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Analysis of three-phase half-wave AC
voltage controller with resistive load

Expressions for the instantaneous output phase voltage:

For o = 45°, the waveform of output phase
voltage (V,,)

instantaneous input voltage per phase

v, =2V, sin Ot

Vay = V2V, :ain((ﬂ‘t ~ ETE)

S
Vey =2V, sin((ﬂ't + %]

instantaneous input line voltages

v, =6V, sin((ﬂt +%]

Voo — JEV,‘, sin((ﬂt —%]

: i

iz JEV; sin| (O - —
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Analysis of three-phase half-wave AC 53-8
voltage controller with resistive load eoce

For o = 45°, the expressions for instantaneous
output phase voltage (v, iSgiven by:

0<ot<al |||][> Van =0

ae<ot< 2::13' |l[||:> Van = VAN

‘2xf3£mt-::u+2m’3| |[|[> Van =0.5 vﬁcl
Vs = V6 Vs sin (ot - Tn/6)

=) [Va=vay]

‘ nEmt«:#:dSl |[||:> Van="AN] vAC=-vcﬁ=ﬁ?ssin(mt—{7mﬁﬁ—n}}

43 <ot<4W3+a III]E> Van =0.5VaB I _
‘vAC =6 Vs sin (ot - thﬁ)\
cramszacn]| ) [fmva
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Analysis of three-phase half-wave AC 53-8
voltage controller with resistive load sese

Thermsvalue of the output phase voltage

'\ = \/1 ["v2d(er)

2 Y0
27 /3 i3+ 2 X 5
Van = [ [ viyde [ < (0.5 oAt + A det

2x/3 2r/3+cx
\(m . 05
4z /3 4r/3+cx ) Pl g ]
o= %0 § vivdax + N0 ) idot  + [ v n'mrJ
4z/3 dr 3+ I
v&x=ﬁvs sin@r | Vag= J6 Vs sin (@r + W/6) —J_Vs sin (m_f _7:!6)
v‘{',—/ ——————————
(g 305 . 5 e . N
—{ I E )sin ur-d(m}+ I {}sm wt,d(’t}v ] (=)sin”etdlet)
My 7?2 // nriz 3 Ty 5 Snla
"an='vf€vs P ||:> I/:}=\/37VS | e
A T 3 4 8
+ | Qe atde) + | Qsnotd@) + | (C)sin"atdlo) h
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Analysis of three-phase half- coee

wave AC voltage controller with
resistive load

RM S value of the output voltage

Firing anglerange

Two thyristors and one diode conduct. 1 p27
0< a<60° |]|:> Onethyristor and one diode conduct. V, = EJ‘D V;nd((ﬂf)
Onethyristor and two diodes conduct.

0 - One Thyristor and one Diode conduct
60°< <120 “:> One Thyristor and two Diodes conduct

600 < a < 90°
~a

20 ~a<120°

120<a<2]10° |]:> One Thyristor and one Diode conduct
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Analysis of three-phase half-wave AC | seee

voltage controller with resistive load | 832,

RM S value of the output voltage

1 The expressions of the rms value of the output voltage per phase for balanced star-
connected resistive load are :

1 2r
V, 2\/2.[@ 1-—*;nd((ur)

Mode (1) id
0< o : I(7z a sin2a
= fom s L5 2om)
Mode (2)
_ 1z o
90° < @ <120° uu;> Vﬁ_ﬁﬁ\/ﬁ[ﬂ zj

Mode (3)

120°< & < 210° ”U::> Vﬂ_ﬁ;ﬁ‘/l[m‘x+51n2a\50052a]

724 4 16 16
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Analysis of three-phase coces

half-wave AC voltage controller esst
with resistive load

RM S Output current

= & Where: |, = |, isthe Output
0 - (load) current in phase (a)
Qutput power
&
R) — 310 RL
| nput VA rating
VA =3V 1,
Supply power factor
15
PF—=

VA
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Ex .1: Thethree-phase unidirectional controller suppliesa wye- -8
connected resistive load of 10 Q/phase and the line-to-lineinput voltage | gee e
1S 380-V, 50 Hz. Thefiring delay angleis 150°. oo’
(a) Draw the output phase voltage wavefor m. 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=10ohm a=150°
(a) the rms output phase voltage
Mode (3) ' :
Firing anglerange [|[|:> N \/BTI/; \/l[m:er Bl 2 - ‘Emsza]
(1200 £ ac< 2100) 724 4 16 16
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i Vo= [ (e

