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Three-Phase

Full-Wave AC Voltage Controller
(Three-Wire, Star-Connected Load)

The neutral of the supply is not
connected to the neutral of the load.

The firing sequance of thyristorsis T, ,
T2,T3,T4,T5,T6-

The gate-control circuit must be capable
of triggering at the same instant two
thyristor, onein each of two phases.

These pulses are applied at intervals of
60° to various thyristors in a sequence
the same as that of the supply voltage.

The current flow to the load is controlled by the thyristors T,, T; and T and the

*

thyristorsT,, T, and T, provide the return current path.
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Three-Phase
Full-Wave AC Voltage Controller
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instantaneous input voltage per phase

Vi =RMS value of input ac supply

) =J5Vsinmr
o =2 Vosnor]

\.1:@ = -ﬁV, sin(@1 +120°)I

instantaneous input line voltages

‘ V= 6V,sin(rar+3{}°)\ ‘ Ve =JEv,sin(m:-90°)\ ‘ Ve, =6V, sin(mr+150°)\
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Three-Phase
Full-Wave AC Voltage
Controller

i
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1 At any interval, either three SCRs or two SCRs, or no SCRs may be ON (conduct)

1 If three SCRs conduct, a normal three-phase operation occurs and the output (load)
phase voltage (v, isthe same as the input (supply) phase voltage (V 5\)

V,, = Uan = V2V, sin mr‘

1 If two SCRs conduct, the current flows only through two lines and the third lineis
open-circuited, and the output phase voltage (v )

UAB_V’:;A\/EVS . E
5 = > sin Iﬂl‘-‘}*6

Van =

1 If no SCRs conduct, the output phase voltage becomes zero.

Vin = 0




Three-Phase
full-Wave AC Voltage Controller

Mode (0° £ o < 60°) in thismode of operation, either two or three thyristors can

conduct at the sametime.

Mode (60° £ a < 90°) in this mode of operation, at any time two thyristors, onein

each phase, always conduct

For (90° £ a. < 150°) in this mode of operation, at any time one or two thyristors

conduct at the same time.
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3-Phase full-Wave
AC Voltage Controller
Mode (0° £ a < 60°)
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Switching Pattern of 3-Phase half-Wave | eeee

AC Voltage Controller 444

1 For (0° £ a < 60°)

In this mode of operation, either two or three thyristors can conduct
at the same time.
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Switching Pattern
of 3-Phase full-
Wave AC Voltage ¢
Controller at
(@ = 30°)
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Output voltage waveform
for three-phase, star-
connected, three-wire full-
wave AC voltage controller
(a=30°).
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3-Phase full-Wave
AC Voltage Controller
Mode (60° £ a < 90°)
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Switching Pattern of 3-Phase Half-Wave | seee
AC Voltage Controller eoeo
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1 Mode (60° £ a < 90°)

In this mode of operation, at any time two thyristors, onein each
phase, always conduct.
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Switching Pattern

of 3-Phase Full-

Wave AC Voltage®

Controller at
(@ = 75°).
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Output voltage waveform
for three-phase, star-
connected, three-wire full-
wave AC voltage controller
(a=75").
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3-Phase full-Wave
AC Voltage Controller
Mode (90° £ a < 150°)
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Switching Pattern of 3-Phase Half-Wave | seee

AC Voltage Controller 444

1 Mode (90° £ a < 150°)

In this mode of operation, at any time one or two thyristors conduct
at the same time.
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Switching Pattern

of 3-Phase Full-

Wave AC Voltage ° [~
Pl |

Controller at
(@ = 120°).
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Output voltage waveform

for three-phase, star- .
connected, three-wirefull- = ——"<
wave AC voltage controller - L
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Analysis of three-phase
Full-wave AC voltage controller 1T
with resistive load

