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For the following circuit V, =110v2sin(wt) . The waveforms of the variables V,,
V., i, , Vachave to be drawn. Moreover, the followings have to be calculated:

l. The mean value of the output voltage
Il.  The RMS value of the output voltage
Ill.  Both mean and RMS Value of the output current

V. Power Factor
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V, = 110\/§sin(03t) R §




EXERCISE 1

Solution

The waveforms of the variables of the circuit are:
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The mean value of the output voltage is V, =£L V, (t) doot
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* Both mean and RMS Value of the output current are:
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Active Power

|\/. Power Factor=
’ Aparrent Power

1102
2R

110 VA

Input Apparent Power = 1;\70 =

If we assume, that there are no losses in the circuit then we can write:
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Active Input Power= Active Output Power, so:

=1'R
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( )

Watts




EXERCISE 1

Finally:

(1102 )2

Power Factor =

AR
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=—=0.707
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In the following circuit, the switch SW turns on at time t=0 and turns off at time
t=10 msec. At time t=0 the i; = 0. The waveforms of the variables i, i; have to
be found and drawn.
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EXERCISE 2

Solution

When the switch SW is closed at time t = 0 the diode is inversely polarized and
the current i; = 0. Therefore, as soon as the switch is closed (which may be a
semiconductor element), the following equation can be extracted:

Lﬂ+Ri=100 —

dt
di,R,_100
dt L L (1)
i= Transient component + Permanent (DC) component (2)

The permanent component of current: . _V a)
R



* The transitional component of the current i is given by the solution of the
homogeneous differential equation resulting from (1) and is:

_(R
Transitive component = Ae (B (4)

* Therefore, the relation (2) becomes:

EXERCISE 2 LV 5)

* At time t = 0 the current i = 0 and so, from relation (5) it follows that:
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* Therefore, the equation (5) becomes:

V -
i=——e (%)t+!
R R

Y _
=E(1—e (%)t)

=100(1—e ")

* At time t = 10 msec, the current i is equal to:

i=100(1—e ') =63.2Amps

* So, the output voltage is:

V, =100 Volts

(6)



* After turning off the switch (t = 10 msec), the diode starts to conduct due to the
reverse voltage that appears at the terminals of the coil and its current decreases.
Consequently, in this case the following equations can be extracted:

iy =1, (7)

i=0 (8)

dt (9)
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* where, t'=t+10msec
* The solution of the differential equation (9) is given by the relation:

=i =Ae U (10)

* Attime t" = 0 the Currentis: j, = j, = 63.24Amps
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 Therefore equation (10) becomes: i =i, _ 63.2e 100t
* When the switch is OFF, the output voltage is: V., =0Volts

* The waveforms of the circuit are the following:
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EXERCISE 3

For the following circuit, the switch sw is on, when time t=0 and switches off
again, when t=100 usec. When t=0, V;=0. The functions of both the variables
i and Vg have to be calculated. Moreover, draw their waveforms
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EXERCISE 3

Solution

When the sw is on, then the following relationship can be extracted:

1
1m:6ﬁd+%whﬂkz

Solving the differential equation, the transitive current can be extracted
component as follows:

iy =A e_(é]t

The permanent current component i.is equal to zero, because when t tends
to be infinite and the circuit is in steady state the current of the circuit
becorrlljes zero (the capacitor is fully charged). Finally, the circuit’s current is
given by:

i = Transient Component +Permanent Component

i=m+k=Ae{“}+O=Ae{é} (1)



A is a constant, which it can be calculated via the initial conditions of the
circuit. In the beginning the capacitor is uncharged, so at the moment that
the sw switches on V(0)=0. So the following equations can be extracted in
time domain:

100 =V, =Ri 2)
o)=Y
i(0)= - (3)

Taking the relationships (1), (2), (3) into consideration the constant A is

EXERCISE 3 y

(4)

(4)—>(1), it can be extracted that:

~100 e 1" (5)
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For t=100 usec, the currentis i =100e " =36,8 Amps

1 ¢,
VC=E£|dt+vc(0)

_V j‘e_[é]t dt+V(0)
RC

0

But V(0)=0, so:

V= 100[1_(;[%}}

:100(1—e‘1°4t)

For t=100 usec, the voltage is V.=100(1-e1)=63,2 Volts



Taking the previous equations into consideration, the waveforms of the
current and Voltage are:
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For the following circuit are given v,=110+/2sin120mt , R=2Q and V=50 Volts.
The waveforms of the variables V,, i, i, , i, V, have to be drawn. Moreover, the
mean value of the output voltage and output current have to be calculated.

