AT M E (=) B/
s = Pl

College of Engineering

s Lo
— e B R

s
<~
- O -y

y € ogﬁroller

&N

f‘ £ =
arcd 13

&

I

-~
<

[ )
mt Pr
ment




ATM E

o=z College of Engineering

Module-4

Controlled Rectifiers: Introduction, Single phase half wave circuit with RL Load, Single
phase half wave circuit with RL Load and Freewheeling Diode, Single phase half wave
circuit with RLE Load, Single-Phase Full Converters with RLE Load, Single-Phase Dual
Converters, Principle of operation of Three- Phase duel Converters.

AC Voltage Controllers: Introduction, Principle of phase control & Integral cycle control,
Single- Phase Full-Wave Controllers with Inductive Loads, Three Phase Full-Wave
Controllers.
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Introduction:

Controlled rectifiers are basically AC to DC converters. The power
transferred to the load is controlled by controlling triggering angle of

AC
supply

the devices. Fig.1 shows this operation.

The triggering angle 'a' of the devices 1s controlled by the control
circuit. The input to the controlled rectifier 1s normally AC mains.
The output of the controlled rectifier 1s adjustable DC voltage. Hence
the power transferred across the load 1s regulated.

The controlled rectifiers are used in battery chargers, DC drives, DC Fig.
power supplies etc. The controlled rectifiers can be single-phase or
three phase depending upon the load power requirement.

Department of Electrical and Electronics Engineering

Controlled
rectifier

+
Load

8

Control
circuit

1 Principle of operation of a
controlled rectifier
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Single phase half wave circuit with R Load (Single phase

half wave controlled rectifier with R Load): EEEEENEN O
' I I AT, | [ L AT |
P e N // \'\ EEmEERP
L1 1 | . | , . . . . .
T, EEEEEEEE EEEE SN EEEEEEE
v, g H E v, § R I SO ogerng T HEEE
| 5T " I I I [ I |
B ol Tl Lol Tyl
Fig.1 Half wave controlled rectifier with R-load = —
Output 1 1 1 \ 1 1
voltage wi
Vy i - n 1 L2m+ o In
o A PN A N
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. o= _ . ) .
T I The period of one pulse of v,(wf) can be considered as T=2r . And
Vg [wf)—?’,-h st wt from & to m. For rest of the period w, [mf}—ﬂ. Hence above
equation can be written as,

- . -
frigpe = 50 Hz ie. supply frequency V(o) = 11+ [ Vi sinwt duwt
ik ﬂ
L = Yo cos wi]”
The average value of output voltage is given as, 2m | la
1 L
s = T r
Va(av) - JJ vy (wit) dwt Vs o) = 1;; (1+ cos )

The power transferred to the load will be,
V2

- ofaw)

F, () = TR
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5 N T
L1 b
T4 0 Vil iy
. _ T
% L l L % B L%
+

SCR conducts due to inductance voltage after ©
Fig 1 Half wave controlled rectifier with RL load
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, 1
Votan) = TJ. o (wt) dowt
0

In Fig. 4.2.4 observe that,
_U-ll; = ‘[‘}-FH. 5]I|. U.HL
0 fromOtoxand f to2m

from o top

Hence equation (4.2.2) can be written as,
1 B
VUl:ﬂU:] = E-l- Vi sinwt dwt
4.1

_ Vm - [
= E I__ COs (Hf‘l o

_ Yoo e
= ﬂ(cosu cosfd)

This is an expression for average value of output voltage.
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Mains supply \ 1[‘3}_
(1) —  voltage -t —
v N |
i | | | NV NS |
T I T 1[h]_
Triggering
pulses of T, = wi—
' oL o
-i""'-.\ H\ [c} 1
Output ! \
—i—{— voltage = it —
yu ol n | 2mto
.,__.T1 Conducts
—r=from m to
/ due to load |[d]_
Output Ly inductance
current - / = ot
i ol Fj |
0 |
J
(e) -
Supply i
——— current * ; - it —
15 | 1
Fig. .2  Waveforms of half wave controlled rectifier for RL load
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College of Engineering voltage 7 7 -
v
. . . . 0 l © | \h-. / \h._ _-i/ .
Single phase half wave circuit with RL Load with free- 11 _ . (b)
wheeling diode(Single phase half wave controlled rectifi Triggering |
iy - pulses of _
with . Tq Ty —o M
s e = I =
- = + .
lo
R Output —|- \ ' \ ' ilc.'!
L 3
| . d
— Output TN AT ].{ )
Fig. 1 Freewheeling diode in half wave E“rire”t p TAKE__ _ - ot
controlled rectifier o Freewheeling
1] L, current flows
HE | due to load , @
— .| Freewheeling ™I} Inductance ™ i
i diode .
I | —  cument n Ll B
! T l io
Drw Z\ | Vo i |
i | | = 0 durin
{irw l | L% | '"frseewheelingg ' NEEEN HE
\ ' ~ (f)
e - Supply ’// |
current ] -t
Freewheeling action in half wave 4 g I T ’T—ﬁ‘l |

