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POWER ELECTRONICS UNIT-1I CONTROLLED RECTIFIERS

Controlled Rectifiers
Important Definitions

Firing Angle [ Delay Angle §: Firing angle ls e reference o the voltage level af nﬁ%
SCR = tumed QM. Or  The Firlng Angls s the angle at which thyristors are mggamd_aﬁar

Zaro crossing. A\ 7

Conduction Angle: The Perod uiFualmHaH—CydanfnﬂwamdudﬁgWaﬂulm-
Controlied Rectfier (SCR) s tumead OM.

o

If & Iz the Firlng anghe, the eonduction ange ia w-a y

Mote : The Following points mu:rtllu kept in mind while discussing controlled rectifier:

L |

1. The necessary congtion for turn OM of SCR s that, @ should be forward based and
gale skgnal rr‘ththa applied. In other words, an SCR will only get turmed GN when it s
forward bigsed and firad or gated.

2. SCR will only twn off when curment through | reeches below hoiding curment and

r‘hueraé woltege is applisd for a tima paried more than the SCH urn off time.

&

&
Mllﬂ Rectifier: = A conirolied reclifier is a circuit which s used for converting AC
}jhﬁwmnmudladeppry& fed 10 Ehee I0E0."

N This process of comeerting altemating curmant (&5 1o direct cumant (DC) s sleo calad
\ a5 condrofled ractilication
N In controlled rectdfier, the diodes ara replaced by Thyrstors or SCRs

(Sdcon Controdled Rectifiers). As the diodes offer no contral over the ofp vollage, 5o the
Thyrisdors can be wused to the controlled  output woltege by adjusting the fiing angle or delay.
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POWER ELECTRONICS UNIT-HI COMTROLLED RECTIFIERS 5&
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gle Phase Hall Weve Controlled Rectifier is a rectifier circull which converis AC
The word *controlled” mesans thal, we can change the stariing point of load current by

i\ N carrolling the firng angle of SCR.
A Single Phase Half Wave Controlled Rectfier circut consists by one SCR [ thyristor,

£ an AC voltage source end load. The load may be puredy resistive, Inductive or & comiinatian
& : of resistance and inductance.
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UNIT-1I

POSWER  ELECTROMHZS

CONTROLLED RECTIFIERS

Figure Shows the croull disgram ol Single Phase Hall Wave Controlled Rectifier with
Resiative Load. In this Cireult, an SCR (T ) s used 1o rectily the incaming Sine Wave from v. 4
the: Irput, and this recliied oulpul will be sugplied o an Resistive load,

Wy = Load sutput vellage T —

T

@ﬁ.-ﬂuﬂnuﬂ )
h M N

>

3

iz = Lodd curnenl

Wiy= ‘ollage across the Thynstor

e

Duwring the Posilive Half Cycle of the Input Supply, the SCR [ T ) is forward biased.
The load owtput voltege is zern till SCR I:rwmd»ﬂmng this oycla, tha SCR is Triggerad af a
firng angle wt=aoand SCR | T 1w Sbﬂ?&hduchﬂg But a5 soon a5 the supply voltage
bacomes zero af wt =, the kead w—fa-l}gﬁwll becoms zers

After wt = { During Megative Half Cycle |, SCR ( T ) i raversed biased and wil
Turned OFF &t wt = andwill remain in OFF condition til it & fired again at wi = (2r+0),

The wawe shapes hwﬂnaa and currant in case of Resistive [oad are shown below:

FACULTY NAME- SUBHANKAR DASH
ASST PROF ELECTRICAL ENGINEERING



Page 4 of 18
CHAPTER 2 PE &PL.C NOTES
EE And ETC 5th SEMESTER

POWER ELECTRONICS UNIT-1I CONTROLLED RECTIFIERS

Therafore, the bead gutpat voltage and cument for one comphete cycle of Input supply voliage VaiNd
may b2 writhen &3 '
Vi = Wy Bin o for o= wis m

Iz =WqSinut!/ R for ogswk =W

NGO OF SWErace Loadl LA I LR ¥

As we know that, average value of any funcsion fix} cab be calcuated mmj"‘m&iﬂmﬁa

' 4

T s’
Awerage Falue = (1T |r- Fia - '
4 .|:| )
¥
Let us now calculale the average value of oulput voltage for Bingle Phase Has Wave
Canlrallsd Reclifier, P
Average Value of Load output Voltage

in
- {1,1"211':|J‘ VS hnotd (wi) . e
b ‘\ C

> L] an
= [1fzn}r VmSinwtd(wt] +T'|r’m.ﬁnmrd(m;} + ]r ¥mSimatd(wt)
(1] 5 | "
Since the waise of load uj’[]:utmffém-ls zern from 0= wt sa and w=wl<2m, thensfore
= (1/2m) J "mSintd]wt)
- VQ, F

= (Vm2m) | Sinwtd(wt)

#{E} tl + Cosa)

'For Single Phase Half Wave Conirolled Rectifier:
s Average Value of Load output Voltage

S - (::] {1+ Cosal
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e

From the expression of average output woitage, it can be saen that, by changing fring %
angla o, we can change tha averaga output valtage, NS

The average output voltage Is mummmmm-uhhmmdmﬁx"
minimum whan firing angle o = w. This is the reason, ih:ﬂhﬁ’pl’hu
controlied rectifier, -

Avarage load current for Single Phase Half Wave Controlled Rectifier‘can. aasily be
calculated by dividing the average losd outpit vollage by load mesistance Ft.",‘ )

Flgum Shows 1 (a) ﬂ'ua circuit dlagram aof Sn;la FhEma- HElrf Wave Controlled Rectifar
with Inductive Load. In this Circuit, an SCR (T ) I8 used o mtill'g,l the mcoming Sine Wawe
fram the transformer secondary, and this ractified output will M supgliad fo an inductve loed,
BUCH &5 8 medor winding or relay cotl s ’

Tha weve shapes for voltage and eunwtlniéééa of an induciiva kad ara ghen in
Fig.1.b. Thee load is essumed 1o be highly

h Y
N

TS
L ,,-' A
s H .d i
o I i S
Mo | ﬁ
Fi. s s comoe rectfr with .. oo — .ﬂ_
%> R’
o L 4
) & ilmge # | H | i
-q‘/", .HTI | ;I‘H] !
“‘_ L