2770
F1 e7pl6 11p/6 90'5
Va(rmS) g?g O (05V ) d(!) + O (05V ) d(l) U: o o m FEm—— |
€~ ©5pl6 3p/2 ; ’ s

Vag= V6 Vssin(ot+w/6) | |v,. =6 Vssin (ot - 1/6)

\E\/ &1 ¢ P 1 q Sp/3 1 20t d 60-5
= sin cot ot + sin“ot.dmt u—
Varms)~ S¢on e2p33( ) 483(4) i

(7]

(‘D>(‘D

T 24 4 16 16

L 1 - Ll | I
] a el L] (LI | (= T T ] HEl R Ll

Vﬂ:\/ﬁ; l T « sin2a+\/§cc152a

V.=380A3 =2194v

V

F1] 7n_150m  sin2x150  /3c0s2x150
i ;

9
3x219.4 :
| 24 4180 16 16 b

(%]

=(109.8 v

a(r ms)
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RM S Output current

Output power

| nput VA ratinq

Supply power factor

By =3I R | =) P,=3(11)2x10=

VA=3V,L| IEZ) VA =3x219.4x 11 = 240.2 VA

e
pPF— "0 |I|]|:> PE = 3630/ 7240.2
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Vo
— — _ ~ | X
I, = R =) 1,=109.8/10=10.98A~ 1A

3630 w

=|0.5lagging)




EX .2: Thethree-phase unidirectional AC voltage controller supplies 555:
awye connected resistiveload of 50 €, and thelineto linevoltageis 000
208V at 60Hz. The delay is o = /3. -
(a) Draw the output phase voltage wavefor m.

(b) Drivethe output phase voltage expression.

(c) Determinethermsvalue of output voltage and current
(d) Deter minetheinput power factor.
(d) the expressions for the instantaneous output voltage of phase a.

Solution
V =208V fS =60 Hz R =50 ohm a = 60° = 1t/3 radians

(a) the rms output phase voltage

Mode (1) : ‘
Firing anglerange i > VG:ﬁKJ_[§a+51n2a)
(0° £ a < 90°) m 4 8

V=208/3 =120 v
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1 eox
I =\/2;¢J.: v2 d(or)

1123 w3
Van= [ [ v det+ f(ﬂ.El ot [V det+

AN
IRl 3 270/ 3 I
s/3 2, i
[ 05y ) det+ v, det ‘
d4n/3 573
vA.’\' =2 Vs sinw¢ Voo = V6 Vs sin (ot - m‘ﬁ)‘
Vap = V6 Vs sin(@1 + 1/6)

i i 1 i i L
] &0 0 120 150 180 210

@, 2p/3 1 5p/6 1 413 1 0
TG L dnZetdet+ s (Y sinZotdot)+ ¢ (& )Slnzcot d(ot)*
o 3 4
: p/3 p/2 p
Van =6 V; ¢ :
11p/6 2p +
g (;)snzcot diot)+ o ()sinZot.dt) }
¢ 3p/2 5p/3 5

=
| —

%zﬁﬁ\/l[ﬁ_ﬁ+51n2a}
Vs

3 4 8

S
1 | w/3 sin2x60°
jl> Va{rms} ="‘{§ x120 [E [ 3 4 + 3 Hﬂ— 110.86 v




RM S Output current

Output power

| nput VA ratinq

Supply power factor

o000
0000
00000
0000
0000
Vs <
I, = R =) 1,=11086/50=2.22 A
Py =3I,R | =) P,=3(222)2x50=739.26w
VA=3VL| IEZ) VA =3x120x2.22=}99.2 VA
h |
PF=_"| =) PF =739.26/799.2=/0.925(agging)
VA
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Expressions for the instantaneous output voltage of phase a.

For 0 < wr < /3 |1|][>
For w3 < ot <273 [y

For 2m/3 < wt < |u[>
For < o < 4m/3 |||][>

For 4m/3= wt < 57/3 |||]|:>

For 5n/3 = wt < 2= |[||:>

/

Van =2 Vs sinot

/1

00000
V. =120 v 0000

f—
-
-
—’
-

=6 Vs sin (ot - 1/6)

—’

-—

<=
E
I
o
N
0
e
Ko
|
|
.
R
N

Vo = Van = 169.7 sin wt

2
3
3

I

Vg = Van = 169.7 sin wt
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Vap/2 = 147.1 sin (@t + 7/6)

—
_—

Vap= 6 Vs sin(@t + w/6)




