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e AC voltage controllers are used to control the RMS value
of the AC voltage applied to the load circuit at the same
frequency.

e AC voltage controller 1s a type of thyristor power
electronics converter which 1s used to convert a fixed
voltage, fixed frequency AC input supply to a variable
voltage AC output with fixed frequency.
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Types of Thyrsitor control §§§‘

techniques :

1- On-off (integral-cycle) control technique

The thyristors are used as switches to connect the load circuit
to the AC supply (source) for a few cycles of the input AC
supply and then to disconnect it for a few input cycles.

2- Phase angle control technique

The thyristors are used as switches to connect the load circuit

to the input AC supply, for a part of each input half cycle and

then is turned off during the remaining part, by controlling the
phase (triggering) angle.
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Applications of AC Voltage eese

Controllers 5

(1) Light-dimmer circuits.

(2) Induction heating.

(3) Industrial & household heating.

(4) On load Transformer tap changing.

(5) Speed control of induction motors (single-phase
and poly-phase).
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ON-OFF

Control Technique




ON-OFF Control Technique

e The basic principle of ON-OFF (Integral-Cycle) control technique is
explained with reference to a single-phase full-wave AC voltage
controller circuit

.

AV,

~

)

[ =V, sin(aor)

e The thyristor switches (T, and T, ) are turned on by applying appropriate
gate trigger pulses to connect the input AC supply to the load for ‘n’
number of input cycles during the time interval (7).

e The thyristor switches (T, and T,) are turned off by blocking the gate
trigger pulses for ‘m’ number of input cycles during the time interval (t ).
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Waveforms of the ON-OFF :

control technique

Thyristors are turned ON at the voltage
zero crossings of the input supply.

Thyristors are turned ON during (t,,)
for two input cycles.

/R

LT A
L
Ny Vi
v, =V, sin(cr)

n = two input cycles

Thyristors are turned OFF during (t,)
for one input cycle.

m = one input cycle

The thyristor (T)) 1s turned on at the

beginning of each positive half cycle o e ]iﬂ%
by applying the gate triggering pulses
during the ON time (t,). igzl “‘ﬁ} pills

The thyristor (T,) is turned on at the
beginning of each negative half cycle,
by applying triggering pulse to the gate

Of (T2)9 during (ton)' Power Electronics Il
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ON-OFF control analysis ss2e,

For a sine wave input supply voltage,

‘ v, =V, sinwf =~ 2V sin ot ‘

Ve =RMS value of input ac supply = L. RMS phase supply voltage.

V2

If the input ac supply is connected to load for ‘n’ number of input cycles and
disconnected for ‘m’ number of input cycles, then

‘IEN:HHT

| topr =mxT | Where T =— = input cycle time (time period)

1
f

f = input supply frequency
toy = controller on time

t-— = controller off time _ _
OFF Tﬂ_ {rﬂ_,+rﬂFF]—[nT+mT:}
T,, = Output time period
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RMS values of output (load) quantities

The rms value of the load voltage

n
v =2 v
O | 27(n+m) 0

0.5
t Fy
. 2 0 RMS voltage ¥, =V N _y, |
sin ~ wt.d({cot) utput vollage Vo mgs if RMS s
J > ) = Vims)y [ T,

Where F;i rus) 15 the RMS input supply voltage = ¥

) = duty cycle

(m + n]
The rms value of the load current
\Y
]nzi (For a resistive load EL =RL |]|]|:>

The rms value of the load power

PD

—

2 2
VG ~ vag

LR R

“I*x R
o
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Input power factor sss.
00000

0000

P output load power B, : : : o

PF = P

VA input supply volt amperes - VI,

The input supply current 1s same as the load current I, =1, =1,

PF=V /V,=- K The rms output voltage and PF vary with /K

0.2 04 056 08 10

It can be seen that the PF is poor at the low values of K.
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The values of thyristor currents

The average value of thyristor current

Consider the waveform of the thyristor current

1

T

0

KI

m

I@y =

T

V
where I = ™ (maximum thyristor current)

L

The rms value of thyristor current

18

0.5
= !-Iﬁﬁm zmt-d{ﬂ‘“}:| |]|]|:> IT(rm&} = %"E

I =
T(rms) |:2 m(n +m) 0
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Ex .1: A single-phase full-wave AC voltage controller, is operating
using ON/OFF control technique, has a supply voltage of 230V (rms),
S0Hz, and a load resistance of S0€2. The controller is on for 30 cycles
and off for 40 cycles.

