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UNIT-03 - (18 MARKS)
CONTROLLED CONVERTERS

CO Coverage: - Test the performance of given controlled converter.

Unit -03 Content (Syllabus)

3.1 Basic term;nologies: conduction angle, firing angle, output voltage, output current, voltage
across switch, source current, source voltage

3.2 Single phase half wave controlled rectifier with R, RL load: Circuit diagram, working, input-
output waveforms, derivation for average output voltage, equations for output currents, voltages &
power, and effect of freewheeling diode

3.3 Single phase full wave controlled bridge rectifier with R, RL load: Circuit diagram, working,
input- output waveforms, derivation for average output voltage, equations for output currents,
voltages & power

3.4 Three phase full wave controlled bridge rectifier: working principle with R load, input-output
waveforms

3.5 Inverters: concept of voltage source inverter and current source inverter

3.6 Single phase half wave bridge inverter with R, RL load: Circuit diagram, working, input-output
waveforms

3.7 Single phase full wave bridge inverter with R, RL load: Circuit diagram, working, input-output
waveforms

3.8 Pulse width modulation: importance/need, types:

Sinusoidal pulse width modulation: concept, working principle and waveforms







31 Basie Tearmine ff:). 1€y -

('m'mluf.l'if')}‘\ m}jk“ s[‘;.’a"lllflj {H_;.?]f‘ ) ot.l!‘pu" b‘-’,ul,f‘quf IIJLL‘“F?Q"
CUrye J\,{* ’ L':;uU"«:p-‘j’ € QUross f_’,((':r[f-"('}*»; Cj.-)u'a'([; {'L{"):a"('ikl"« oYy co \;".'_‘-L.'L'F'“J-%‘ft
) Conducl-

—_—

'on qrﬁ]e - In an pc ipput que, dhe  peviod duny which

the ScR ~vemains oN skabe agten ée*"@ triggened is cated” Hae
Conduction angle .

Conduction m'dle 2 190 - |
2 Firing Angle '~ The C‘im’nd MGle s Hae amgle jn he ac in put
cyele”ad “tohieln the’ ge

R 1g ¢ ed oN b applying a acke vrent,
pulse . o L ’ d (}

L) oLil”—ﬂ Cirvrerik ' Outpul Curyert of Condrvolled weckifien s defimed |
05 dhe Cyyrent Flowi l*h'mua%‘ dhe Joad. TL 6 q Gonkolled |
de cyyment meagung in amperes.

© oubput Volage ' - oukpuk volboge of Gnlaolied wechilits s definel

ay he voldage measued aoross the Jood . Tt is 9 Contvolled
de Wd}‘-‘“&t meagued in velle . |

9 Nolhage awross uibch > |
Tt Jo definrd % Hhe fngtankneows Umﬁq&g Geress  Measy el o
Us anode  wikh respect wo Us Cabhode .

6) Soyswce Carmend '~ Soyyce Currerd o€ o Comdmolled yeth ey |

is dedined o> Cuvrent gypplied by he input pc Supply to
Uhe Conbaulied aechifier.

D Souwee Voddyge ;-

Source volkage 0F 4 Copyolied vechifrey 18 defined ay

dhe votage  gypplied by uhe input Ac SUPPIY to dhe
& o lled reckiClen, |




=3 F.a-@ Showe Crarcut't du‘ﬂ@‘fmm of 10 holf wave Conkvolled
vecklren .

— It i'e called ab half wave condwolled avectiFrens ag onl
half C\ffle of Ac ;'npu_)‘ -8 COhVeT‘f“EA to PuJSCLJ'de DC -

= Tt (g called a5  conkanlled reckifier oy vthe output an
be Contorolied by COWW@ the ocr,

—> To Conduck SCh, Lk musk be in fovtoavd Conduckion mode and
) &aFG Sianoj mMmuSt be provided -

—1 The ar@?e ot which Jhe &o)rﬁ Saﬂcuf i6 applied and acr
15 turned oN s called as F(Tfr@ anate  denoted o G e

~ % Bloslatng 1

= Du—rrr?j posikive hall quf (wt=0¢23), 5¢cR jn forr ward

leC,lXi'?j mode and ack Dpen Cff}rCl.d'f' O—Bdﬂj‘ﬁ gﬁﬂﬂj is

net applied . No cuvvenk (oo Jhmt@h dhe Cincwrt ang
bH’IQ OLL)"PLLB— VDL]}qa{ & O

— Dwrfr@ Positive half Cyde (wt = 4o1m), SCA 16 [y hiased

ond atke ehovt  circutt - Thenelore  Uhe Current To Shavts
[?lcscpir%j frovm Jhe Gouyce Fo he Lﬂaa&' DU thie fq‘ldﬁ';

the owhpuk V'O”“@ﬁ 15 equal  to the Soyace vo&}qde,,
(Uoi\/fn)

— Thevelore the oubpak \fmi’rqgft eoaveform [y llowe the
mnpuwk vod}oﬁ( (wt ~d to ) a8 Shewn In wavelonrm |

™ For a qegiatrve doad the oubpul  cuymenk would follow

the ou}pu}“ VDJJ"O@( wau\{’ponrm‘ IﬂDLDQLW u_fs ma@m’{‘qc{e i
Conkrolled by the Resiskance 'R'.