S | L/ )

-~ Fig.L{b] o A g e o B ol
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During the Poeltive Half Cycle of the input Supply, the SCR { T ) Is forward bigsed,
The load output vollage Is 2ero bl SER tnggered. Duning this cyce, the SCR s Tngggr'ed‘ﬁi a ;
firing angle wd = o and SCR { T ) will Start conducting. The SCR will continue conduted in
posiiva half cycle, 2 S

Durimg Megative Half Cycle, whan tha supply vollage reverse, the SER T | |e kepl
conducting cortinuousty des to the fact that curent through the Indh!gtaﬁl::a cannot ba
reduced te Zaro. During negetive woltage half~cycéa, curmant il txmi'um::-ua flow 1 the
energy stored in the inductance is dissipated in the load resistorand & part of the anergy is
fad back to the sourca Y

The effect of mductve inad is increased in tha mﬂuﬂm pariod of SCR. D to this
reason. effaciive Load Voltage and  Load Cument will reduced. This problem can be
resolvad by connecting a Fras Whealing Eludn incanti- paraliel with the inductive Load,

F \\-

W-Aﬁmﬂﬁllm}:ﬂuhhﬂ“&ylﬂuﬂumﬂﬂmh
inductive load larminals ta pmfpilﬁ:rp;dwdupmﬂuf high voltage across the swich. Whan
the inductve circuit iz switched off, ihis diose gives a shor cirout path for the flow
nfhdudnrdnﬂa}rcmnt‘arﬁhwmadiawaﬁun of storad anargy in tha inductor. This dicda is
aisn called Fiywhee

il L PIRL SRR alnk

1. The %mﬁ‘heeling Dipde impeoves the waveborm of he load cumenl of Rectifber
circuits, inverier cincuits, and chopper clrcuits by meking it continuows,

2. The Freewheeling protect the SCRs from damage in the cirguits with Inductive Load
“from the excessive everse voltage creafing by the Inductive Load,

3. Tha Freewheeling Dicda improves the Inpul Power Factor of Phase controllad

\

- Reciliers,
. ; = 4. Tha Fraewheeling duode sustains the aversge ocutpul woltsge of the circuit with
N Inductve Load.
AN G. It alsa helps to reduce Ripple comganents in the oulpu signal of the circed with
frcluctive Load
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Figure Shows the cirguil diagram of Single Phase Half 'Wawve Controlled Hul;}ﬁql,w;lh
Inductiee Losd and Free Whaeeling Diode. In this Circut, san S5CH i uud"'gmﬂrfy tha
inzoming sna wava from the transformar seconrdary, and this rectified nmi];‘wllwbé suppad
o an induciiva load, such as & modor winding or relay ooil, The Frae Wheelng Ciode is
connected acsoss the Inductive Load in reverse biasing, v, Y

y

-

S 1

e BIE b E::

e Ay :)\y ) 4

The wave shapes for wllage ;‘I'hl »Ejr'll. in case ol an induclive load with Fremshizebag
Diode is shown below; ~_~ 0

ax
LRI
_"JL
-t Al T LT dir
S i i
Jrimlar I_I i
in : 1
N - - : ot
€ N E i - |
N winlimpo # W
t g e "
VoY } . Py
-
e\ )
n E e ! I
A\ U 4 (] i Y —
e 4 ST ] i i
1
. Y [T |
»
. ; ;
)
AN
Flg.-3 Moavingforvme fod G df eseee coedmodbiad-rge 0 flaee andd B desoliac e

howyed sarend froeao lieelirag elicsole
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Curing the Positve Half Gycle of the Input Supply, the SCR is forward bigsed, The
load outpud vollags is zaro bl SCR triggared. During this cycle, the SCH s Tripgered at a
firng angle wt = a and 5CR  will Star conducting. The SCR will confinue conducied in
positive half cvcle and allowing the currant through Inductive [ R-L ) Load. The ﬁ'aavdﬂmg g
diade {FII) is reverse biased Daring this hatf-cycle,

L=

ﬁ'r "4

Dwring the Negative Hal-Cycle | the Freewhealing Giode becomes ﬁ'ﬂuﬁ: brasad and
iha SCR wil Tumed OFF, tha cwmant thal was previcusly flowing heoegh' the SCHR and the
kad inductance, also slans fo switch OFF, which causes the wﬁ:y.ﬁ davslop a large
mverse woltage (positive on the battom of the nductor, negative.on the top) to try and
mairtain the previous cement fow. Thes lame mnrsq»wii!q; spilke would ordinanly be
applind across the SCR (positve on e ancda, negative ﬂn}’lﬁ cathode), polentially forcing
it to continue o conduct when the gate is no hggl-r wahlud. and polentially darmaging the
ESCR

' 4

"

For this reagon, a fmewhesing IMD] is connecled in pacallel with the inductivae
kained . With FD presenl, the lange m-zr:l\-!ﬂam that would normally disvedop across the oad
inluctance, causes FO bo bﬁmlﬂwﬁd biased, which acls like a shod-crouid o clarmp the
reverse voltaoe spie ﬂhﬂ*"ﬂnuﬂ"ﬂhﬂn’-‘lh oo booa sale level, crresponding o tha
lorward vallage drop m!; FO and oulpid voltage across the Ioad will Zero during this
Megative Half Cycle and cufrent will fow continuously as shown in woltage & Current Wave
shapas, r

'}

Single Phase Full Wave Half Controlled Rectifier with Resistive Load:

%
\ w& Phase Full Wave Half { Semi ) Conbrolled Rectifier is @ rectifier that convert the
nﬁ,‘,hﬂg&m D veltage during beth the positive and Negathe half cycles,

L Im Hall Conlralled Rectifier, One SCR and ana Diode conducts for posilive half cycle

7 and other one SCR and oiher Diode conducts for negabive hall oycle 1o conver the AC

=
Y vallage to DC valtage.

.
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The Gircaust Cragram Fud Wave Half controlled ractfiar s as shown befow:

- Vor
| | . '
I3 Iaz IL 7 ~
SCR Zi';ﬁf »y
AC Supply )

N W

o

During lhe Positive i'idfﬁfﬁ,rﬂﬂl‘n Input Wiy Sigmal | The Currend flowing through the
path of: Uppar Tarminal ::'li tha Supply ( + ), SCH,y , Load { B ), O and back o Lowar
Tarminal { = jof the Supoly.

