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e The thyristor 7, 1s forward biased during the positive half cycle of nput
supply and conduct when suitable pulse applied on its gate w7 = .

e The thyristor 7, i1s forward biased during the negative half cycle of put
supply and conduct when suitable pulse applied on its gate wr=7n + o .
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Single-phase full-wave AC voltage | ss:¢
controllers with R-L load -

e Due to the inductance in the load, the load
current i, flowing through 7', would not
fall to zero at w7 = 7t , when the input
supply voltage starts to become negative.

Gate pulse of T,

e The thyristor 7', will continue to conduct
the load current until all the inductive
energy stored in the load inductor L 1s
completely utilized and the load current
through 7, falls to zero at wr =3 =
extinction angle.

T T
Gate pulse of T,

e B e

i

e The thyristor 7', conducts from o/ = o to . The conduction angle of 7 1s
0 = (B — a ), which depends on the delay angle a and the load impedance
angle o.
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Single-phase full-wave
AC voltage controllers

with R-L load

In case of B > t+a

The problem, when (T,) 1s fired at ot = nto ,
while (T,) is still conducting due to load
inductance, (T,) cannot be turned on. This will
result in asymmetric output voltage and current
waveforms.

The solution of this problem, continuous
gating signals with a duration of (7-o) should
be used . O

Another problem, when the current in (T,) falls
to zero, (T,) would be turned on. But a
continuous gating signal results 1in hlgh
switching losses of thyristors and requires a
larger isolating transformer in the gating
circuit.

In practice, a train of pulses with short
durations, are normally used to overcome these
problems.
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Waveforms of single phase full wave ac | seee
voltage controller with RL load 33

In case of (a < @)

e The load voltage and current can be
sinusoidal if the firing delay angle (o) is
less than the load angle (o).

In case of (o> @)

o If (o) i1s greater than (¢), which is
usually the case, the load current would
be discontinuous and non-sinusoidal.

e In discontinuous load current operation
occurs for o > @ and < (7 +a )

1.e., (B —a ) <m, conduction angle < .

Waveforms of single phase \Q

full wave ac voltage controller
with RL load for a > ¢.
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Analysis of Single phase full wave eooe
AC voltage controller with inductive load | ss2¢

The load current i, (thyristor current i)

ve =V sin @t |]|]|:> instantaneous value of the input supply voltage

e Assuming that thyristor (T,) is triggered at of =a , The load current which flows
through the thyristor 7', during of =a to B can be found from the equation:
di, : :
L {E}+le =V_sinat

e The solution of the above differential equation gives the general expression for
the thyristor (load) current, during this period, is in the form:

R 2 =
lo=1n= ?mi'm (mf - ¢) +A4e’ | Where ¥, =+/2V, = maximum or peak value of input supply voltage.

Z=\R*+ (&L }: = Load impedance. ¢ =tan"" [%] = Load impedance angle (power factor angle of load).

L .
r=— = Load circuit tune constant,
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Analysis of Single phase full wave ceces

AC voltage controller with inductive load | eeee

The value of the constant 4, can be determined from the initial condition. 1.e. initial
value of load current i, = 0, at wf = o . Hence from the equation for /, equating i,
to zero and substituting wz = a

—

ig=1Ip = %’“5i11{m.“—¢)+1413 L

-R, Rlz)r_
Therefore Ael = |][||:> 4 =e® {_m sin (‘I - '?5]}

Substituting the value of constant 4, from the above equation into the expression
for i, , we obtain

R
\' —(wm UIRY
Ip =iy =?m3iﬂl:mt—|;ﬂ} el {— sin (a— .;p}} |]|:> Where a <ot <

A2V

Ip =Ip =

{3111 (et —g)—sin (u—:;a::}e:_{wm_!)}
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Analysis of Single phase full wave EEEE'
AC voltage controller with inductive load | ¢5°

Calculation of the extinction angle B

e The extinction angle B , depends upon the load inductance and is defined as the
value of wt at which the load current i, falls to zero and 7 1s turned off, and it can
be estimated by using the condition that i, =0, at oz =3

3 Vm . —[,H—:x]
1G=U=?{sm(ﬁ—;ﬁ} 5“1{5*' Ef’ e } |:> A&—#U we can write

Ry , . X g-a)
[sm(ﬂ—gﬁ]—am(w—;ﬁ)emw j}=[ﬂ |]|]|:> 5m(ﬁ—¢]=5m{{r—gﬁ)e@£ﬁ

e The extinction angle B can be determined from this equation by using the iterative
method of solution (trial and error method).

e In the exponential term the value of o and 3 should be substituted in radians.

e After B is calculated, we can determine the thyristor conduction angle 6.
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Analysis of Single phase full wave eoee
AC voltage controller with inductive load | sss:

Conduction Angle &

e After B is calculated, we can determine the thyristor conduction angle o.