— Du'ﬂ‘r@ nedc&:‘vf hedp cqele (wt = Tte2m)  6cR 5 geverse

(%)




biased and Gcke a8 o ppen  Civewit -

> Therefone
~ Duwin H’)f%, hCO fumnr to Flowe From, dhe Source  to the doad.
N Thefegf‘ fee 4 VOLuﬁa{ (Vo) s equald to Zero (VD -0,
G % ove » fhe ooubpul volbage § tuvrent  wanel: -
X 0 a8 5hnwn ' YV fonrm ST £ & Mk
™ Howevery, | ’
also ch!edL}if U;Lﬁ%iﬁe- A8s the SR o Vp = Vmibimwt ek s
Lakh Inverse Vodkgse (p Y .
Voo dhot g URLPIVD, whith 15 masim
“ltﬁ’f PPEINS  atroes fhe “deyce duw’r@ i b)ocwﬁugq}e,

—p
55

=
N
)
W
4
y
A

o

N

i i : : :

Aig ! 2 :

| n‘/Fi;ring pul§'\,e;'_| ;'
oo B N B

Vo4 ! | E ,: ,:

i Y

Q
=

<
3

3-“
Qt
3"-& - —
Q

2L

e e

L
e
*
j *
- -

<
3
%
AR
R

i
{ %—\n-.-...u......
\
/!

J‘*’.‘




) owi-’}"u;j-a Uu}-{?u)" Vm).ﬂﬂﬁfa e
Ay we Kpow thek Qvermae pukpul vc&}qae_ (e given b\i’

. 27
Vo T Vo . dwt-

-]

Cans;'dexa’r%j only half eqelt as Uhe average velue bewmes zeyo,
[f;T CUVU Cdt“f;

m
VD = "5:’{_.' ( Vm‘-}fr)w{‘(‘{w{'
Jd

AN i
& oubpat Cuvvent (540) - Expression .
_ Vo Vm
lotpy = " * o (11*(’05&\)

D Quiput Powey ;-

,'j—'?

Ple = Wie %8 Toge

-V Vm
= =7 (140847 xm(tﬁow")

Py p - Vm 2.
¢ or 2
0 T o, (L10esd)
® z_“_‘[’ Lnveroe L_sgfg:? (pPrv)
B . {: P Vm
Pry =Vg _NVm §inw ,__{_;_.
Vo :ﬁfv.g[
3:2.2 — 1y half wave Condvolled weckFrenr wikh Rl load

—> G’&- Slhowe Cd"r(m"{- Cl'ﬂ o15) Df d
\ 18 hadf waye Contwlle

vechifier wibh rL doaf :
®)




i Dufr;'nd Positive hedf
mode “ond acke open ¢
" Np Curynrenk Flow o
150
™ Duni

q positive half

cle (wt=0tox), ac jo iy [orwand blocks
vt ab gkl sgna) fs not applied-

q

H’)’th{drp'\ dhe cinvcwdt and thhe oquPu}‘ Vo\,uqa{
%TCIQ (wt =~ o toT) , Sep

16 (o ward brased

ond acke 0% Chowt crorewt -

™ Thevelone , Hhe y
Joad

= Dunrn

Har'e

vrenk T, Stavts [owor

¢1de s che oubpuk voutege
voLU“Cia—Q C VU =Vs), In Q(_ﬂc‘f’é:‘on ,

e Fom Whe Source o

15 equel o Hhe Gounce
inducho ¥ Stawte,  Gleyi

1

or

r@ ene«jg
and cynrenk keeps  ingreasing.
— Theyefove , Jhe o wkpulk
e ) P wdﬂ:&e wuwﬁmm [s)lowsg, mpu} quag
(wt =% tom, o8 shpon N woveform |
: !
: ) (T AN\
. N @ CH 3 t i ;.}z:;',
1 T g i} * ' g ¥
| V;-,L\v la | ‘N\_/; f P
| N RS |, a2 [ L T
Single phase ; y e — Tt ——
a.c. supply i €= £y sin @1 Eac !t e E E T E f ;
: B
“?.’i“ s i i L
¢ Wl |y 10 1y By :‘*oz Fq 0t
Fig.1{a) Half-wave controlled rectifier with R-L load } *‘iﬂ { ;' ; E ;
i } I \i 1 i i 1
i e e ) | f Y
T
i i 1 3
Vol i T ] i i I
T SN R
]
i
[}