controlled rectifier
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{vs =V sinwt  from ¢ ton
EJO -

10 from 0 to ccand m to2m

The period of v, is 2n . The average value is given as,

4 T T
Volan) = 1r|".|- volof) dot = zl;r[.J Vin sin wt dot
] ol
Vin
= _——[-coswt
211[ cos of]

= gﬁ [1+cosci]

= R P TETToYY )

The r.m.s. value is given as,

1
15 2
Vo(rms) = TJ f-'g{ll'lf:] dwt
0

UKAS
HAGH
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ISO 9001:2015

_ 1
1T, 2
||"f-.'l{i'.:rn:?.‘_l = |25 -[ v sin“ wi dwt
L oL
1
V2 T 1-cos2wt , 2
| 2n 2
o

1

vals % |2
= {E jdmf—J cos 2w dmt
CcL

ot

P =

" Tsin EU}IT
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Single phase half wave circuit with RLE Load (Single phase
half wave controlled rectifier with RLE Load): AC o e R
Mains '\) g"E V, =
Expression of Average Current and Voltage : .= V. sinot L
e Since the average voltage across the inductance is V,sinat .
zero, thus the average value of load is given by, T
1 ¥ , -l (a) Circuit diagram
I'mrg = IR |:ﬂ (Vi sin ot — E) doot] v V. sinet
o : ¢
1 | :
= SR Vm (cOs &~ cos y) — E(y — o)} O3, —— > ot
Conduction angle being B, p = y— o Thusy = o + B, e : : : | |
L 7% S I
I = 55 [Vm {cos a— cos (o + B)} — EP] I N
avg  2mR vV \ . | —
1 By . B I ofF: N P N "ot
or Lyg = 3aR | 2V sin (.:“2) sinz_epu .. (212) AUUE T O
[. A B—Z.A+B. B_A) 0 : ':I i: :‘: = ot
since cos A —cos B = 2 sin= > sin 7 T ?ﬂ - h
However,vm_ = E+IdR “ >
e 1 [ | ( E) B ] (b) Voltage and Current waveforms
=B+ 2n 2Vmsin{o +75 Jsin — tp Single-phase half-wave rectifier with RLE load
_ _B_) Vi . ( E) . B
or ng— E(l—zn + 7 sin{a+ 5 )sin
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Single Phase Semi converters (Half Bridge
Converter):

Single Phase Semi converters working with

{

Resistive Load:

230V, 50 Hz Y
AC supply

o

3R

an
i

Circuit diagram of 1 & semiconverter
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voltage wt
Vg J /

- ~H

Triggering

signal of wt

Ty a7 ol b ] 2o

Ll T4-Dy T30 4Dy D,

i

GT2 wt

T+ 2n

Output . \ \

voltage wt
VD (¥ n

Output

current wt
iD

T, and D, T T

current wt
1 &lpy

Tyand Dy

current wt
T2 & Ip2

Supply T T

current i wt
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- -t
7 'o Vo = Vi (ie. supply voltage)
| vV, V.
V,i <R and I =
°f v R R
'
Dy i
= Ve
R
ip, = is=iT1 (when T — D1 conducts)
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i) Average output voltage

The average output voltage is given as,

T
1
Vﬂ(nﬁ) -7 I Vo (mf) d wt
0

1 T .
VO(W) = [ Vi sin wf dot
o
In the above equation Va(mf)= Vin sin ot from o to m. Solving the above
integration we get,