Similarty, tlu%tha Mepative Half Cyele of Input Wey, The Cumrant fiawing throwgh the
path of - Lumil_Tﬂ:fmml(*r 1. SCR:, Load ( Ry ) Oy and back to Wpper Tarminal | - ) of

thes Eu&pﬂl.
T Voo
{ ’_vm = . P,
h "
1\}*\ ) 4 ¢ # i [
/ it ¥ i
~ ¢ 4 i SCEs J f SCR:
4 r Ca i O / Fi Ch
el -
" “\' 21 it ichuoio

It is clear that cna SCR from the fop group (SCR; or SCR3) and #s cormesponding
Diode fram the bottom groap (D or 04 muest conduct fogether for any load curren o flow,
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S
Thus the average output voltege, Ve B dapendant on the Finng Angle o for the two %

SCRs includad in the Hal-Conirolled Rectifier as the two dicdes are unconbrolled and pass N
current whenaver forward biased, So for any gate finng angle o, the avarage output valtage .

is givan by LN
fAverage Output Voltege and Currant o

o o
- ..-.E'."'_j_:-?iul':-\. = A e oo ) ,

S n s

A Full Wave Full controlied rectifieris a devies ™ which converts AC supply into
Confraliet O supply & This Fuly contrallad. DT power supply fad 1o the foad.
This process of convering allemating currant (AC) into direct current (DC) = also
called as controled rectification, )
The Circuit Diagram Full Wave Fu “ﬁﬁiﬁii&d rectifier is a5 shown below:
S .

4

Vou

j'ﬂ [-:_
SCR;

— +

.Ah'_
) ""LI Risep

« \ . Im )
— SCR; SC
5 D= D

'.;,h\:'r

In the Full ¥¥ave fully-conlrolled rectilier configuration, the average DG kad vollage is
w.._ controfied wsing we thymistors [ SCRe per hall-eyde. Thyristors SCH, and SCR, are fead
logether &s & par durlng the positive hatt-cycle, YWhile thynstars SCR. and SCR; are alao
fired together a8 & palr during the negative hatf-cycle | Le. 1807 after SCR, and SCR, .
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Durimg lhe Possive Hall Cycle of the Inpul Vi, Signal , The Currend ficeding hrowgh the Va >
path of. Upper Terminal of the Supply | + ) . SCR,, Load { R, } . SCR.. and tack to Lowar \ Y’
Termingl | - ) of the Supely . A v,

Similarly, During the Negative Hall Cycle of Input Ve, The Curent fiowng thfeugh the
path of : Lower Tarminal { + }, SCRy, Load ( Ry ), scﬂaandbamul.hppww?”- b of
I Suppty. .

[nput Voltage - ',/
i )

Vaf 77 /‘\ »
Iaﬂ v . Tme{t}-_

0 n‘.\ T ‘ n Jn dx 5n Tim&[t]t
Jigure 2: Waveform of Tnput and Output Voltages

s will the hall-centrelled reclifier, the oulput voltage can be fully contrelled by
u%an&; [ SCRs firing | desay angie (a).

L ;W:W!H'IEI expression for the average DO woltage from a singke Full Wave phase fulby-

'r‘»“\.'hnnm:llhd rectifier in its continuous conduction mode is ghven as:

AN \", W
' 4

) Vaye — —MAX < cos(w)

q
~

AN = laye = V—&‘i‘_&
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o 2 CONIrQ D ST MACIHTRRT Wit QRL
In the Full Wave Fully-Controlled Rectifier Configuration, the average DU load valtage &, 7 y
is controBied using two thynistors | SCRs per half-cycle. Thyristors T) and T are fired together
a8 & pair during the positive half-cyde, Whils thyristors Ty and T are also fred lugﬂ'ra‘[ 4k a
pair during the negatve hel-cycle | Le. 1307 aftar Ty and Tz )

4

- >
When the kad is Inductive, 1he Cufput Vollage can ba Negative for partaf the cycle
This & becausa an nducion Sloees energy in S magneic eld 'ﬁhlﬂtjiﬁ’ﬂlh;fei'&ﬂﬂ:d.

)
The Circuit Déagram Ful Wave Full controlled rectifier with R-L Loadis’ss shown below

Operation of this mode ean b vitkaid-Babaman Totir i
Mode 1 (o to )

In Wﬂ“iﬁ_hﬂﬂ;ﬁ- af appied & sigral. 3RS T, & T ane Torwand biased & can ba
lurned on al an anghe o Load voltage is equal 1o posiive instantanecus AC supply vollage.
The lomd gurent s positive, ripple fee, constant and equal 1o lo. Due o positive palarity of
laad vollage & load currend, load inductance will slore enangy.

Made 2 [ to 1 + a)
Lo BLwt = T, input supply is egual 12 zero & after m it becomes negative, But induciance

\ wopposas any change through it In order 10 maintain @ constant kead current & also in same

;{_"’“‘. drection. & se¥! induced emf appears across L' as shown, Due 1o ts Induced voltage,

»  BCR's Ti & T; are forward biased in soite the negative supply voliege, The koad weiaga is
regative & equal 1o instantanaows ac supply woltage whereas lnad curment (s posithve, Thus,
load acts as sowrce & siored enargy in induciance is relurned back 1o the ac supply.
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\

Mode 3 (m+ o to 2m)

Atwt=m+ o SCReT: & T, are twmad on & Ty, T: are revaread as. Thus | process
of conduction &t@rﬁ‘fm fram Ty, T2 10 Ta,Ta. Load woltege again becomes positive &
energy is stored Indnducior Ty, Ty conduct in negative haif cycle from | w+a | o 2 w. With
posiiva koad volege & loed curmrent anergy gats slored.