-5 Dunt Ne@w\ﬂe hal
ond adte Showt cine

7 @nsequently , hhe oubpul vodte

(o=~ Vg,

= HOLOQ'U’QT, H’)e Cquy‘\}' ffou){'
dl‘scha'@% L}hrmqa-h R and

p

o

Fig.1{b) Waveforms for a half-wave controlied rectifier with RL focd

PSCR shill Lowword hjpsed
inductance ab e dood .

a{ s QC'IUN!LQ to the  Gouwcf Uodf’ﬂ@Q'

F qu-e (wf- =1 %O ﬁ')
wt  due o Uhe

@ Stavte Lo dquﬂ as uhe Inductor
aaches 0 o wt -p,

®




- qu‘r@ nedcd-fve halF f‘qu (@t =B to 21, He gep 16 verease biesy].”
due £o the gsuvce ond also dl‘gcbu'x'@«fid y wthegefove  Hhe ooppd
Voutase and cuvvent would be 2evo duvine uhis ntevval.

TP Hwe B called ab e exbincHon an@fe.m. \Hhe qn@te ol which
Jhe  currenk decui;g to Zeno

™) ﬁ vervage El_FJ;Q vod _{_‘fgﬂgf? &
The Aenge oebput vouuqaa s given by
L I"ﬁ (lﬁ Vo . dwt
)
cmsfa’exrf-/u only helf

(on Loty cq«c! e,

B
Vo ~,,932_.[% Um-Sinwt . dwt -

- P
Vo - %j& Coswt ),i.
M LYE_LTT;—(COSD{“CO?)B)J

ubpel Vodkage -

—

thcle as, Uhe qwmat Value becomes Zexo

; Yo
gin 2% ~ 61N 'lﬁ)J
V'm (
N L alY Foe—
Vor = l{ﬁ_[gﬁ <) 2

D ouwkpuk cuyrent -

——

Vm
Tde ;\i‘gte;.. :-—ﬁ*—p-\“(CD_S*’?)

“ .Du_"iﬁt{j:_ Pow e 5

POQCLO ~ Nge X Tde .

~_EtTect of Fres wheeling dinde -

R ' weverds Hhe
— Exeept  for  Hhe dinde voukage drof , Hhis diode P

Jdoad Vou\}qﬁe from bec;orm’ra v&hf-h%a$fw_-

— In half wave ~eckifien woibh an Tnduckive !oac[ , Uhe de OU-*LP”J"
Voltage decreases , Thes s ‘51'<Tm'ﬁ'cc:rd* dfgadvqnh@f. To avoid Hhic,




a diode 15 Connected in Pavalle) wiHy dhe doad. Thic diode
f called 0% Free wheeﬂ)‘ﬁ Diode w(pf")

iT TH I-L
o Vaiin |
Wy > A2 :
%% o v=V__ sinot B
=15 max AD.y, Ve
_ iFWDT L_L
-0 . i) &

g Duw"'U the nﬁq};\,ﬂ ha,lﬁ‘-cdc!&: the :‘nc(uc{?d v@dﬁcﬁe atross  Jhe

Joad inducts j
b g O:\fl‘ﬁywqw{ - bigges Uhe Ffree mlnﬁdir&n] d;‘o&e (oF) , Cqu%;‘ra

’_':p’
77?9 Chevsy  stowed in dhe Jdoad fndu\c}-oy s d
diode . Ag q oesubt | Uhe gcr fy ,

bewmesy zemo.
I
Supply !
voltage ' |
¢ | 1 : —» (]

Firing | H 5 |
se ' i
pu)T $ 0 . : j

§ *—‘a””“’*: | :‘_aﬁl
|

i
Load 'I | I
voltage | :
B 0 : '
‘ (\ "

> (f

ssipated  Hhoyg He

5 o and the oubput VoLHGQQ

: » ()f
i

Load
current

l

0

Voltage
across
SCR

N\
v 0 \/
©




X Funclions of free tt'hﬁeﬁft}i Diode '-

D Tt pyevenks Fhe Jdoad \;o

Lhage [rom  hecoming Nesakive ¢ opl
Cor the 8mald vDulMde MP a;m%g i Od,;,;,:ﬁ.. €d )

Y Tt Jvonsfers dhe dood cugyent away fyop Hhe cer , allow
Uhe 6CR to fuyrn OFF when Uhe Supply vod}ad( become nf@ui]\r?-