Vo(av) = I’;” (1+cos o)

ii) R.M.S. output voltage

R.M.S. output voltage is given as,

v . T 1/2
= = Va 1 &
’ ) Vo(rms) = \‘T | Vi (wt) du}f]
. Vs V. 0
and ig = —==22 . . .
R R Putting the values in above equation,
1 1
. 1% . . 2 V_an._l—cos(Zmr) 2
. _ 72 2 _ i i
Votrmsy = [ﬂj V.2 sin {utdmtJ _{ ; || 5 dwt
o o L )
1
V2 - |2
= { " {ﬂ -+ : sin 2 a]:-
27 2 J
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Single Phase Semi converters working with RL Load:

Continuous current mode :

Igc | |
i l l ot y p—— o 1
Output \ \
T, T, gl- | voltage - A
ac b Vo « m_ el || 2 _ wl
Mains
N gR . — Continuous load t:ur.rent
D2 O 1 \ | #..-—'\ ,«"‘"\f .--'"'-\ ’..--'\
output | I\ NA NA NA
. - - - cumrent - it
(a) Circuit diagram iy T, T, . T, T, |

r

Vo (av) = “T*j (1+cos o)

]
V2 1 12
Vo(rms) = {2—’; |:Tl: —0 g sin 2 a}J
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Discontinuous current mode : Continuous and ripple free current for large inductive load

I 9 [
| | } N ™, N ™,
Output - ' \ ' ——1 voltage L =t ot —
voltage - Vv o . o 2n 2m+a
waveform = ot o |
VD o T+t 21T I I 1
1 | ' T | | | | |
| ‘ | | Output D2 |-|—TD1—o- D12 "—TZDQ—" D?] -n—TD1—o- D; "_TEDE_"
Output —— current !
current | o
waveform o G 2g | onia N [t ] - } | ““o(av)
o =T1—DHD§{*T2—D?D§T——-}T1—D?- L*TE_Drbi I I = (ot —
' } —— No load current /l
l ‘ flows here (dlscﬂntmuous ip)
N T T
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Single Fully Controlled Bridge Rectifier with RLE Load | ‘IF f"h\_/{ 1} y ’W
~ _ | e |
I | 1 | 1 | I
- 111 i :_Tra i :;1 j lla
I | 1 ] | !
+ ‘ I, ! I : ‘ I ‘ Output voltage
a vab ! VH : I : »
VLN L 7\ . |
o | vo \! \I\ \ t
= ()
NN NN
Circuit diag;am of single phase A : ! : I : | :
fully controlled rectifier : : : : : : :
| 1 o - 1+ Qutput VDItage
I Iy I I
0 | ' ] ] ! \Ii\ >0
I TE! I 2 1(21-,- +3':I':}i | {‘3"-[ + a}
I | 1 (E + [:{}I [ | !
T3T4: ) | |
] I l I :

LNT«]TQJ—H—T T4—LH—T TQ-I—H-—T Ty—»

.——//N : i—/\-—Source current
| . » (01

L

|
I
|

Single phase fully controlled
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Mathematical Analysis :
1. Expression for the Average Output Voltage (V,,) :

1

V=7 [ Vasinot-dot
o

™+ o

nto

[~ V., cos wit]
[

< 3=

Pl

Vin
=?[cosa—cosn-cosa+smrc-sma]

COS oL — €os (T + o]

2V,
= Ccos ¢
ave n

Expression for the Average Load Current (I ) :
avg
Vdc 2Vm

Iavg= R =Fcosa

Expression for the rms Load Voltage (Vi) :
1/2

Vims = % 0 Vi,sinzmt-dmtl}
. 1/2
Vo, E 1
= EU (1—(:1-.::5.2r:10t}-dmﬂJ

1/2
V., [1[ sin 2mtj'“ tal
o=l ot — |

2 |
1/2

sin (21 + 201) sin 20:]

o+

2 - 2

1/2

l( sin 20 sian]
T 2 Y2

1

=
T
+
=
|

1
S

Sk <k

Vims =

Department of Electrical and Electronics Engineering




ATM E

College of Engineering

UKAS
HAGH

mi = W eurRorE

ISO 9001:2015

Single Phase Dual Converters:

