marks]

Sol. Vm =+/2%220 =311V
wlL 2nfL 2+3.14%50%0.1

tang = R - R 10 =72
B =180 + ¢ = 252°
1 (# . Vm Vm
Vac = 27, Vm - sinwt - dt = E(—coswt) = 2_1r(1 +0.3)
Vdc = . = 64.38V
6.28

1 (8 V2 sin2p
[ 2 .¢in2 . = |2% —-
vV, ‘}ano V2, - sin*(wt) - dt \/41[ (B > )

Vvm |2 —sin2f\ 311 [/4.4+0.59
Vi=7 \/( 21 ) 2 ﬁ 6.28 )

v, 20 — sin2f \
s Vi . nJ(Zn(l — cosﬂ)z) =51k

RF =FF2-1=1.9




Q2:

Sol.

Design three-stage voltage multiplier supplied from the transformer with
secondary voltage equal to 1KV at 1kHz and its average output voltage 3kV and
output current equal to 3mA. Then calculate voltage drop and ripple voltage
[10 Marks]
Vo = Vio-toaa — AV — 6V
Vio-toad =2 N * Ve =2%3 %1 =6KV

I /[2n® n? n I
AV b ——|=22—

“fc\3 "9 6 fc
I n(n+1 I
6V=f—ca¥= —
yo_g 3l 22e1 2 2501
; fc = f¢ fC
c=22T _osup
3xf
awv =22 -8 _ 5 eaxv
fc 25

oV =3 e =360V
Y fC 25
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Q3: The single-phase half wave rectifier has a purely resistive load and the delay angle

Sol.

is a = /3, derive and calculate:
a) Average and rms voltage, b) Rectification efficiency,

¢) Ripple factor and form factor, [10 Marks]

m

1 |74 V
Ve :Ef V,, sinwt - dt :ﬁ(l + cosa) =—2—§(1 +0.5)

a

vde = 22 _ 0.239v
E=%28 m

v \/ifnygl-sinz(wt)-dt= Vm \/(n—a sinZ(n—a))

21 V21T 2 4
Vi (1 + cosa)?
n_vf_z n—a_sinZ(n—a))
B Z 4

" =m\l(n;a_sin2(z—a))

FF =
Ve (1 + cosa)

RF =/FF% -1
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Q4: A three-phase full wave rectifier has a purely resistive load of R. The rectifier

output voltage of Vdc = 460V and the source frequency is 60 Hz. Determine

a. The efficiency b. The form factor c. The ripple factor
d. The peak inverse voltage of each diode [10 Marks]
Sol.
3V3V
do = ™ = 1.654V,,
T
Vi =278V
3 9V3
vV, = ") =1.655V
L=V, (2 W) 1.655V,,
V3, /1.654V,°
—: — = 0
1=z (1.655Vm) MR
pr =L - 1:05m _ 4 008
Vg4 1.654V,,

RF =\ FF?2 —1=4%

PIV =3V, = 480V



QS5: (A) Derive the total power loss in the transistor.
(B) What is a freewheeling diode?
Sol. A:
AVce
Ve
VCE[sat] ,,,,,,,,
. . ton Lot
Ice | i« - < >
Im
Iceo
tg tr tn ts ts to
During delay time, iC(t) =ICEO VCE(@t) = VCC
1%
Ya=m _[ Pd(t)dt = Icgo Vectafs
0
During rise time
. I t
ic(t)= tﬂf Vce(t)= Ve + (VCE(sat) ~Vee )T
r r

t
1¢, t
b =5 J.IM t—{vcc o (VCE(sat) ~Yee ),T}
0 r r

During Conduction period, iC(t) =IM VCE(t) = VCE(sat)

t
1 n
P, = ? _[ P, (t)dt = IMVCE(s.at)tufs
0

During storage period, iC(t) =IM VCE(t) = VCE(sat)

5
P\. = ’1_ .[ P-\' (")d"' = [.-U Vf '-’:'i'-\'f”}{-"j;
0

[6 Marks]
[4 Marks]



During fall period,

. t t
ic(t)= IM[1 - E] Vee()= Vcct*
£

1% V(‘r'l.*.-;",,ff\
P, :ﬂpf (Hdt = ———
During off-period, iC(t) =ICEO VCE(@) = VCC
‘(I
1
R = I P, (t)dt = IcpoVectofs
0

.. The total power loss in the transistor due to collector current is:

PT=Pd+ Pr+ Pn+ Ps + Pf+ Po



Sol. B:

The average dc voltage varies proportionately to [1 - cos(f)]. This can be made to be a
maximum, thereby increasing the average dc voltage, by making cos(f) @ maximum. The
maximum value that this can take is given by cos(z + o) = 1, which can be obtained if o=
0. We can make o = 0 with the addition of a freewheeling diode given by D,, as shown with
the dotted line.

When the supply voltage goes to zero, the current from Dy is transferred across to diode
Dm. This is called commutation of diodes. The result is the charge in the inductor will be
used to keep diode Dy, on, instead of previously forcing D; to remain in its forward state.
This would reduce the value of the extended angle of conduction of the diode D;, o to zero.
We can see that if the value of the inductance is high, it will store more charge and
therefore be able to keep diode D, on for a longer time.

Then the inductor would be able to keep diode D, on for the entire duration of the negative
half cycle, and by so doing, maintain a continuous load current.

+u|-

.,pﬁ,g!w,‘,,‘,t $ :

(a) Circuit diagram

—
& v "L 4
v, |- y -t Y
" ve=iR UrnL -iR
R™L
|
I
v
R 1 |
0 » Wt v
T
ot, | 2n 0 R = » it
I 21
I I
. 7 5%, I 'H
m o D4 conducts
f 3 “D _h‘ -+ ol
0 : » it M o
1———b-
n L 2n 4V Oy conducts
N D1 conducts = 0 21
i \ /
(b) Waveforms
Without freewheeling diode With freewheeling diode




Q6:

Sol.

Design the single-phase bridge controlled rectifier has an inductive load supplied
from a voltage source has value of 220V and the average output voltage varied

from 160V to 180V. Calculate efficiency and ripple factor

Note: Drive any formula that used in solution [10 Marks]
V,, =V2*220 = 311
4 2 ﬁzv inwt - dt Vi ( B)
=— - sinwt - dt = — (cosa — cos
dc 2?1_ « m T

311
180 = _n_(l —cosfp) => cospp =—-0.8
B =217°

311
160 = —n-(cosa +0.8) => cosa=0.8

o = 37°
p—a sin2a-— sinZB)
Vi V”‘\/( 2T 41
_ Vi _ 160 _ .,
T=yz T 21962 77
FF =L - 219.8 _ 1.am9s
TV, 160

RF = FF%2 -1 =94%