™ Y I ! 3
- FaNOY W ™oy -\ ]I ~ 1/
% 33 single phage Full waw Condrolled  bid

AL ’l""[Pllf 7 L‘J{_.P--h K _!J):..'A

F’G‘S%ong Clreud't dn‘qa«‘z&rf) Fons (i Full woave Condrolled bm'clae

eckifreny wibh R Joad -
@VS - W3 >

T4 Z& & T2

T~

Fig 184 QU waw Gnvoned bridge wrecti fior with R (oed.,
A 34 Full wave Conbmolied baidge weckilren  Converte 4 14
AC gL{PP{‘f r'Moq CDH}W“EC{ nDe OUJ‘PLL} ug,‘nd Q)L!’J‘ 5(’45{'5
(thyafstors)
—> The outpul volka
of the 3cRg .

it

- Can be vovied by changing  the fiing angle)
¥ W 4

= T L}-Lug C["T‘CLU'& ’,J-F)e Jgod s PL!T‘ED\’ Y615H Ve (R LOQC!)’ILhe/ZEEJTe'-
Joad Curyend and uouutﬁ{’ are in phase.

—) Cuvyrenk ée(,’orr)ﬁb Zenn  eoheneves volda bemmt’b 2800
—Y SC-P\IED dd‘u’“ﬂ) OFF‘ ﬂcd'u”fa.ﬁh\ &1- d"hﬂ e_hd Qc:, EQ(L\ Ooﬂdqchlaﬂ
P&viod .,

™ It Gonsisks of Loux SCR's , Ac Gource and weaishve dood gud

7 S(R5 Gxe Connecked (n brn'dae C'onfr‘dqm”fbn.
™ 5CR Tw'jjea'n patvs

D Pocilive halp cyele = To and To anve #viy3ered
) Forr nq,th‘me holt cqele - 14 and Ty é-ﬂ'gjwecf-

= The Qqﬂi@ Q%le ies ™Measyyed Brom 2en0 rosting 6 the
Supply vo age - d
5. bagTgy Duwing v half Grcle Tiand To awe forword




brased . nitially &u}e pulse 15 not applred an ScR g turn
ofF.

= Ak Oy and-ff (wt =4) a geke  pulse 13 qpplred Ql'muJ%dne_OUé“f
to F oand 1o . Both 8CRs  Glant Conciuc_fd'ra.

L AT
1 Supply vollgge Lo
me
OF( ’ U
4 m}umu\(, a1 SHENGE T8 huvw
T . » wi
| i 1 | ] i
I :\\/ H :\\_/:
] I ! i | I ] 1
1 i ] ! ! | i 1
“el M 1t
1 L | | i FWt
| H | I I I | t
I i ] ( i ! [ 1
i i I | ] i 1 I
Vout l/\ r\ r\ | |
1 t i I i
1 I 1 | |
i i I | i [ ] I
| [ [ i I I | [
lout | ¢ L . :
i I b I i
] I | i I
' : . L wt
I I I i | i i I
| 1 | i I 1 [ I
Vi | 4 ¢ A ¢ 1 i
&Vt /' Lo /I o I
d 1 | 1 [ > wt
I 1 ] I i ]
[ 1\/; I i I
- Fig. 2 - Single phase full wave controlled bridge rectifier with R load (Input/output waveform)

4 qu’ra,j heda}:’ue hadf %TCJE‘, SCR Paivs b T and T becomes
Forwanyd braged
. AT ~ T+« da}e pulses agne QPP’r'tc( to Ty and Ty .

-3 ﬁ!]’"hOb{dﬂ"\ SoUYCe Pﬁzﬂ’ﬂ‘f’ ' .
5 15 weversed , dhe by q : ]
ensuves hat dood curvent Plows 1 Hhe s ﬁ;mz;qnafmenf

— At wt 22711 Cuvyvent Bemm% 260 7.
| * Ts and T
the game cyce vepeals G'Dﬂ}r'nuouél\f. 4 fturn  off na}umﬂj




* Bverage oubpub volkage -

..-rf‘
w it [T simot. dist.
o{

-
v j
ot _.(:ogw&
e 7 (_ 3

Vo ~ ———-V;) L+ COSO{J

Bt q_u_“ )ﬁ \,mLE_ritL .

t T L.
Voo ™ N7 f Vo 4inot  dwt
4

T 7 (ACos 20t Ydwt

Vow "= '}}"f—m?? [(ﬁd) ’Ps}'nw—’]

‘;fq—{ﬁﬂ—-ﬁ)—};\ (”1 outpu - C u;wrﬂ&r -

-
T e :—;’%{f Vm St d(wt)
s{

Lte = Y0 [1+008%)

“RTRA

* Gauakion (oo powey oubput
Rle = VaeXx Tde

K 3:3.2 f_'? (t.tif Lo W C"J.P"_b 0| H ff/{ J_%-‘a}_{‘_:}\!_' Ku_h_ﬁ 1€ wuh RlU Lleoad =

— Q‘@t shows  Cilwcud't a{thﬁ‘%um & as of 18 Full wave conbuolled
Bm&aﬁ reckiFren .