EXERCISE 4
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VAK

i 20
Solution @}S Ve
The waveforms of the variables of the circuit are : 1
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The angle a where the diode conducts is given by the equation:

1102 sina.=50 <

oc=sin{ >0 }=18.75° 1)

11042

Moreover, the extinction angle of the diode is given by the

equation:
B=m—a
Ci=lo =180° —18.75°
—
=161.25° (2)

+
I’ 20

50V




. — ]_ 2n
* The mean value of the output voltage is V, =2—IO V,dot
I
1 o B n
=—“ 50dcot+_[ 110x/5$incotdcot+_[2 50dc0t:|
27[ 0 a B

- zi[sw ~110+2 cosp+110v/2 cos . + 50(2m) - 50|
T
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1
= 2—[50(0.17:) +294.62+50(27) — 50(nt — 0.17)]
Y

_ 483.62
2T

=76.9Volts




* From the circuit it is concluded that :

V, —2i, —50=0 <
~ V, =50
Iy = >

Finally:

The mean value of the output current is:

EXERCISE 4

T _ V,-50 76.9-50
) 2
=13.45Amps




For the following circuit are given V, —110+/2sinwt , w=377 rad/sec,

R=10Q and wL=10Q.

The switch SW turns on at time t= 0. The waveforms of the variables V, iV, ,
V, have to be drawn. Moreover, the followings have to be calculated:

. Both mean and RMS value of the output voltage

Il.  Both mean and RMS value of the output current i

EXERCISE 6 sw - |

© Vak
1000
l wl=100




V, =110+2sinot

Solution

When the switch SW is on at time t = 0, the diode will conduct and therefore
the following equation can be extracted:

Lﬂ+Ri:Vs<:>

dt

i R. 1102

ﬂ+—i: 0\/—sinoot ()
dt L L

i= Transitive component + Permanent component
=iy +i (2)
i =Permanent component

B 100+/2 sin(ot — ) (3)
) v

1002

wlL=100



* Where, o¢=tan™ (%L) = tan‘l(%) =45°

Z| =R + (L)
=+/10% +10°

=14.14Q

EXERCISE 6

The transitional component of the i current is given by the solution of the
homogeneous equation resulting from (1) and is:

i = Transient component

—pe ()




Therefore, substituting relations (3), (4) in (2) it follows that:

11042 .

2 _
sin(mt—45°)+ Ae (e
14.14

— 11sin(wt—45)° + Ae 0" (5)

Using the initial condition, where at time t = 0 the current i = 0, the constant
A can be calculated from the relation (5)

EXERCISE 6

i=0—>
11sin(—45°)+ Ae® =0
A=11sin(45")=7.78




- Therefore, the relation (5) becomes:

“(R o
i=11sin(ot—45°)+7.78e Vol

=11sin(ot—45")+7.78¢ ™  (6)

When the switch is on at time t = 0 or at angle wt = 0°, then it can be said
that the firing angle of the diode a = 0°. But it isn’t known the extinction

EXE RClSE 6 angle B, where at this angle the current becomes equal to zero. Using
equation (6) and setting the condition i = 0 for wt = B, the extinction angle B

of the diode can be calculated as follows:

=0
11sin(B—45°)+7.78e P =0 <
sin(—45°)=-0.707e "’ <
B=225




 consequently, using the above equations the waveforms of the
circuit are the following:
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* From the above waveforms eventuate the following :

. Mean value of the output voltage V, =2i LG V, dot
T

(—cos cot)|z25

11042

2T

1102

2 (—cos(225°)+ cos(0%))
27

EXERCISE 6 =42.26Volts

~ 1 2w %
RMS value of the output voltage Vv, =[2—L Vozd(ot}
T

225 %
:{ijo (110\/Esinoot)2dcot}

2T
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_{110 Jzzsl—coszm 1

dot
T 70 2 ]
_ . -1
110° sin2mt | ,,e 4
=l ot— I

m a2 T - : Y
B 110 1.2571_0_sm2.5ﬂ:_|_smO
i 21 | 2 2
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Mean value of the output current i

— 'V, 4226
|, =—=——=4.226Amps
R 10

RMS value of the output current i

~ V. 81.24
_Yo 8124 =8.124Amps

|
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EXERCISE 7

For the following circuit, V, =V, sin(ot)

The following variables V, i, is, i1, Vaw Vs ip; have to be drawn. Moreover,
the mean value of both output voltage and output current have to be

calculated.