N )

!Ind[-nl 2wt 2w+ a)
At wi = 2w, input voltage passes through zero. Inductve load will try to oppose any
S ﬁ’lvﬂnpa in currert @ in ordar 30 malntain load cwrant constant & n the same dirsction,

. v Induced & m. f. s Posites & maintains conductng SCR's Ty & Ts with revarss podarity siso,
‘;, = Thus % is nagative & equal o instantansous AC supply wollepe. Wheress load curment
g continues 1o be positve, Thus Insd acts 85 source & sioned enengy in induciance i retuemad
AN back to ac supply Al wt=a or 27+ 0, Ty & T are commatated and Ti,T; are turned O,
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lily=-confrolien Brnone Ractiter With = O30 & Free Whaaling Liioda: -
In the Full Wave fully-controlled rectifier configuration, the average DC load vollageis: |
eanirolied using two thyrsions | BCRs per hall-gycle, Thyrighors 0, and 0, are fired lw )
&5 a paie during (he positede hall-cyche, YWhile thyristors Gz and 05 ae alsa fired together as a
pair during the negative half-cyele { Le. 1807 sflar O, and Q. , ¥ ¥
When e load is inductive, (he oulpul vollage can be negalive Furﬂprtfl‘,lﬁ; cycle,
Thig i bacause an nducior sbores energy in its rmagnetic Teld which is hmra!aé’ma
A lree-whesling dinde can be placed in Be cireuil o preswent Ihe.oulpul vollage from
fpoing negalive. A )
Thi Cacuit Diagram Full Wave Full contralied i'Eﬂ‘IlI’nE-F‘ with H-’L Load & Fres Whesling
Ciode i as andgwn Balaw: \ R

- »
In
. .
o
L &
Fa :ifi f .
E{{.h L

Whan the kead iaimhzl\jw. ihe oulput woltage can be negative for pan of the cycle. This is
because an ind'gx:lbr\#ﬁu anargy n its magnelic field which is kater releasad, Currend
continues b fiow,and the sama thyristors conlinue 1o conduct, until all the sfored enangy is
redssisad. Siru::& this ocours some ima after tha AC source woltage passes though zerm, tha
DlIIIJ'.I:H voltage bocomes negative for part of oycle,

L

Iragane S celiangre
|

Timve=ii 3

™ b T 29T ET 2l I Farrnesiig
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The megatwe part of the output vwoitege wavelorm reduces the average cutput voltege Eq. A
frap-whesling disde can be placed in the circuill fo pravant the cutput voltage from poing
ragative, Whan the ouip voltage begins to go negative, the free-whasling dode conducts,
This mainfains the output woltage at approxmately zero whils the energy stored’ nhe
inducior &5 releasad. Tha oulpul valtage wavaform is fhe same as for a punely m‘\n'e__luud
and the avarage oulput voltage is therefore greater than it would be without thetfrae-whesling
diode. The addition of a fres-whesing diode makes the output curment waviefdrm smoathar,

The full wave Full Controlled rectifier circult consisting of wa SCRs connectad with
cantre tapped transformear. The Circuit Ceagram Full Wewve Full controlied Centre Tappad
reclifier is as shown below: ;

Trassfvemer G ;
=
SCHRIN
AC A\ 4
Sapply -
| hinvn
A i i ) /
a1 EIVIVIVIN,

N\

HeoH

During the positive hall cycle of the input, SCR, (e forward blased and SCR; (s reverse
r_.'paa:au. ﬂf applying the propar gate signal, SCR, & fumaed ON and hence load current staty
figting through it
v During tha negative ha¥ cycle of the input, SCR; is forward iased and SCR; I8

w. U reverse based With a gate tripgedng, SCR: is turned OM and hance the load current flows
ihrowgh the SCRa.

Therefare, by varying tha triggedng curant ta the SCHs, the average power deliverad
to the loed ta varkad.
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FILL IN THE BLANKS: \- \ '
L N is @ circuit that converts AC signal mto unsdirectional signal, Y
2, Main advantage of Brdge Convarter is that it does not use any ... )
o In a Singla Phasa Fully Condrofied Rectifier, The............... of an Wd )
Reciifier are replaced by ... - y
4. In a fully controlied Rectifier, the oad voltage is controlled by contreding the
,,,,,,,,,,,,, ook the Rinciiier, ~ Y
B A Singke Phase Had \Wave Conbrolled Rectifier abways U[.':L-Elﬁ'mﬁ n lha
...... cenducicn mode. e\

] A Half Wave ControBad Rectifier contains...............SCRs, )

T A Single Phase Full Wave Fully Controlled Bridge F'd!l;‘-li‘ﬁ_-ll‘.l.lm...- LR

B, A Singla Phasa Full Wave Half Controfad Bridoe F?u}ﬂﬁar Contains . SCRs

& A Frae Whesling dicde is used in the Controlled Réctifiar with ..., Load,

1. A Single Phasa Full Wave Condrobed Rectifieroperata in ..., Quadrants,

11.  Full Form al HYDG B ..oovvrvenne. as”

12 The cutput volage of a MHW-,Rmiﬁur is maximum, when fing angle &

.......... Degrses. - \‘

13 The outpul veltlage of & sontralled Rectifies & controlled by cantralling firing angle
o R ANy

14 A Homi Eﬂ'l'l'?ﬂﬂl’:dpllﬂﬂ |, A quadrants and bl converder operale in

15, The use SKFres Whesling Diode to improve wave shape of ...

Answers:
- %
T :_ﬂ Ractifler 2) Transformer 3) Dlodes, SCRs
-r‘ 4} Firing Angle 5) Discontinuous 8) One
\> ,N" ;i 7) Four B) Two 3) Inductive
; 4 10} Two 11} High Yoxage Bires] Cument 12} Zare
o 13} SCRs | Thyristors  14) One, Twe 15) Load Current
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FILL IN THE BLANKS: : N
16, Comversional ACIintc DC B caldad . ..ooeeeeee..
17. Conlralled Rectiliers are used 1o ooevert AC o oo ( b
b A Raciilier contains the mixtura of diodes and SCRs. _‘" N
15, et temmannen e FoEClifer wEes anly SCRa in Reclification circuil ~

4

). When Firing Angle of SCRs moreased i he Reclifier, oulpu mﬂqge'f-.‘wr._ .....

2. When Conduchion Angle of SCRs moreased in the Hec:irﬁar,‘ output woltage
.|| S AR

& The Vohage form factor of Singe Phasa fully Controlied Halt ".";a'.re Reclifier with
Resistive Inductive Load = ........compared 1o same Rectifier with Resistiva

23 The Single Phese Fully Controbied Bridge Rectifier can sither opersta in the

........... | RO = 141+ 11+ L8 o

In the continuows conduction mode, atlesst ... ihyristors conduct at &8 imas.