=7 The civewdt wnsists of  (hunr ScR'e, T ,T2,Ts and Ty.

—> 6;'0@16 Phase ac SuppM .is connecked in Geey oikh AL Lload.

™ 8CRs ave Gopnecked in E«n‘c{d}e Con Qaurakion .

= Unlike  uhe  R-load Case , e indaclor Stoves eneryy and
OpPoses  Sudden changes in  curvent . Thee fywe whe  dood

®




cwrrerdk  becomey Condinuput ond doea nol become Zex0 fmedn‘qﬁel)(
when Supply Volfoge Crogges ze .

&K

™ LR

SR OO

Fig. 1 - Circuit Diagram of Single phase full wave controlled brid
5 E‘IDTIJ‘B} _i f—— M ode @
== J

s Dtm‘r@ Positive hadl cucte , ge Re Ty & T O R hiose] Al
ﬁ")‘fﬁ Qﬂ@?e of 9&‘0}6 P‘ds‘eﬁ Q@ Qppfr'f.d 1’:0 T f]!’)(_{ Te .

L Cannrenl Ptlﬂ“h Ve —> T WS T, To — Vg |
becom e \’f? =~ Vm Sinwt .

ge rectifier with RL load

The ou}pu} V@bU‘G?(

Vs 1 ' _—
3 : T i
. Gate| | : _,_ :
™ | |
ff__"__ i ] > wi
i
toT :
] i \
) Vout | | : ,
I
i
2‘5: ej-a | I > wt
o)
o I
r N N
I
=3 lout | b B L
= I I I ;
| i
§: | — bt : f e
3 i i i
[ I i ]
9; : : | | i : I
! i | i 1 | !
(‘;‘? Vi1 i | /] : i
= i 1
§— & Vi2 ; : | | I : > wt
* I U' |
|




Mode -@)
T Al wt =T, supply voulage bewmes nggebive. Howkver

doad  cuvvent s skl Positive due o ghored magneic. vt

,.;nmLe;ﬂﬁwa T, ond T Gonhnue Gonciuch‘qj beqond T . Cusrenks
Conkinues m}hmuazh dhe Same SR pair

—> In Jhis  méesval ouwkput wvo e hetomes h‘?GGJ""VQ"*”A
dooad  cuwvent memadns  positive .,

—> Mode ~®

55 NE@CLP-?'VQ !’1&“3 [dc'g_ (ot :ﬂ*a{) -5 Gee Pu)s@'-) Qe qPPf,»ecl

Lo gcrs Taand Ty, hen T2 § Ty wid turn ON-

s Imm{dra}ejul T, and To awe wtverse biased , Jhey  fuan ofF
nQJuWCL .

« Mmode -@ -(From 27 Eo(21144)

T Bgein Suppl Vﬂtu‘qae Cfnetra&-b Polavf{j.Homevw Cunrent

Continure, t» due to 5tored 9'1’1@73‘1'
—> Ts and Ty Conduct beyond 2TT. At e next fffm‘rzj pulses
Ti and To take OV The Cﬁﬂff ')ﬂepeal‘ﬁ @Mr’nuc%{[-

\ f‘l s 8 2
ot g o werpul  vodle 9e
= B ——— —_— —_-_1_:

- ) pT+K
v "T?J Vm Srn wt dwt).
"

" f-_%ﬂl-[-Coswﬁj(VH)

?
W;*&ﬁ?)’d{
Vo 1%_?’— *Coe—"(ﬂﬁ)i'cnﬁﬂj N ":ﬁ:L
VD -’_____?‘_:;;_@_.—PC_.OS%' i

N Ams dubput avf-sl_EFﬂi?f{

Vo = (Mo R
?ﬂf N S wt d(ot)
ot
UM. 2 Umi"(f”"ﬁ [ﬂ] dwt
T q -
s

— s\ T
Voy = [P FBE _siaat] |
T = 4 2

D)




Vm

VO’Y‘ L —

[z

R dutpub Curren

t,

e - W Q'\;m [605%_]

2’:' ‘) t.L_I‘ ‘-\] U:‘ j’l /’j n’_"\ f‘_"‘_ ) P‘ -;

fotory = Vo) X Loy |

N By Tho-ee j-"{'uril-.