V, =V, sin(ot)
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Vs=Vmsin(mt)@ E N, AN
Solution N: g
»I

The waveforms of the variables of the previous circuit are: o,
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| |

N, D1
PR

VAK

Solution Vs=VmSi"<mt>@ g N

So they can be extracted the followings: N g
>
Mean value of output voltage: o
2n
Vv, _1 V. dot
21
1§ N
=— |V,,| =% [sin(mt) dot
71:;[ m(Nljsm(m) ®
EXERCISE 7 — V_mj(&)(_cos(mt))g
T 1




For the following circuit are given: R; = 1kQ, R, =5 kQ,R; =300 ().

The thyristor requires forward voltage V;r = 1.2 Volts between the gate and
the cathode. The value of voltage V; that is required has to be calculated, that
the firing of the thyristor has been ensured. Moreover, both the power that is
consumed by the thyristor and the power that is consumed by the resistor
R; have to be calculated, if the voltage drop at the terminals of thyristor when
it conducts is Vi = 1.5 Volts. It is given Vy = 24 Volts.

EXERCISE 8 WA "

. R3

1kQ

> | Vax t
* R, 35@1 ‘G

© Ver 24V




EXERCISE 8

Solution

AAA
vy

1kQ

From the above circuit it turns down that:

R
Vo =—">V &
R; +R,
R 1+5)kQ2
V=—2—V_ _(LFSlkQ 1.2Volts =1.4Volts
5kQ

R, +R

2

The current that circulates in the external circuit of thyristor is:

V-V, _(4-L5Volt .
R, 3000

Power that is consumed by the thyristor =

=V, -i=1.5-75-10" =0.1125 Watts

B Vﬂ



Power that is consumed by the resistor R5 =

=i*-R, =(75-10")* -300=1.6875 Watts

EXERCISE 8




The V-I characteristic of a thyristor is given by the following waveform:

V-l Charateristic

X: 2.1
Y: 60

60 fmm - m— mm mm mm mm e mm mm mm = e e = A

|

50 |- I

|

EXERCISE 9 |

g 30 :

= 20 - I

|

10 - I

|

o | |
0 05 1 15 2

Vg (V)

The mean value of power losses of thyristor for the following cases:



EXERCISE 9

Solution

According to the above characteristic, for any current, which flows through
the thyristor, the voltage in the terminals of thyristor is given by the following
equation:

1.1
V,, =1+—i
AK 60

| | | For current i=23 A, the voltage V,is:

1.1
VAK =1+ 523 =1.422 Volts

So, the mean value of power losses of
thyristor = 1.422 * 23=32.71 Watts

L
0 3.1416 6.2832
wt
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IA=18 A

20

EXERCISE 9

10 -

0 3.1416 6.2832
wt

The current that flows in the circuit is given by the following equation:

i=18msin(mt) for 0<ot<m




EXERCISE 9

: 1 pom .
So, the mean value of power losses of thyristor = IO V,, idot
T

1 (on 1.1 . .
= jo 1+ 8 msin(@)) (18msin(et))dot

1 ( ¢n ¢ 1.1*(18m)
=— j (18nsin(cot))dcot+j Jsinz(mt) dot
21| Y0 . 60
1 1.1*(18m)’ i
=—| —187 cos(mt) |7 + 18n) fot_sinloy lo
27 60 2 4
1 1.1*(18n)’°
=—1/| —18m cos(n)+18m cos(0)+J T
27 60 2
% 2
~ 1 l1gnr1gn BT IBT (T
27 60 2

=32.66 Watts



| 39.6 Amps

IAA]
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0 3.1416 6.2832
wt

: 1 ¢,
So, the mean value of power losses of thyristor = _fo V, idot
TT

1 = 1.1
N 1+—39.6) (39.6)dwt
- jo( —396)(39.)
1 1.1
=—(1+==-39.6) (39.6)n
27 60

=34.18 Watts
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V. 451 48.5 Amps

0 3.1416 6.2832
wt

. 1 c2m
So, the mean value of power losses of thyristor = _fo V, idot
TT

1 1.1
(1 ——48.5) (48.5)dwt
275 60

1.1
=—(1+==48.5) (48.5)21/3
2( oo 185 (48.5)

=20.4 Watts



The thyristor of the following circuit has a holding current value of 50 mA. They
are required firing pulses of 50 usec width. It has to be proven that without
resistor R; it would be impossible for thyristor to switch to the conduction state
after the end of the firing pulse. The value of resistor R; has to be calculated to
ensure the conduction of the thyristor. The voltage drop of the thyristor (it is the
voltage at thyristor terminals when it conducts) to be considered insignificant.