Free Whaeling Diode connec n*‘ﬂwlh logd In ........ blas mode.

When Fiing Angle of SIZFE\'QH rectifier circut i Zero Dagres, the bahaves |

oulpist of SCRa will be like 86 ...

Firing Angie i alsaKnawn as __.._Angle.

Full Wave Full Gontroliad Centre Taped Rectfiers contains . __.... SCAs.

et Controliad Rectifiers have One SCR.
....... ...-.Ni..-:,_‘ﬂra usad bo corvart AC inte controlied O, C.

BB R

¥ EEY

Mlh'l!!:

g \ jiﬁi‘ﬂ:ﬂ‘l‘l:&lﬁﬂn 17} Contrallad DT 18) Half Controdlad
15} Full Gontrobled 20} Dacreased 21) Increasas
23} Poor 23} continusus, Discontinoses 24) Twio
25) Parallel, Reverse  26) Simple Rectifier 77} Delay

AN 28} Two 28) Half Wave 30) Controdied Rectifier

FACULTY NAME- SUBHANKAR DASH
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CHAPTER 2 PE &PLC NOTES

EE And ETC 5th SEMESTER

POWER ELECTRONICS UNIT-1I CONTROLLED RECTIFIERS

TRUE | FALSE Statemant:

Page 18 of 18

14

1. In & Single Phasa Full Wave Half Controlied Bridge, both the SCRs conduct nthe

Half of the AC Supply simullansousty.

2, The Half Wawe Rectifier is used mosi of the high power applcalions,
3. The average [ DC ) output voltage of Full Wave Rectifier is higher than Half Wawe 7

Reciifier,

1. When the reclification components ane dodas, the circuibs are teamed

resclifiers,

&= coninoied

= When the rectificabion componants are SCRs f Thyristoes, the ciftuits dre termead

as confrofad raclifiers
B. In Half Controllad Reclifier, Twoe SCRs are used.

»
’

7. Full Wave Controlled Reciifier alow the powar to the Load fom bath cycles of tha

Imspit.

B, The owipud voltage of confrolled rectifier is controfied by vanation of firing Angle of

SCRe.

The unconirolbed Reclifiers cordains SCRS iJﬂ"""I'-.l:'l‘él.l'l.

1. The cutput voliege of the Rectifier is .:Iai:raam:ll with the morease of condwction

angle of SCRs

11.  The output current can be contipuous /discontinuous depending on the R/ L
(Resistance § Inductance) rdic OLIH[._LUHI arel firing angle of SCRS,
12 The output voltage of the Rectifiirts decreasad with the incraage of Firing angle of

SCRs
13 Adfull Wave Rectifier can operste In Two Quedrant

14, A Hall Wave Risclifier {ﬁr'lyppulﬂu in all fowr Cuadrand.

15 A Single Phese Full wave Half Contrellad Brigge Rectifier conteen four SCRE /

Thyrisiors.

16 The output voltege of 3 controlled Rectifiar s mesimum, whan firng angla of SCRs

is Tera Digrog

17. Full_w&.'a Il Controllad Centre Taped Rectiiers contains Four SCHS.

18, Hall Conlroled Rectfier contains the mixlure of diodes and SCRs

18.  Firing Angie is also Known as Conduction Angle.

200 Free Wheeling Diode connecled in garallel with inductive load,

y

X .:l.mi-ir-.t:
s 1) FALSE 2) FALSE 3) TRUE
Vg 5} TRUE B) FALSE 7) TRUE
D 8) FALSE 10) FALSE 11) TRUE
D, 13} TRUE 14) FALSE 15) FALSE
~ 17} FALSE 18) TRUE 18) FALSE

FACULTY NAME- SUBHANKAR DASH
ASST PROF ELECTRICAL ENGINEERING

4) FALSE
8) TRUE

12) TRUE
16) TRUE
20) TRUE
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m

ta varlable AC i.e., Variation in magnhuﬁgﬁ

It is & static power electronic cireult which converls DO i
p ra when operated with o> 90° Thﬂﬁmlna

voltage. frequency and number of phases. Phase controlied rﬁ_ﬂ_lfiﬂ
commutated inverters. It ransfers the energy from DC to an existing AC supply network. The autput Ag Volag

frequency and number of phases cannct be conlrolled.

E}I “ 1-¢ Half Bridge Inverters " I
Both thyristars are forward biased. So, riggering s % = n Ao,

given to tham so that only one conducts al & time. v .
o 2]

It consists of two SCR'S, two disdos and (hres-wire __@
supply. For O < ts T2, thyristor T, conducts and the load is

subjeciec o a voltags V. /2 due to the wpper vollage source w, Tl
VJE. At t= T2, thyristor T, is commutaled and T, is gated - =
on. During the period T2 < 1= T, thyristor T, conducls and the FT

load iz subjeciad 1o a vollage (- Y2} due lo the load valtaga ; Figure-8.1

sourca /2.
Itiz sean fram the oulpul wavelorms thal the lead viltage is an alternatling voltags waveform ol ampitude

Vf2 and frequency 1/THz. The frequency of the inverter cutput voltage can be changed by contraliing ‘T

-

wt
Pl
T
B

I

-l
| T = |
it i
\ | -
'."'D - — r‘ : ]'2 Fr Tl —l-?l—_ TE —
| ' !
F'E I i s

V2R

Figure-8.2



ﬁﬁﬁ:lmﬂnrwemm principle based on forced commutation. T

4 The cutput wavelorms are square wavelorm, They will be passed through filters to efiminate unwanted
FEnmonics.

Artiparelisl dindes are requirad lor allihe loads axcept rasistive load.

Antiparaliel dicdes are also called as feedback diodes,

' V.
W, =-E
E

NOTE: Al 2ny time output voltage (s haif of the axranamzsmmwwaga o, the source utiization factor will
be50%.

Disadvantage



&}/l-q" Full Bridge Inverter / Voltage Sousce ﬂﬂﬂrﬂ'f-
"'.