3¢ (Wl W =;_".::-,.--...I-v;.oilir.‘.-l.,_ _J~;»_r.1}'i_¢_t. ’ar.'sl-rf'.u'f.a_ o

T1 T3 Zi Ts

A o—
Bo éR
C o—
| P | A~ | L
T4 Tei& T2

Fig. 1. - Circuit Diagram of Three phase full wave controlled bridge rectifier with R load

Vs

i

i F!'d' @ Shou)g
Q e siokive o

Phase Voltage
. Waveform
A B C

o Elng 60" S0 120" 159* 180" 2100 2407 270° 3000 3300 360

Fig. -2 Phase voltage and Line voltage waveform

A 3% Lull wove Conkvolied  baid veckifiey itk
ad- It Gnsiot of sy Ac votage . phase 4, p,c

™ each  displaced by- 120",




— Q 7 p
T S‘T;:f 'SCRJ‘#QTQ used Ty 7o, T (upper Feioup) and Ty, Tg T ( lower fio)
e Gucallt operakes b7 tvi99e28ne  one gep in dhe up per Jd

ond pne in the dower [ex. Gimuﬂqnﬁau%b' o Cweate
Candud-n'nG peth Cof Current |
L_? "
TT',ET Ccmzjuc’rior} ISGC}uf'nce Lhows q den’q pakkan oot
Palrs of geRle ! Gﬁ”—‘?fff'?—'*"??—‘f.?a——’? 31”54,*—)&{3’-5——:@;{;3%;@&?’
65 Rep

™ FEm- & .
3 @ Shows phase VmU“Cra—( and line vo]%e Lave form .

T A B C
Vs - Phase Voltage
¢ Waveform
T L] L) b ] i [} 1] :W{
0 /6 n/3 w2 w3 36 Sn/6 n  Tafe Aw3 SwE 53 /e In
: | AB AC | i BC i BA: i CA By |1 AB
Vi _
Line Voltage
Waveform
Vo
a=0
» Wi
4
Vo
a=e60°
» wi
Vo | EAE;’ACEBC[BA}CAECBE A b
MAATANAVAVAN VIR I
R A e T eSS SU S "

G+ TIP-olp waveform of o Full wave Condlled  bvidge Reckifier
. wHh R Lead .

— Theee phase Vmi}-qa_@ one. c{ee.(’m'bed ay -
Va ~Vm -§in(wt)
Vp - Vm-sm(wf"%‘)

Ve = Vo - 51 (h){' _'2“0)

Vo = Vab Vg -Vp - Vi Sinfot) - Vm Sin (wt- (25)
Vab ~y3.Vm: Sin (0t +35)

o L"V]Q 'IID\M'C#@'(‘B \}hﬂmgQPWB ane ’Q_Qo qpq.{‘-{- P emch (Ec\dfr@ *he"ﬁ’
(bwegponclfr@ Phose voutages by 80,

©




T?Minimum [ Qndie o 90, mMecnin 8cR's Can not be }‘”jj%fd
btlowe 45° becauws ¢ othex  phoses ool have. h@hw VovUn@Eb.
T T bhis topic Hhyee cases of f:’frﬂ'fﬁ angle -
1Y =8 (eFleckive shaxt ot o)
1) 8 =¢c (effechive Slovt of 30?
i q = 30 (Lfheckive st ot 125)

. M ¥ =0, The owbpuk Vodtgae follows the [ine yodsg waveform
Conbinuowsly, ?egulh'rd 'n a CGnt'nuows oubput uoLUL-a&e wave fovm .

Mt %60 o
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\ Dehailed classificalion of Tnvertess

D According to oukput Chavackesishcs
a) 8quave wave (nyertex -

b) 8ine toave inverter -
e) Modifred ainewave investers

?) According +o the ¢ounceefinvextes

0) Cunrrertk Gounrce inverhe, .
b) ‘Vod}aa-e Sounee Nty .

2 Acco'rd!‘nd to N pe of dJoad
D Sing1e phose Tnverter - i o
D Hd® boidge jnyester i) Al bridge imverttr
b) Thvee phase Tnyester | |
i) 190 degtee mode inverber. i) 120 degree mode inverter

%) Aceordin to Pwr techruquey
a’) Sr‘nafe Puse toiddh modulakion (sPwm)
b) muleiple pulse widkn Modulakior GPwNY
&) Sinusoida) Pulse widkh moduwlakion (8pwm)
4 modified 8inucordal Pulce widhy modulakion (MEPwWM)

3) ACCovds to dhe onnedron

1) Sexrey Thvesters .
(7Y Paval®) inveskens |

X Concept of vod bage Soywce Tnwes Fosy s — (VL)
= — ‘] i d 5 e Vi

T Vod)rqa{ Source Invester o an Thyertty wheye the input
De UOLULq@e s Gnsidered o5 q eon e e nt \/olhd{ &our(e .