EXERCISE 10 1 gy
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EXERCISE 10

Solution

Without the resistor R; , the current of thyristor increases exponentially and
is given by the following equation:

i=I(1—e ) =
Rg 28
Where, . C.) o5
I=%=5A
and 7
0.5 e

1=——=0.025sec
20Q

Therefore, after 50 usec from the beginning of thyristor’s operation, which is
the end of firing pulse, the current that flows through thyristor is:

50107°
i=5(1-e 4025) =10 mA



Therefore, after the end of firing pulse, thyristor’s current would not be able
to reach the holding value of 50 mA, thus it would not be able to transit in to
conduction state. By adding the resistor R; this problem can be avoided,

because resistor R; absorbs a current 100/R, [A] from the input source. In
this case:

Vv
i=E:(50—1O)2 40 mA

100

EXERCISE 10 R= o 5525k




EXERCISE 11

For the following circuit, are given:

-V =220+/25sin(wt)

* R=1Q Vi ’\)

- Firing angle a=m/10

The followings have to calculated:

N

*t VAK

Vo=VR

|. Mean value of the output Voltage
Il. RMS value of the output voltage
Ill. Both mean and RMS value of the current

|\/. Power Factor

R



* VAK

Solution .
vi @ Vo=VR § R

The waveforms of the above circuit are: -

200/ | ]
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From the above waveforms, the followings can be extracted:

. — 1 2w
|. The mean value of the output voltage is V, :2—_[0 V,(t) dot
T

1 ¢ a
= 220\/§sm(cot) dot +|l
2T
220\/_ w

EXERCISE 11

(—cos(ot) [} Vi@ *

Vo=VR

220\/—

2T

(—cos(m) + cos(mt / 10))

=98.3 Volts

1/2
'I. RMS value of the output voltage V., =[2ij;nvoz dwt}
T
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1/2
:{ ! I (2202 sin(ot)? dcot}

2mon
1/2
_110\/—{ jn 1- cos(2cot)d t}
/10 2
I sinQot V2
—2202 —( ¢ Sind ))|n,10}
47

=220\/— _i (Tt—i_ sin(2m) N Sin(n/g)):|1/2

4T 18 2 2
=155.5 Volts

Ill. Mean value of the output Current

7=
|

=&1'3=98.3Amps

t VAK

Vo=VR § R
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~

V,

0

~ 155.5
RMS value of the output Current I, =—"=——-

P

I\VV. Mean value of the output Power
P (t)=V,(t)i,(t) > instantaneous output Power

1 2n
P =— V_(t)i_(t)dot
by ¥ L (i, (t)
1 ¢n
== [ (2202sin(wt)? dot
27'c /10

220° ¢«
= OI sin*(mt) dot

/10

T
220° ;= 1-cos(2mt)
n L/lo 2 dot
220° sin(2omt), .,
"o Ty M
220° n  sin(2n) sin(w/9)
= (m——-— + )
21 18 2 2

=24172.8 Watts

=155.5 Amps

* VAK

s

Vo=VR § R




Both the RMS value of the power and the mean value of the power are
consumed on the resistance of the load R. Moreover, the RMS value of the power
can be calculated by the following equation:

P, =R’

=1155.5
=24172.8 Watts

.
EXERCISE 11 V. Input power factor = a;;at/:nlzzvc\:\i/rer

apparent power =V, I.

If it can be assumed that there are no losses, then:

P, =P, —>RMS value
So:
24172.
= 8 =0.71

PF =0.
34210




For the following circuit, firing pulse is given to thyristor at angle a. The
waveforms of the variables V,, V,, i, have to be drawn. Moreover, the
followings have to be calculated:

(0]

. The RMS value of the output current
Il. The mean value of the power or active power

IIl. The input power factor

EXERCISE 12 {Q>( -

f'\J V; = V2V, sinwt R




EXERCISE 12

Solution

The equations of load current and output voltage are the followings:

KI“ B x/EVmsina)t
° R R
V, =V IF =2V_sinotl®

g
I(’l

1
~ 1 2w, A
The RMS value of the output currentis: 1, = —I ip doot
2770
%
1 o V2v,sinot | |”
2mYe R l,: p —

B 2 %
1 =2V, (1-cosmt
= I ; dot
| 2m°* R 2

Vi =2V, sinwt

2
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1
V2 sin2m  sin2a %
= ~| m—a— +
2nR 2 2

2 , %
={ V. : (Z(n—oc)+ sm2aﬂ
4nR 2

A {2(n—oc)+sin20c }%
2R

T

: : 1,7
|. The mean value of the power or active poweris: P, =?J'O P, (t) dt

Where, P,(t)=instantaneous output pow: a f

Vi =2V, sinwt
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1 (on .
%=EEL\umnumnmm