NOTE: If 2l the thyrsiors conductata fimethen the o
* Choose a suitable combination of twa thy
passes through lead.



—

P
« Fora ful.1 bridge inverlar, when T, T, conducls, load vallage Is V, and when T, T, conduct load
voltage is =V, frequency of the culput vahage can be cantrolled by varying the periodic time 'T,

At ary lime output voltage is same as the supply valtage, So the sowce utilization factor will be
R0,

For a given inpul do supply. load or oulput voltagais two times, output power is four times in the full
bridge inverter compared 1o hall bridge invarler

igrige
| - t
fowlge i é I= i
— — ,
1 L]
1|-". i |.
W
; L
£ 7 r
T T ar
2
-V |.__ . :
S A e
Ts T T; Ts
Figure-B.4
As the energy is fad back 1o the do source when these diodes conduct, these are called feed back

diodes.

I —_— LR l



es Inverters
Inverters inwhich commutalng compaonenls Bre o
saries inwerlers
Tha series circuil so formed mist b undor damped.

mancnlly connected insereswith the lbad ars Calleg

The Basic 1-¢ Series Inverters

+Vp - "
J'" 4
g—f
T
- SR [ -':
T
gt T
Wy W=
o 5
Va=Vy 1 = Rjlead
& I i
Fhgure-8.16

The commulating components L and Gvalues are so chosen such that the series RLC cirouit formes an
undercamped Sircuit,

When thyristor 7, is tumad-on, with T, off, current  starts building up in the RLC circuit; As the circuitis
underdamped, the load currant after reaching some peak value, dacays 1o zero al a point a,

SCA T, isturned-off. After instant a, sometime fyeyip TS 2aPEa for T, toregain its forward blocking capsbiit:

Aftar T, has commutated, upger plate of capaciior allains positive palarity. Now when 7, Is tumed on at
instant b, capacror begins to discharge and lcad cument in the reversed direction builds up o some peak
negative value and then decays to zero at instant G

Capacitor delivers the required energy during the negalive hali cycle.

T =
]"H::- Iq = TM= [ﬁ—)--m—rjh{q

11 1
I o
‘“"E[f ﬁ]

whera, = oulput fregquancy
f = ringing frequency
T4 = &b or cdis called circuit turm-off ime or dead zone time.

Iy
—1 —/
ki : ! i
t ™ i
f 5 : ] 1 ﬂ
9 ta—— —I-i i !
i }: A
1 ] 1
1 b gr o
@ x ay ioad
| = —-f I ll
il IlT;ﬂII :Tﬂl
| |
P I



8.6 Ei.lfrrent Source Inverter (Csh

]
a
q
1
1

During positive half eyele of current T,, T, conducts and

.

Curman!

SounGE

{2}

During negative half cycle of current T, T, conducts.

s Cursant input i O35

il

i A

— e E———

T e

= —
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& programmable logic controller (PLE) or programmable controller is an industrial digital
computer which has been ruggedized and adapted for the control of manufacturing processes,
such as assembly lines, or robotic devices, or any activity that requires high reliability control and
ease of programming and process fault dizgnasis.

PLCs were first developed in the automoblle manufacturing industry to provide flexible,
ruggedized and easily programmable controllers to replace hard-wired relays, tmers and
sefquencers; since then, they have been widely adopted as high-reliability automation contrallers
suitable for harsh environments. & PLC is an example of a "hard” real-time system since output
results must be produced in response to input conditions within a (limited time, otherwize
unintended operation will result

Program
¥
Inpuls Cutputs
— ™ e »
- R
PLC architecture
Progrimmming
Termminal
| | Power LR SMemory
| |Supply e
|
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' T i
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ey fces Dlevices

PROCESS

It consists of a central processing unit [CPU) containing the system microprocessor,
memary, and input/output circuitry. The CPU controls and processes all the operations within
the PLC.It is supplied with a clock that has a frequency of typically between 1 and 8 MHz. This
frequency determines the operating speed of the PLC and provides the timing and



synchronization for all elements in the system. The information within the PLC is carried by
means of digital signals. The internal paths along which digital signals flow are called buses,
In the physical sense, a bus is just a number of conductors along which electrical signals can
floaw. It might be tracks on a printed circuit board or wires in a ribbon cable. The CPLU uses the
data bus for sending data between the constituent elements, the address bus to send the
addresses of locations for accessing stored data, and the control bus for signals relating to
internal control actions. The systern bus is used for communications between the
input/output ports and the input/output unit,

The operator enters a sequence of instructions | a program } into the memary of the PLC.
The controdler monitors the inputs carries owt the conmtrol rules . The costrol loop is a
continuous cycle of the PLC reading inputs, solving the logic instructions, and then changing
the cutputs,

Advantages

= The same basic controller can be used with a wide range of control systems,

# Tomodify a control system, the rules are to be modified [much easier ta program and
reprogram)

*  There is no need to rewire

»  The result is a flexible, cost-effective system

Comparison of PLC & PC

# PLCs are similar to computers, but computers are optimized for calculation and
display tasks

*  PLCs are optimized for contral tasks and the industrial environment.
PLCs: — Are rugged and designed to withstand vibrations, temperature, humidity, and
MSE —

# Have interfacing for inputs and outputs, already inside the controller =

e Are easily programmed and have an easily understood programming language —
Primarily concerned with logic and switching operations

PLC vs Computer
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How a PLC works: internal PLC
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'O Configurations
Corwmn Poresr Tus

Fixed IO
= |5 typical of small FLCs

¢ Cormnas in one package, with
Mo Separabe movatle uniis,

« Thar processor and /0 are
packaged togeiher

= Lower inoast ~ but
lacks flexibilify.

O Configurations

o P rsese
Modular /O Frcdule
tn dividad by compariments
Into which separate modules
can be prigpad

This imature groatly momases
wour options and the wit's
fiaobility. You can choosa
from all the modules available

desire

and mibx Bhem In &y way you Irgpat meadule Oulput module




IfO Configurations

When a midule alckas ir8o the rack &

B makes an sleciical connechion with & seaiae of "

conlacts - caliad the dachpiame. Tha haoaplars 3

& lecaled &t tha raar of the mck Moy
i i
e rack.