= In VST (ppuk vm}qae_ 5 kept  constant. var o Lo from q
Dc Voma( source.  haur n ];(Tb[e O Zeno ;’mpedqnce‘

TS0, o make 4 VSZ we “gpnect q de Gource In Payalte) wikn
Jawge capacitorns  dhak mainkaned npub Vodbage  (onglant

™ In case of VST an oukpul vod}c:{rﬁ 's mdependent of Joud.

T R, dhe waveform of dhe Jdoad cuvvent as well oy (Mo
mqjm'hd«ﬂ depends apon. he nature of doad impedance
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™ TIn Vnuunﬂ&e Source  Tnvewter (VSI) we 18e popey semyconductor
‘jw."#cw’f}d deviced /n Hhe Cirewt like pocoen BIT, Powotx MOSFET , TGRT
haw‘nd 5UUF Commubelion properties,
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They ave also called Current (o verter . an idedl esyon) Sounce
has infimite  fnterney 2518 e e

1 50 Cymrent Sqpplred emeu'ns
ConsFant -

Thewebore , e DC Sounce e howes as 9 Cyvvent Souynce .
™ To oblain o consfant Cuywent Source in qcsr, q Jqqae Genjey,
Mductor 16 Connected wih he pe Souyce .

™ In g Cyrre nt SoUrre inverter, Jhe Dc gounce, U-he DC Soyrce

has, Venry hﬁh inkernal vesictonce | which provide o Corstant Cyypend-.
= Inacsr, he- oukpub eypoent does pot depend on dhe  doed
I'mpedance .

> Thymis lone Are genevally used as fscor'fcbwﬁ devices, in q C3T.
—? The Invertex o pu} UﬁLU‘naL& UO!'n'Eb Qclonyain {'o H)Q doqd ;’mpedqn(e_,

= Ewn if q Shoot  Cinrcwr+ oy in Jdhe C-f’)’rm’(', dhe CUrrent Ctogs hal
Nereasy e Signi ficankly s dherepore | Short  eimuy’

t proteckion [q
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VSI (Voltage Source Inverter) CSI (Current Source Inverter)

1. In voltage source inverter input voltage is 1. In current source inverter input current is
kept constant. kept constant.

2. CSI is fed with adjustable current source
from a DC voltage source of high
impedance.

2. VSI s fed from a DC voltage source having
small or negligible impedance.

3. VSI can be converted into CSI, By

3. DC source in parallel with large capacitor. : S
connecting large series inductance.

4. The input current is constant but

4 Input voltage is maintained constant. :
BN RRNRES: adjustable.

5. An output voltage is independent of load. 5. An output current is independent of load

6. The waveform of the load current as well as | 6. The magnitude of output voltage and its
its magnitude depends upon the nature of load | waveform depends upon the nature of the
impedance. load impedance.

7. VSI has slow response than CSI. 7. CSI has fast response than VSI.

8. The CSI does not require any feedback

. VST requires feedback diod :
8. VSI requires feedback diodes diodes.

9. Commutation circuit is simple as it
contains only capacitors. It uses voltage
commutation.

9. The commutation circuit is complicated. It
uses current commutation.

10. Power BIT, Power MOSFET, IGBT with

self-commutation can be used in the circuit. 10. Thyristors are Used.

11. In VSI diodes are connected in parallel. 11. In CSI diodes are connected in series.
12. PWM technique is used. 12. PWM technique is not used.
X 3.6 14 half waven bvidge Mveritr wih R bad
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and uUhe m:’dpor'n} of he 'nvexter guwitche) .

—> Cinveed f Cbn@'duvaﬁ'l'oﬂ 1, Shown helow |-




X i “_Tgm
}; o - A
> vﬂ
D i,
Load “
VS e RL iT? __TiD]
2T T2 A
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Fig. 2 waveform — Single phase half wave bridge inverter waveform (R Load)
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Voukeige (ve) U‘afﬂd Fwo condolled  gwitches (T1,7) and Fuwo
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™ 14 full e bw'clae invenrter bw:icadw Consist, of of Scrg Ny
and Foury dinde CD, ko Du) these dfo({eb a~e called [eedback diode.
= These diodes Functiony 0"—1‘-] when Jood & other Uh
Uoad . Eech disde Connecked in ant
—> E‘a-{D Shows Cimewth Conﬁ.l;juva}']bh
nvertey with R- load.