2m Y
1
2R "

1 ¢n 1- 2
—| 2V cos 2ot dot
21R Ja 2

V? sin2mt )
o ot— 1>

[ 2V? sin*(ot) dot

1 n(\/EVmsin(ot)(\/EV’“:nwtjdmt

>

21R 2

V2 sin2m  sin2c )
T—0o— +

2R 2 2

VZ sin20c)
T—o+

21R

V2 .
pas I:Z(TE—OL) +sm20c:|

V; =2V, sinwt




The active power value can also be calculated from the following equation:
P =12-R

V2
AR

[2(n—a)+sin2a |

EXERCISE 12 |, Finally,  Power Factor — .nPut active power

apparent power
Q A_r g
—
PO

V2 _
47’E“R|:2(Tc—oc)+sm2a:| v V3 sinot - §

=(ﬁvm)_[Vm(2(n—a)+sin2aj%]

<
O—l

2R T




_ Vp2RVm[2(m- o) +sin2o

V2V2 4nR[2(m— oc)+sin20c]%

\/_[2 T— a +sm20c]/

EXERCISE 12 =
Cr\gmﬁvmsmm R § o




For the following circuit, firing pulse is given at angle a=60°. Moreover, are

given: V, =\/§Vm sinmt V,, =220 Volts, oL =1Q

The waveforms of the variables V,, V, , i, have to be drawn. Moreover, the
followings have to be calculated:

. Both mean and RMS value of the output voltage
II.  Both mean and RMS value of the output current

IIl. The input power factor

EXERCISE 13

V= \/EVm sinwt




EXERCISE 13

Solution

When the thyristor conducts then the following relationship is valid:

V.=V, =
Y2V sinot el
dt
. ig
Therefore, 0 Q .
—
AAAS
. + - + -
ot
io((y)t)=tj \/EVmSinCOtd(Dt © Vax Vi =V
- 2y, [—coscot If;’t]
ol V; =2V, sinwt

J2v,

[coso—cosmt]
oL




From the above relationship it is found that for wt = a then i = 0. Moreover,
for wt = m the output current is maximum. Therefore, the conduction angle
of thyristor is:

B=2n—0=360"-60"=300°

Vv, =J§vm sinmt
for a<ot<f

EXE RClSE 13 The output voltage is given by the equation:

. i a A i
0
VO =\/5Vm Ssinwt —b m/ L
WA
+ - + -
N VAK VL = Vo

for a<ot<f
@ V; =2V, sinwt




. - iG
L] lﬂ Q
— L
VAANS
+ - + -
© Vak V.=V

V; =2V, sinwt

The waveforms of the variables of the circuit are:

400~

200
0

Vi [V]

400
200
0
-200
-400

lo [A]

400
200
0
-200
-400

Vo [V]

-200{
400t

0
0
0

3.1416
wt



From the above waveforms, the followings can be extracted:

Mean value of the output voltage:

1 21—0
= ZZOﬁsinwtdmtzo

_Zn“

EXERCISE 13

%
RMS value of the output voltage: v, =[irnvjdmt} i
2710

. " iG _ 1
] Q 1 ¢p 2 A
= D( X =5 [ﬁvmsinmt] d@t}
+ - +\.MAJ__ 27 o
© Vak V=W - A
1 B 1—cos2mt 2
- — 2V:1 ﬂ dot
- | 21 2
V; =\/EV sinwt 1
f'g l " | Vaf . sin2et p &
|27 2 *




=[V_§(B_a_ sin2P N sin20cj }%

2n 2 o

— 1

Vnz]( sin2(2mt—a) sin2aj 2
=| | 2n—o—a +

|27 2 o

V2 %
= z—m(2n—2a+sin2a)}
TU

— 1

an( sinZaj}A
=| ™ t—o+

T 2

Q : iG B 2/ %
L 2 sin{ <™t
220 ( )
+D( VA _ n_X,_\/3)

T 3 2

=197.25 Volts

f\) V; = V2V, sinwt




Mean value of the output current:

1, =i Ozniod(ot
_ 1 J‘B \/EVm
2ne ol
v T
" 2nwlLl

V2

B 2ol -

[coso—coswt] dat

jfcosocdcot—jfcos ootdcot}

(cosa)(B—a)-sinmt Ig]

J2v, -
QD(% L B 2ncoL[(COSG)(B_Q)_S'nB_S'”O‘]
+’ Vax - ' v, =V, - Z;/EC\O/T [(Cosa)(Zﬂ_a—G)—Sin(ZTt—a)+sinoc:|
:zzzof [cos(154) (27254 ) - 2sn( 54|