Calculate:

(1) the on and off time intervals, (2) the rms output voltage.

(3) the input PF.  (4) the average and rms thyristor currents.

Solution
V., =230V f.=50H=z RL=5[I.£7! n =30 m = 4()

Va=/2(230)=3253V T, - fl - ;_D — 0.02sec = 20ms

5

0) t, =nX'L =30x20ms = 600ms=|0.6scc

t g=mx T3 =40x20ms = 800ms =[0.8sec

ﬂ —
n+m 30+40

@) Duty cycle(K) = =0.4286

The rms output voltage v_=v_-/K =230x-/0.4285 =150.58 V
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\Y < <
o _l}{}_:-E _
3} = =—— =3.0124A

50

P =1

8]

VA=V,I, =230 x 3.012 =692.76

2 k2

X RL = 3.012 2 X 50 =45349 W

P, 45349

FPF =

Q) I,=Vy,/R; =325.3/50 =6.506 A

The average thyristor current

. _ My 0.4285x6.505
T@) = . = =

T TC

The mms thyristor current

I
6.505 x./0.4285
IT{ ) =?‘1JK — 3
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7 =977 = 0.655 or PF=-K =./04285 =

0.9 A

0.655

=(2.13 A
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Types of AC Voltage Controllers | @

1) Single-phase half-wave (unidirectional) AC voltage controller.
2) Single-phase full-wave (bidirectional) AC voltage controller.
3) Three-phase half-wave (unidirectional) AC voltage controller.
4) Three-phase full-wave (bidirectional) AC voltage controller.
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Principle of AC Phase Control 33

e The basic principle of ac phase control technique is explained
with reference to a single phase half wave ac voltage controller
(unidirectional controller).

e The aim 1s to get a variable rms load voltage, with the same
supply frequency.

e The half-wave AC controller uses one thyristor and one diode
which is connected anti-parallel across the thyristor.
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Single-phase half-wave
AC voltage controllers
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Single-phase half-wave 1Y

AC voltage controllers coes

Unidirectional
Conirol

e The output voltage and the output power flow to the load i1s
controlled by varying the triggering angle (o).

e The thyristor (T,) 1s forward biased during the positive half
cycle of the AC supply. it can be triggered and conduct by
applying a suitable gate triggering pulse only during the
positive half cycle of the AC supply.
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Single-phase half-wave ecee

AC voltage controllers cecs

When the thyristor (T,) 1s turned-on, the supply voltage appears across the
load from ot = a to ot = .

The diode (D,) becomes forward biased and hence turns ON when the
supply voltage and also the load current decreases to zero at wt = 7.

The load current flows in the opposite direction during ot = 7t to 27 and the
negative half cycle of supply voltage appears across the load.
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Single-phase half-wave salc.
AC voltage controllers seet

G

T1 block
D1 conduct




Analysis of single-phase half-
wave AC voltage controller

Input AC Supply Voltage across the Transformer Secondary Winding,

VvV, = V, sin ot

Where V; = V/E is the rms value of the secondary voltage.
2

Output Load Voltage

v, =v; =0 N——> forwt=0toa
v, =v, =V _sinaot ﬂl]l:> for ot =a to 2w

a

Output Load Current

i,=i,=0 > wt=0toa

- _: _ Y _V,smot |]|]|:> for et =a to 2m
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Analysis of single-phase half-wave
AC voltage controller

RMS OUTPUT VOLTAGE Fﬂl{ﬁﬁj

1T 2 M o2
vV, = p (Vs “at.d(ax)+ [ (-V,)sin"et.d(at)

i

1 sin2a.
YoV 05

) 7,

The rms output voltage (Vo) across the load is

controlled by changing (o)

The range of the rms output voltage is from
100% Vs to 70.7% of Vs when we vary the
triggering angle a from zero to 180 degrees.
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V )
=—— = RMS value of mput supply voltage
V2