L, L,
2 2 iy
LN - —=-
+ Il] -
e, A | ‘
T T
2 Tio T . 2N AN
S - T o
=
230 V-50 Hz vol83lv, Ve 230 V-50 Hz
mains supply 59 mains supply
o T E o
Zfﬁp K_Er& o 1§Z Tan }Z TN
- +
P-converter M-converter
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P ™, Vi ™,
. Supply
AT M Eppu = -
, Vg n n -
College of Engineering . N N m WALA
L i N ™, ™ ™
Output
voltage of \ I
|~ P-converter 11?\ T Ol ‘ wi=
- Vo
Y N Y Y
i 1
- P Vd P P
Output
voltage of N
| N-converter 1~ wi—
| Vo2 | /‘l
. | 4 L. 7 7
- 2n—oq
= M—0ly
\\ \\ \\
' oy 0l 2m+ot
|- ".I'r = VD1+VDZ\ ']T—ﬁ,1 2_]_[_0.4 1 =t ot —
AN A Al A\

7/28/2025 Department of Electrical and Electronics Engineering



7/28/2025

ATM E

College of Engineering

Three Phase Dual Converters:

l“'

£ £ £l 1ty

L L

‘Lll

AN NIy

ul

P-converter or N-converter or
converter -1 converter-2
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« We know that the average output voltage of 3 ¢ full converter is given for highly inductive as,

3/3 V, ol 1)

- cos (),
m

v

o(au)

Hence the outputs of the two converters will be,

v 33V,
7| (m;) = P OB Uq

f
3J3

and = m o8 Uy
7[

Vo2 (av)

From Fig. 4.9.1 it is clear that,

Vn(av} = V,,] (av)=—V,,2(aU) 2)
From equation (4.9.1) and above equation we have,
33V 2
COsU; = —CosUy
or Up = M0 = B)

7/28/2025 Department of Electrical and Electronics Engineering
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— ——————— —

! '“U‘w - - ! ' 7 p— -

E: Yo l I8 e, 5 T ‘AR

{ ! $ e . .: - = _ - ¥

| ' . _YB YR'BR BY RY RB YB YR N £
- Output voltage of ; B : bl -
ez LV VWV VWV VY
" e =120 ! I, B P ety ke
, Vo2 . . - ¥ . ’ ,:- oy

|

7/28/2025 pepartment o1 £EICCiriCal and £ICCronics Engineering



ffffff

01273

ATM E

College of Engineering
Principle of Phase Control
Supply \
—. voltage =t it
' / /
N NV
+ 1i,
_ Gate drive
Mains —of SCR T4 - wt
supply@) Vg | |Load GT1 0
Vg l — -
Output \
voltage = wf
v s 2m
0
1 & half wave controller NV NV
(unidirectional controller) Tyt Dyttt Tydeb L Dy

=  Qutput =T [ 1
current i + Vo

"~ or supply R 1ot

__current ig il } 1
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Single Phase Controllers with Resistive Loads (Bidirectional Controllers):

Mains
SUE:W@

Vs

NN

tGate drive af —-—-—-—I 1 1 1 |_-_._-_|

T Tiifam

| T iz

|Gate drive of | | I |

& Al

1¢ full wave (bidirectional) controller T voitege P\ zra | 20 [—\

vt —|

il

- . ! .
2

I~ volisge AR

| across v |

[ SCRT, P ﬁ\] 1 o 1 \\|
| Culput | 1 | | T 1
currant i, | | | I | | | ]

or supply | | | | | ] } J } ]
current i, | | 1 1 1 ] 1 1

ol 1

arl |
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_| Gate drive | b gt
. . . of SCRT | [ [ i
Single Phase Controllers with Inductive Loads: e dm;
| ofSCRT, ot

L

" Qutput current
i

|- [+] id = I
] T1 I} I: : ar zupply current el l | mp ! P
IE- r s T+

=

+ ¥, Ty T2 T~
Mains # :]TE T | SERY
supply v R | ﬁtt;;é Al \ F
voltage ™ " = ‘ N
'IIIlE. L ] l iy | ol
: e
| SCRT, %1 L [ k '
F1g 1 1¢ full wave controller EEEEEEEEEEEEE ] EENELSRNE NN N

with inductive load

| |Current of | \ f—\ | -

SCRT, 1 I [ =1 ot
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Drives of thyristors TyloTg
S

=k e JRY 1ds t
ouputvonges |1 RN T 0
fora=1200 | | i I V—V ! 1| . |
[ o e | , i o) i . ] v :
Lk (i Lt | J = S
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