V. =2V sinwt
rg i \/_ mSlnC{} _ 189.5 Amps




RMS value of the output current:

) . 2
l, = [ijj ic dcot}

21
S P
:[ij‘ﬁ {\EV"‘ (cosa—cosmt)} d(ot]
2r | ol
[ V B &
= n(o:L)z L _(cosoc)z —2(cosa)(cosmt)+(cosmt)z}dwt}

EXERCISE 13 S _ 4
v _(cosoc)z (ot)l —2(cosa)(sinwt) +%(cot+ smswtj Iﬁﬂ

1

{ Va ; L[: {(COsa)z(Zn—a—oc)—2(cosoc)[sin(2n—a)_sina]+%(ZR_OL_(Hsinz(zn_;)_sinmﬂ] A

. =
"l Q ¢
—_ L
VAAAS
+ - + -
© Vak V=W
@ V; = V2V, sinwt




f\) V; =2V, sinwt

|V [(cosa)z(275—20c)+4(cosoc)(sinoc)+1(2n—20c—sin2a)}%
- Tc(coL)2 2

V _4(cosoc)2(n—oc)+4sin20c+2(7c—oc)—sinZoc] 2

ol 27

— 1

V 2(1t—0c)+[2(cosoc)2 +1}+3sin2a

ol 27

The power factor of the circuit is equal to zero because the input active
power is equal to zero. This is a purely inductive load.



For the following circuit are given: v, =240+/2 sinwt ®=100m rad/ sec

firing angle oo =60 and V. =100 Volts

The waveforms of the variables V,, V,, i, have to be drawn for the following
cases:

a) Ohmicload R=100Q

b) Purely inductive load

c) Ohmic-Inductive load R=10 Q wlL=10 Q

EXERCISE 14 .




EXERCISE 14

Solution

a) For the above circuit, attention must be paid, if the firing angle a of thyristor is

before or after the angle y at which the output voltage has the same value as the
voltage V. , therefore:

V=V,
2404/25in(y) =100
._{ 100 }

Y =sin <

2402

v=17"

Because the angle a is greater than the angle y, thyristor conducts to angle a =
60° and turns off at angle B (when the input voltage becomes equal to V).

Therefore, during extinguishing:
V=V.&
24042 sinp=100<

B=sin{ 100 }3
2402

B=17 or =163




From the two values obviously B = 163° is chosen. The required waveforms
of the variables of the circuit for ohmic load are:

200 100V

Vs [V]

-200 —

R 0 3.1416 6.2832
400 T =
200 |- r\ |

S 0 | T
o B | | _
> [ I
200 |- | I .
| |
-400 = | | | -
0 | | 3.1416 6.2832
| I wt
| |
l t
| |
20 | —
| |
= |
ke a m-N
20 -
|
0 3.1416 6.2832
wt




b) When thyristor conducts then the following equation can be extracted:

V=V, o

di
ﬁvm sinot =V, +Ld_l'(c)

Therefore,

EXERCISE 14

i, (ot)= ij.:t\/ivm sinwt dot — ij‘;tvc dot

Il cosant - ey ]
J2v,

== [coso—cosot] —ﬁ[mt —a




From the above relationship it is found that for wt = a then i = 0. The
maximum current value shows up at the angle wt, where the following
eguation can be extracted:

EXERCISE 14 v,

sin(ot) = v

C &
2V

100
2

2402

oot:sin'l[ } or ot=163°




The waveforms of the variables of the circuit are:

200

Vs [V]

-200
0 3.1416 6.2832
wt
400 F =
I { 4 S |
% 0 I i
= [
-200 | .
| | |
-400 & ! | Ly =
0 I I 31416 6.2832
| et
| | |
' |
. |
[
20 | 7
- ' |
s I
o ° a b
20 -
|
0 3.1416 6.2832




c) The current of the above circuit for ohmic-inductive load is given by the
equation:

V. N2

7 stor-o)-

fora<ot<a-+y

0

(a-o)
+Be %”4’}

cos®

EXE RCISE 14 Where,

¢ =angle of current shifting

_1_03L}
=tan —
" | R
E L 10
- D( u.:.u— =tan™’ —}
T v _10
. —45°
@ . :/0 " Ve § R o, = firing angle of thyristor =60°
- - Vi =2V, sin wt |
| o
)
_/



EXERCISE 14

'iD

—_

+ +
m - f/(] . VR g R
-V = V2V, sinwt )

- ig
Q
L
VAAANS
R [ oy
+

|

O
N

V, 100

3

sm=——t¢ - 0.
24042 2402

—>B=

cosd

 c0s45’

—sin(o.—o)

—sin‘1(60° —45°)=o.165



EXERCISE 14

+ +
v Vo
o V; = V2V, sin wt l

. e
- I'D Q
- L
AN
. + -
i Vak [ W

V§

+

O
N

Therefore, i =

=24

(%—mt)
240*/45 sin((ot—45°)— 03 . 0.165¢ 4‘45"

cos45’

2o
sin(cot—45°)—0.42+0.165e( ’ %'4?