Vo(rms) 4
100% Vi

60% Vg

20% Vg

70.7% Vg

Trigger angle a in degrees



Analysis of single-phase half- | 3:::.
wave AC voltage controller 13
Input power factor
b [
PF= 92 = E = Ji[(2n—u}+smzu]
Vsls V, T
The average (DC) output voltage o
[ x 2x 0 i / > wt
Vi =i_£‘€msin ot (o) + | (V, )sin mt.d(mt}} R4
v \}\\ i
Vo= Looser -1 g TG
g;, e e of 7 -
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Analysis of single-phase half-wave
AC voltage controller

Average Thyristor Currents I,

Referring to the thyristor current waveform of a single phase half-wave ac voltage

controller circuit, we can calculate the average thyristor current I gy 85

1|5
IT[-»!vg} = g{j;’m sin oot.d (m:]}

2ar

2

e

o

[—cn&{fr] + cos a::.f] = f:—'“[l +cos ar]
27

F 3

&

i

I
IT(_.-!vg} = i[l +¢Os ar]

|-|—1 y
Im
’
r
r

3n
ot

2n !

r (2n4a)
e ! [V

LI

. Thyristor Current Waveform

Where. I

L

RMS Thyristor Current Ip ..

I T(RMS) — J_?I

1
3

I

2
m

Ef;’i sin” mt.d(mt]} = J

27

B(l—czszmr)

-d(m)} —)
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= Peak thyristor current = Peak load current.

sin 2a

}

I [1
I rass) =ﬁJ§[(3_a]+




Disadvantages of single-phase §§§3

half-wave AC voltage controller |

I- The half wave ac voltage controller using a single thyristor and a single diode
provides control on the thyristor only in one half cycle of the input supply. Hence
ac power flow to the load can be controlled only in one half cycle.

2- Half wave ac voltage controller gives limited range of RMS output voltage control.
Because the RMS value of ac output voltage can be varied from a maximum of
100% of V, at a trigger angle o =0 to a low of 70.7% of V', at a = n Radians .

3- The output load voltage has a DC component because the two halves of the output
voltage waveform are not symmetrical with respect to ‘0’ level. The input supply
current waveform also has a DC component (average value) which can result in the
problem of core saturation of the input supply transformer.

e This type of AC voltage controller is not generally used in industrial
applications because of these drawbacks. It may only be used in resistive
loads.
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Ex .2: A single-phase half-wave AC voltage controller has a load EE;:
resistance of 50 2, AC supply voltage is 230V RMS at S0Hz. The XY
supply transformer has a turns ratio of 1:1. If the thyristor is :.
triggered at a = 60°.

Calculate:

1. the rms value of output voltage. 2. the output power.

3. the average value of load current. 4. the input power factor.

5. the average and rms values of thyristor current.

Solution
V. N
Vp= V=230V f5=50Hz R;=50Q PPl =60°=m/3 radians
5 5
o RMS Value of Output (Load) Voltage ¥, 1 sinZa
2€ Yoimu) ‘anvs — | (2m—o+
2n 2

1 sin 2a 1 7] sin120° ,1
Vo =V, g[(lﬂ'—{x)]+ ; =230Jg[(zf_g} ) =230 g[ﬁ.ﬁﬁg]

Vo=230x0.94986 =218.4696 V ~(21847 V
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@) RVIS Load Current I,p,

I- V, _ 21846966 _
R, 50

0' Output Load Power F,

2 7

4.36939 Amps

B, =1I,xR; =(4.36939) x50 =(954.5799 Watts

B, =0.9545799 KW

O) Input Power Factor

PF = F
Vg x I

I. = RMS secondary supply current = RMS load current.

0545799 W

V. = RMS secondary supply voltage = 230V,

=0.9498

(230x4.36939)

W
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6 Average & RMS Thyristor Currents

average thyristor current I,

I
Iﬂim} = i[l +¢Oos n.']

4 .
Where, I =—" = Peak thyristor current = Peak load current.
I

2x 230
Im="’r"‘— = 6.505382 Amps
50
V ﬁx’?SG JEK’JSU'
It sg) =5 51+ c0s@] =————|1+cos(60") | ===—=""[1+0.5] ={1.5530 Amps
Tle) E:FI'RL[ ! Efrxﬂﬂ[ ()] 100r 1707 2
RMS thyristor current It aags)
I 1 sin 2ar
6.50538 | 1 T sin(IED“) _ 1|(2x) 0.8660254 B
Ir(mﬂ]=T‘j§Hﬂ—gJ+T =465+ =4.6x0.6342 =[2.91746 4
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