— The \fcd}qae INd  cyyvent waveforms [oy a resiskive doad
are 05 Shown in Fg-® . The Eﬁn'cl&@ inverter opeyakey 1n two
modes  within one cdde of the oubput ,

K Mode (Do <t <T 2\

7 In dhis mode , Switch
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Circuit Diagram of Single Phase Full Bridge Inverter with RL Load
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— The Cirewt't for Full b'vr'&ﬁe invexber wibh RL Jdoad  Connected
between poinks A and s .

— Lt Gnwerte pe inpuk vodbge Cvs) inko Ac owtpuk Uod)rqﬁc (vo)
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15 +Vde .
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immedf&}UL{ 2exo .
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Continues to Flow J‘hwu@'h disde D» and Dus in Uhe qame.
dineckion. , '

= Thus » In Fis mo de, Jhe eneryy 5{-0’5'&1 in dhe Joad mc{udfqnc&
o Rd back to tthe Source. The dinde D3 and Da tumed off.

@) mede (5) (bs <L) %

— when GuwUches Ty and Ty ave Juyned off simultaneordly, Hhe
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curvenl Staxts to Teveyge |

™ Rt dhe Game bime , cyrrent in dhe opposite  dinec
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3) y_g_d}A‘p ﬁgé_uﬁ}_,"gﬂ " PWM  Can ’)ﬂe(juda}e vd}q%t o Cuvre
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analgy Voltage levels from d.@'ﬂq Signals

Types of pwm
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’5 Sngle Pulse width modwlakion .
2) mulkple Puse (o;dth Modwation.
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* Sinuysorded Pulse Widkh modulebion - Gancept
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R. C. Patel College o

Shirpur Education Soceity’s

Department of Electrical Engineering

f Engineering and Polytechnic, Shirpur

QUESTION BANK/ASSIGNMENT -03
Course & Code: EE-3K

Semester: Third

Name of Subject: Fundamentals of Power Electronics

Subject Code: 313325

?;:)e. Unit 3 Controlled Converters (22 Marks) Exam | Marks
1 | Compare Symmetrical and Asymmetrical Halfly Controlled Rectifier. WA 4
5 Draw and explain 1¢ midpoint-controlled rectifier with Resistive load. \%2242 .
Also draw input, output waveform of it. )
Explain "with circuit diagram the operation of single phase fully W-24

3 ; : . W-23 4
controlled bridge rectifier with R-load. 94

4 | Compare Half and Full converter (any 4 points). W-24 4

s | Draw a neat circuit diagram of 1¢ half-controlled rectifier with R-L Vg“;: 4
load. Write its operation. )

¢ | Explain with neat circuit operation of 1¢ full bridge inverter with R-L | W-24 .
load.

5 Draw the circuit diagram of pulse width modulator. Explain the | W-24 .
working principle and draw the output waveforms.
Draw a neat circuit diagram and waveforms for half converter with R-L, | W-24

8 N ; v ; 6
load and free-wheeling diode. Explain its working.

o | Describe with neat circuit and waveforms of 1-¢p Half bridge inverter | W-24 i
with R-load.

10| Draw full bridge and half bridge configuration with common cathode. e 4
Explain the operation of single phase fully controlled midpoint | W-23

12 2 : ; ‘ S-22 4
configuration rectifier with RL load.

(3 | Praw and explain the working of I-¢ half wave-controlled rectifier with | W-23 "
RL load. Explain the effect of freewheeling diode.

- State classification of phase-controlled rectifier. Also differentiate | W-23 -

o)

between controlled and uncontrolled rectifiers (4 points). i

15 | Give importance of free-wheeling diode in controlled Rectifier. e 4

i Draw and describe 1¢ Bridge Controlled Rectifier in common anode | W-22 p
connection,

17 | Praw and describe 1¢ fully controlled bridge with inductive load. Draw | W-22 .
input and output waveform.

- Explain with circuit diagram the operation of single-phase full bridge- | S-23
controlled rectifier with R load. 4 J




Shirpur Education Soceity’s
R. C. Patel College of Engineering and Polytechnic, Shirpur
Department of Electrical Engineering

Draw waveform of the following power clectronic circuit. Also identify | S-23
the name of the circuit. Refer Fig. No. 01
¥
NL -
| w T
+V -
19 ) ¥ R
Supply u Vi
D : l
Fig. No. 61
- Draw a neat diagram of 1 ¢ half wave-controlled converter with RL §-23
load. Give its operation.
21 | State the effect of source inductance in controlled rectifier with waveform. W
22 | Explain the operation of single-phase half-controlled rectifier with RL load. +2
23 | State the effect of source inductance in controlled rectifies with waveforms. B2
- Justify with sketches the effect of freewheeling diode in a fully | S-22
controlled rectifier with RL load.

o
o+
x.
o+
x.