0=(p—a)

e Conduction angle o increases as o is decreased for a known value of .

e Maximum thyristor conduction angle 6 = (p — o ) = m radians = 180° for a <¢.

e In case of a > ¢, the type of operation will be discontinuous load current, and we
get B < (m +a), and greater than © radian or 180° . Then, the range of extinction
angle f3

<P <(m+a)
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Analysis of Single phase full wave
AC voltage controller with inductive load

RMS Output Voltage

Vo :\/ ilj% Visinlmt.d(ﬂ}

21

®

sin 2o smlﬁil

o= el 6" z

The Average Thyristor Current

Triog) = ZIE [f T d{mﬂ]

sin (@t — @) —sm (o —@)e d(et)

R @o-n
— (&7 & -
v f L

o
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Analysis of Single phase full wave
AC voltage controller with inductive load

RMS Thyristor Current I:r( RMS)

2
]- r *\EV Ea.a—t
fnm:JLHH ;{sin(ex-w)-sin{u-m)el‘ ﬂ d(t)

V R

5 —(el =)

2
- s [ 4B

RMS Output Current
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Ex .3: A single-phase full-wave AC voltage controller supplies an RL 00

load. The supply rms voltage is 120 V, 60 Hz. The load has R=2.5W and cces
L=6.5 mH, the firing delay angles of thyristors are equal: a,= a,= w/2. ::'

O
Determine:

(a) the conduction angle of the thyristor T,
(b) the rms output voltage

(¢) the rms thyristor current

(d) the average thyristor current

(e) the rms output current

(f) the input power.

Solution
Vg=120V f=60Hz R=250 L=6.5mH oy = o = 90°

¢ = tan! (L/R) = tan"! (21x60x6.5x1073/2.5) = 44.4°

@ conduction angle of the thyristor Ty

6=(p —a)

e In order to determine the conduction angle o, firstly, we must find the extinction
angle B from the given equation
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sin( f—¢)=sin(a—-g¢)

e By solving this equation numerically using trial and error method , and because
o > ¢, the extinction angle () can be determined with the given range

<P < (m+a) un:> B = 220°

Then, =P — o =220°—90° =130°

@ rms output voltage

T——

V11 B sin 2 sin2f
Yo __2\/;[{'3 = 2 }
1

VO {(ﬁ )+ s1n2a s11122[5}]

1
V = 120{1{(220—90)+ s ;X%—Sln ZXZZO}] 2 _90.25v
T

0 2
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0 rms thyristor current

I = E ]_I% . .
T(RMS) 7 Al =[ysin(et—@) —sin(o—@)el
T
o

2

E{a. =)

d(c)

O average thyristor current

- B — e/ w-1)
I I' _ m = - mt_ _ . _ d E’H
Tie) =3z {i, sin (ot — @) —sin (o —o@)e (ct)
e rms output current
IQ = 2 ITI:I'IIIE:I
e input power factor
P
PF=_2¢
VA
P,=I xR VA=V, xI
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Harmonic analysis of output |2t

voltage and current with RL load| 32::

rms output voltage

]

rms thyristor current

rms output current
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Harmonic analysis of output voltage | ss::-
. 0000
and current with RL load °s¢
The fundamental component of load voltage
_ Vm
a, = E[cos 2a — cos 23] PR
1 b1
Vin . .
b, = Elz(ﬁ — @)+ sin2a — sin2f5]
The "th component of load voltage
_Vmfcos(l+n)a—cos(1+n)f cos(l—n)a—cos(l—n)p
“'“‘n{ d+n * a-n } -
O = tan 1 =
bn
b — Vin fsin(l -n)f —sin(l —n)a sin(1+n)B —sin(l +n)a
"_ﬂ'{ (1-n) (1+n) } 3 57
n=3,5"7, «ccc..... ,
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Harmonic analysis of output voltage and | sss.
current with RL load

The RMS of load voltage from Fourier series

= V‘+V=+ + Vi

ﬁ

Vm {sin(l -n)f —sin(1 —n)a _sin(1 +n)p —sin(1 +n) a:}
(1+n)

\
’
L> ’a; + b3
Ven = > Von
\
a, = —[cos 2a — cos 28] b1=§—;‘[2[8-a)+sin2a—sinzﬁl
_ taq-1 %1 |
Y, = tan b,
_Vmfcos(Q +n)a —cos(1+n)f cos(l—n)a—cos(l—n)f
“n =T T+n ¥ a-n }
Oy = tan 1 20 bn = a-n
bn




Harmonic analysis of output voltage

and current with RL load

The RMS of the load current obtained from Fourier series

Ia=

s

V
I} =é

|

Z, = JR?* 4 (wl)?
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Harmonic analysis of output voltage and
current with RL load

Active power

P = Vifl Cuswl - Q‘Jl)-l- V:f: CD!(‘&: - fp,)-l— . +Vﬂfﬂ cus(ﬁn - ‘Pﬂ)

P=I3R

P=(Uf+I;+-.+ IR

Reactive power

Qs = V41, sin(@,; - @,)
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