Power Supply

» Supplies DC powar 1o other
modules hal plug inbs the rack

= In targe PLC sysbems, his
power supply does not
narmally suppdy power 1o the
field devicas.

= In small and mecro PLE systems, the power supply
is alsa used o power flold devices

Processor (CPU)

s by P Fweain” of the PLC

= Conaisis of 8 microprocessn)
Tar implemmeniing the legis, and
confroBmg the commurcations
among ihe modules

« Chasigned 50 the daesired circnt can be
enterad in reday [BOdear logic fom

« Tha processor accepls input data from
varnious sensing devices, execules he
SHNTRO LSal program, and sends
E}prn:ﬂahﬂ QaIRpUL cCommaniss o
conirol devices.
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* Input modules
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Programming Device

P with appropriate
software

« A parsonal compuler (PC) 1S e mos! cormmanly usad
programming device

+ The software allows users to create, edit, document,
store and trowbleshool programs

* The persondl computer communicales with thae PLC
processor via a seral or parallel data communications link

Specifications of PLC Input Output Modules

1. Input modules convert process level signals from sensors
2. Dutput modules may be used to drive actuators

Typical Parameters for an Analog Input Module

Module Parameter TvpeNumber/Typical Value

MNumber of mput 8/16 voltage/current/Pt 100/ RTD

Galvamic 1solation Yes No

Input ranges =50 mV to =10 V. £20 mA; Pt 100

Input unpedance for E50mV: > 10M ; =10 V: = 50k; 220 mA :

various ranges (ohm) 25:Pt100: =10M

Tvpes of sensor 2-wire connection; 4-wire connection for

connections Pt 100

Data format 11 bits plus s1gn or 12 bit 2's complement

Conversion pnnciple Integrating /successive approximation

Conversion time In ms (mtegrating) , Us (successive
ApProx.)
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Typlcal Parameters for an Analog Output Module

Number of cutputs 8 voltage and current output
Cralvanic 1solation yes

Output ranges ( rated values ) +10V;0...20 mA

Load resistance

- for voltage outputs min. i3k

- for current outputs max. 300

Dhgital representation of the signal | 11 bats plus sign
Conversion time In ps

Short-circurt protection yes

Short-circutt current  approx. 25 mA (for a voltage output)
Open-curcunt voltage  approx. 18 V (for a current output)
Lineanty in the rated range +0.25% + 2 LSB

Cable length max. 200 m

Sequential control

Seguential problems have long been solved welng comventional kegic gates as bullding blocks, bt
uslng certaln technigues to express and identify the seguence loglc eguations that control the
system outputs

The software design procedune is as Tollows:

The process is werbally described

This deseription is translaked into a fupction diagram
The conditions are identified and converted into Boolean aquations
The Boolean equations are converted into laddes logic lor the PLC

ns—

Start PLE from E-EFROM. |

) . i gy I P
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RELAY LOGIC

Relays are the most popular components of the PLE hardware

Relays are used as cutputs in the ladder diagram

They can be used to control ONSOFF actuation of powered device

A relay can be latching or non latching

A latching relay needs an electrical impulse to close the power circuit. Another
impulse is needed to release the latch

MNon latching relays hold only while the switching relay is energized and reguire
contimuous electrical signal

LA A B A

Relay logic is @ method of implementing combinational logic in electrical control
clrouits by wsing several electrical relays wired in a_particular configuration The
schematic diagrams for relay logic circults are often called line diagrams, & relay logic
chircult ks an electrical network consisting of limes, or rungs, In which each line ar rung
musl have continuity to enable the output device, A typical circuit consists of a number
of rungs, with each rung controlling an output. This output is controfled by a
combination of input or output conditions, such as input switches and control relays.
Relay logic diagrams represent the physical interconnection of devices.

Main Elements of ladder logic
Rails- These are vertical lines and provide the sources of energy to relays and logic system
Rungs- These are horizontal and contains the branches | inputs and outputs
Branches

Inputs

Qutputs

Timer

Cournter
Motor Control PLC Ladder Logic Miotor Control Relay Logic
Siart Siop o I|L1 Iul fm
. A J D . 11 A {
CHb =]

| —

"-I"T' ol FTH
i @_ | | {




Symbol format in Ladder |

—| — Homaly opan contoctSwitches, Peloy efc)

—|/r.— Momaly closed contact

S Irsmuchion

P e

—|H|— Megallve Tamilion-Seming Comact
~{F —8)- ~P)-
{/} (R} (N
PLCINSTRUCTION CODE

INSTRUCTION DESCRIFTION
CODE
LD Start a ung with an open confact
LD Start o ung with closed contact
AMND A serles element with an open contact
AN A serles element with a closed contact
ANB Branch two blocks In seres
OR A parallel element with an open contact
CRI A parallel element with closed contact
ORB Branch two blocks in parallel
ouT An autput

1n




PLC Programming- realization of AND, OR logic

AND
Input Allnput B| Cut X
0 0 0
0 1 0 : -
1 0 0 AB x
1 1 1
al ) #
A B A
il | | O
|| I
OR
Input A Ot X
1 0
: L A+B=X
1 1

11

(o
OR B

OuT X

Lo A
AND B
ouT X



Input Alinput B| O

el bl E=1 1=
L= Y T = =T

(A-B) + (A -B) =X

12



Draw ladder diagram for the equations given below

Y=(X1+X2)X3

I'l x] lrr
|
|} 1 (O
X
|
1}‘__
Y=(X1+X2)(X3+X4)
| X, X5 Y P
1 L
| X; X
|
=
Y=(X1X2)+X3
' Xy X2 Il 4 .
i i st

=\

Write PLC program for the given ladder diagram

13



X y 0 LD %1
[ .Q

= Al ORIl K2

ﬁ. ﬁ ORI X3

OR X4

Ky e LDl X5

—— i OR X6

Xy OR X7

["_“_' ANB

ouT ¥3

LD X1
AND X2
X X X X . Ty ANI X3
— 00— o
! X X % AND X6
Lt — e
ORB
il ouT Y3

Example of FLC program toautomatically stic the liquid in the vat

PLE Mixer Process Control Problem

Mlis o mator 1o sunarmntoaily
allr tha ligiikl A Me val

whan [he 1efmgeéraluie dnd
piassiine reach presal vilues

AlErata s sl
Ui ool
af the molor ko be
provided

The lemporaiune and ;
[ERESLUNG SOMSHT SREDhas [T
closa thalr respeclive contacks whan condilions reach
IFresr prasal values