:sin(cot ~457)-0.42+ 0.47e“’°‘}

fora<ot<a+y

From the above equation for i=0, the extinction angle B of thyristor is:

B=202°

Therefore, the conduction angle of thyristor is:

Y=B—0=202-60=142"



EXERCISE 14

r—
Y

+
% N V(]
ol V; = V2V, sin wt I

The waveforms of the variables of the circuit for this load are:

Vo [V]

VAK [V]

200
0
200 (- /
| |
0 3.1416 6.2832
wt
I
il /"—_\ |
0 T T
| |
20 | | | -
0 ; 3.1416 ; 6.2832
| wto
400F t T t =
|
200 | | -
0 | |
|
200 | -
400 &= | L ] =
0 | 31416 | 6.2832
| wt |
| |
400~ | f | ]
200 I | _
0 /\ | ’
200 2 v
-400 | —
0 3.1416 6.2832
wt



EXERCISE 15

For the following circuit the RMS value of the output voltage is 240 Volts and
grid frequency is 50 Hz. If the voltage drop at the thyristor terminals is
considered negligible and the firing angle of thyristor is a = 70°, the
followings have to be calculated:

a) For purely ohmic load R=10 Q, the waveforms of the variables V,, V_, i, ,

V,« have to be drawn and both mean value of output voltage and output
current have to be found.

b) For purely inductive load L=0.1 H, the waveforms of the variables V,, V_, i

o’ o

, Vo have to be drawn and both mean value of output voltage and output
current have to be found.




Solution

a) For purely ohmic load the waveforms of the variables of the circuit are:

400 |
=200 / ]
2
>0 /

sk |

0 31416 6.2832

EXERCISE 15 — :

4=
0 3116 62822
uit
40— | i
- 00— r\ -
¥ -
=20 -
40 |
0 31416 6.2832
wt
4007 |
E 200 /_—\ ]
v 0
40k |

0 31416 6.2832
wt




Therefore, from the above waveforms it follows that:

— 1 2n
Mean value of the output voltage V, = 2—_[0 V, dot
T

- L "240+/2sinot dot
21
= 24()\/E(—coscot IZ)
27
= 240\/E(—c057c+cos70°)
EXERCISE 15 v
= 2420n 2 (1+0.34)
=72.5Volts
Mean value of the output current Iz%
=E=7.25 Amps

1




b) For purely inductive load the waveforms of the variables of the circuit are:

400 |
=200 —
E‘ 0 \ /
2.0 | =
-400
0 31416 6.2832
wt
sk | \ | | J [
90 ’ | |
L - | | | | |
0 1 2 3 4 5 6
I wt I
I I
400 | |
2209— I B
o ' 1 |
>0 | | / -
400 !
0 | 31416 [ 6.2832
I wt I
4 | |
> A0 | |
¥ 0
400
0 31416 6.2832




Therefore, from the above waveforms it follows that:

— ]_ 2n
Mean value of the output voltage V, = 2—.[0 V, dot
T

1 n—o
= = [""2402 sinwt dot

B 2m e
=0 Volts

When thyristor conducts then the following equation can be extracted :

EXERCISE 15 V=V,

240\/Esinmt=L‘i—'E

o (0t) == [ 2402 sinotdot
° ot 7o

_240\2 (-

ot
cosot | )

oL
= 240\/5 (—cos ot+cos70° )

ol
24042
oL

(0.34—cosot)



At the angle wt=2n-a the current iy(a) = 0.
Also at angle wt=2n-a the current iy (2m — a) = 0.