Iy

g
RMS value of the output voltage P
The expressions of the rms value 0 = |- )
of the output voltage per phase \< , B e |
for balanced star-connected —— F——t—v—<
resistive load are as follows: A : A4 o
CW - lo
] I 5 % _"L . Lﬁ
IG:\/ML 1Hnd((05) «H

= 27, sin(0)
=27, Sm(é’ = 27”)

)
= \EVS Siﬂ(@ + 2?71'

=)

Vip = JEV,,, sm[ﬁ +—
i

V= JEVg sin| & ——

= JEV; sin| & - E




RM S output voltage at: | S—
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RM S output voltage at: | T
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RM S output voltage at: 050 %,
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Analysis of three-phase Full-wave AC voltage | eeee

controller with resistive load i TS

é Vag I |

Qulput volfage af & = 30

Model (also known as Mode 2/3): (0° £ o < 60°)

V.=V l+isi1'12{:.f+§0032a
2 Bx ¥4

Ouiput voltage at o = 120°

V.=V 2_3_a+isﬁ12a+ﬁ0052a an /
4 2:1, Sﬂ' 871- 120° 15 | =

21807 210°
(o)




Analysis of three-phase sesco
Full-wave AC voltage controller esst
with resistive load
RM S Output current
T =& Where: |, = |, isthe Output
0 Vi (load) current in phase (a)
Qutput power
R =34 R,
| nput VA rating
VA =3V 1,
Supply power factor
15
JHA—= s

VA




EX .1: Thethree-phasebidirectional controller suppliesawye-

000
0000
connected resistive load of 10 Q/phase and theline-to-lineinput voltage | eeee
1s380-V, 50 Hz. Thefiring delay angleis 30°. oo’
(a) Draw the output phase voltage waveform. oo
(b) Drivethe output phase voltage expression.

(b) Deter minethe rmsoutput phase voltage and current.
(b) Determinethe input power factor.

Solution
V,=380v f,=50Hz R=100hm o =30°

(a) the rms output phase voltage

Mode (1)
Firinganglerange |
(0° £ o < 60°)

V.=3804/3 =2194v
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Van=v2 Vs sinor

Vap = V6 Vssin(or + n/6)

0<wt< w6

6 <ot< '3
T3 <wt< w2
w2 <wt< 213
2n3< ot < 5w/

S <omt<x

Vae = V6 Vs sin (ot - w/6)

The rms value of the output phase voltage
(V,) can be derived as follows:

[ x/3
Vo= <l|: | vi
L T/6

: Van= (.

van= 0.5 vac= V6/2 Vs sin (ot—1/6)

. Van= VAN= M’E Vs sin (mt}

The expression for the instantaneous output phase
voltage, v, the positive half-cycleis:

 Van= VAN = *12 Vs sin (mt)
: van= 0.5 vaB= V6/2 Vs sin (et+u/6).

Van= VAN = V2 Vs sin (ot).

) VAN

xl3 Ti2

. ot 3*

T2 3 27/3 2
Aot + _| (05v " dar + _|

® 180 2100 240" 2700 300° 330° 3

]

, 2 2 0.3
dor + | (05v, ) dot + v dex |



4

i Lsin2atdot + | Lsin

o 2
31 3

b3 T
2 2

T
21:|:||t.~:11j:nt }

RM S Output current

Output power

P, =3I R,

1.3
3 —sin“ot.dot +
sin “ot.dat + | Jsinotdat +] 3

)

0.3

V.=380A3 =2194v

_ . p—
P_=3x(21.52)*X10 =

2152 A

0.3
(E}} J2152 v
3
2152
[ =2
a1

13.897 kW




| nput VA rating

VA =3V, L, nu:> VA =3x 220 x 21.52 =14.203 kVA

Supply power factor

& 13.803
PF—_0 ﬁ> PF= —0.978
! 14.203

Exercise

(a) Repeat the previous examplefor a = 75° and 120°.

(b) Derivetwo general expressionsfor thermsoutput phase voltage for mode
(IT) and mode (111).