Therefore, the extinction angle of thyristor is:

B=2n—a

— 1 2w
Mean value of the output voltage | :2_.[0 i, dot
T

EXERCISE 15 o

- 2o ol
24042

B 2ol

~240\2

B 2ol

e (55

=5.49 Amps

(0.34—cosot)

[Z(n—oc)cosoc—sin(2n—oc)+sinoc:|

I:(TE —a)cosaL + sinoc]




For the single-phase controlled rectification of the following circuit prove that:

a)The mean value of the output voltage is given by the relationship

J2v

V, =——(1+cosa) Volts ,where a=firing angle of thyristor,
T

b)The RMS value of the output current is given by the relationship

~ V|1 1 %
| =—| —|(m—0o)+—Sin2a Amps
: RH( 3 ﬂ i

EXERCISE 16

4 =3Vsina @ i -




Solution

For firing angle a and ohmic load, the waveforms of the single-phase
controlled rectification are:

-200 /
|

0 3.1416 6.2832
wt
\/Ev4oo F — | _
R 200 - /-\ /_\
% 0 Q1 and Q4 Q2 and 93
~ 200 Conducting Conducting |
-400 = | =
0 3.1416 6.2832
wt
\/EV400 F : _

i [A] P
8
| T
I
|
|
|
I
I
I
I
I
I
|
|
|
|

VAK1 [V]§|| <
N B

o

o




EXERCISE 16

Using the above waveforms the followings are extended:

a) Vv, =1r\/§Vsincot dwt=@(1+cosa)
mee m

2 A
b) L= ljn @sinwt dwt
noel R

%
V|1 1.
:E{;{(n—a)+§sm2aﬂ Amps



EXERCISE 17

For the single-phase controlled rectification of the following circuit the firing
angle of thyristor a=45° and the load is such that continuous conduction
mode is considered. The followings have to be calculated:

a)The mean value of the output current
b)The RMS value of the output current
c)The RMS value of thyristor current
d)The input power factor (pf)

iy
—
i t
IVAH - Qy 4 § - R=6520
© Qe
. is
—»
. VO 3 - L=10mH
@ r

V. = 115\/§Sin1207tt I(QB x-/Q‘; ( ) Vi = 55 Volts
*




Solution

For direct output current the waveforms of the variables of the circuit are:

200 [—

Vs [V]
o
/YE\
@]

I
o
%]

-200 [—

0 3.1416 6.2832
— wt
50 — |0
< oL
EXERCISE 17 e ’lQ2and@3 '« QlandQ4 5 Q2 and Q3
conducting | conducting | | conducting
% 1 3.1416 | 6.2832
wt
| |

|
Z
/

VAK [V]

0 3.1416 6.2832




Using the above waveforms the followings are extracted:

a) — 1 f225
Voz—j ) 1152 sinot dot
T 45
242115

T
=73.21 Volts

cos45’

EXERCISE 17

Therefore,

T \_/o _Vc
l,= R
73.21+55

6.52
=19.66 A




EXERCISE 17

b) o= P B+ Bt = D+

Where,

TO'Z =RMS value of the second harmonic component of output current

1, , =RMS value of the fourth harmonic component of output current

c><z -
IN)

Where,

\70,2 =RMS value of the second harmonic component of output voltage

‘Zo,z‘ =Measure of compoundresistance at frequency of the second

harmonic component



Z] =\/R2 +(20L)’

- /6.5 +(2-3.77)
=7.54Q

The amplitude of the n,, harmonic component of the output voltage is given
by:

n~

EXERCISE 17 Uy =Jar +07

Where,

S - 232v| sin(n+1)a _sin(1-n)a
- T n+1 1-n

242V _cos(n+1)oc ~ cos(n—1)o
T n+1 n—1




EXERCISE 17

Therefore, for the second harmonic component :

N[22 2
Vo, —\/a2 +b;

Where,

. sin(3-45°
azzzﬁ 115[ (3 )—sin45f}

T

=103.5(0.235—-0.707)
=46.86 Volts

cos(3 -45° )
b, =103.5 3 —cos45’

=103.5(—0.235—0.707)
=-97.5 Volts




EXERCISE 17

And V,,= \/(—48.86)2 +(-97.5)
=109.05 Volts

109.05
l,,=——2Y%=10.226 A

°2 " 754

Therefore,

~

I, =/(19.66)’ +(10.226) =22.16 Amps

—

0

c) TQ =RMS value of current of thyristor = =15.67 Amps

=



. actual or active input power
As it is known: pf = . PP
apparent input power

If there are no losses in the rectification, then:

actual input power=actual output power=

power consumed in the resistor —power supplied by the battery to the input source

EXERCISE 17

=12R-V_ 1,

=(22.16)" x6.52~55x19.66
—3202-1081
=2120.7 Watts

apparent input power =V x I_




It should be noted that the input current has the following waveform:

25

20 19.66 .

EXERCISE 17 '

-20 —

-25

3.1416 6.2832

Therefore, the RMS value is equal to 19.66 A and so:

apparent power=115x19.66 =2260.9 VA

21207
2260.9

Finally, pf =0.938