14



Process Control Relay Ladder Diagram

Li L3
120 e —mm—i
ssaarh wah i
R R C e
b
L
el
A
fshtsfien

SEntey alnrlar ool e gigrgiegd wissn both e prdssipe
] lempernnee swilches dre closed or when e manuml
prinhbaiian m pressed

PLC Input Module Connections

= The same input feld
devices are used

» These devices are
wirad 1o the inpul
miodule according 1o
the manufaciurer's
labeding scheme

PLC Output Module Connections

Same output field
davioe ia used and
wired to the output
miodiile

] 1]

Trime swiches mator <

ON and OFF in accondance
with the contn signal from
iha procesan

15




PLC Ladder Logic F-"rugr:m

ks
Pepanirn Tampsrsnrs W
i mayTrh martich =3

ol
(>

* The formal used |5 similar o that of the hard-wired
ralay circadil

TIMERS AND COUNTERS

A timer is device that introduce a time delay ina circuit or - systemn during its OM or
OFF condition, PLC timer, the time delay is introduced by programming

Classification of timers

PLC TIMER
i I
Ok Delay Timer OFF Dolay Tl
| I
| | r |
Retantive Non Retentive  Retentie g

.- 1 = orer @S e

Schematic diagram of a function block PLC timer.

# The contacts on the left side of the timer function block are the timer enable contacts
s When they are closed, power passes to the left terminal of the timer, its clock s
enabled and it starts timing.

® When they are open, power stops flowing through this terminal, and the timer stops
functioning

® A timer function block has three output contacts,

TIHER f—mef’ ="
Timebase o
Prest p—{
il F
ECrarulE II| ]

16



= When the timer is timed out, DONE BIT(DM) is set,
# The EMABLE BIT follows the input enable contact status.
s If the enable contact is true then cutput ENABLE BIT{EN) is true,
* The timer timing[TT] kit is set when the timer is aperating
Functions in TIMER
Variety of time base is available
The most common time bases are 001 sec, 0.1 sec and 1 sec
Accumulator value(ACC)- This is the time that has elapsed, since the timer was last reset,
When enabled, a timer updates this continuously

Preset Value[PRF)- This speciflies the value that the timer must reach befare the controller
st the done bit

The programmer determines the preset time.

7. When the accumulator value becomes egual to or greater than the preset value, the timer
stops operating and the done bit is set

8. This bit can be used to control an cutput device

TIMER DELAY

[T TR U P B R Es

m

The instruction is used to delay turning an output OMN or OFF. The TOM instruction begins to
count time base intervals when the rung condition become true, As long as the mung condition
remains true the time increments its accumulator value, over each scan until reaches the
preset value, The accumulator value is reset when the rung condition becomes false,
regardless of whether the timer has timed out

FUNCTIONS OF AN ON DELAY TIMER

Output bit Is axt when Remakne set until nse
al the follmving
Thowr-Dome Bit (DM} Accurmulator value 1s normally Rung condiion becomes false.
greater than the presel vabie,
Timeer Enalble Bit (ENY  Rung conditions an trus, Rung conditions broome false,
Ty Thming BiL (TT)  Rung conditions are rue and the Faing condiions become false
all walues are bess han e or whien the done bit bs set.
PRESET walue.

17



TIMER OFF DELAY

The TOFF instruction begins t count time base Intervals when the rung condition makes a true
to false transition. As long as the ming conditicn remains false the timer increments its
accumulator vale over each scan until it reaches the preset value, The controdler resets the
accumulated value when the rung conditions becomes true regardless of whether the timer
has timed out

FUMCTIONS OF AN OFF DELAY TIMER

Chatpat it in set when And remaindng sef unill one
af the following
[y ] Fung conditions are e Fuirg comiition becomes faloe
and the sccumilasor value s
preater than or equal o the
presel valie
1T Pung condiions are false and the Rung conditions becofme 1R
accumlasor valie 5 bess than the aof wihen the done bt is et
prese: valae.
BN Rurg conditions are nee. Rung conditions becomes false,

RETENTIVE AMD NOM RETEMTIVE TIMERS

Retentive refers to the device's ability to remember its exact status such that when the circuit
is again activated, the timer continues from the previous point, RTO - Betentive Timer, Counts
time base intervals when the instruction is true and retains the accumulated value when the
instruction goes false or when power oyéle occurs, The Retentive Timer instruction is a
retentive instruction that begins to count time base intervals when rung conditions becorme
true.Mon-retentive timers reset to zero and start from zero each time the timer function block
is energized.

FUMCTION BLOCK

15 14 13 12 11 W % & 7 g @
Word 0 !m]winﬂIjlyhu],ul,s]mm]
Wiord | Presel value (PRE) B
Wiord 2 Accurmilator value [ACC)

[N s bt
E'.N,'I"I:DNn.n:Iﬂlsm-mal!.Eﬂ{sﬂuﬂ.-dhbitllﬁhbrd'ﬂ‘.ﬁllut]lm
ﬂ“ﬁrﬂﬂ.ﬂ-?tﬂud“’mﬂﬂmmﬁmmbﬁmmmﬁﬂ ue (PRE) and accumis
mmmmlsmnmmnwm:wmzdwmu.
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EN- timer enable bit
TT- Timer timing kit
DM-Timer done bit
Each timer address is made up of a 3 word element
Word 0% the control word

Word 1 stores preset value and word 2 stores accumulated value
COUNTERS

Counters are used to count the number of items produced, and the number of
operations performed.PLC counter utilizes a sensor t count aparations, which is
processed by software execution in the PLC. Thus the failure rate is reduced and
the accuracy level is increased in a PLC counter he major difference between
the counter and the timer is that timer instructions will continually increment
its accumulative value at a rate determined by the time base when the enable
contact is on. Counter must see a complete contact transition from 0 to 1 each
time it increments the accumulative value This means that the contact must
returns to its zero state before it can have a transition for a second time.

COUNTER PARAMETERS

1. Accumulative value{ACC}-number of false to true transitions that have
occurred since the counter was last reset

2. Preset value(PRE)- Specifies the value that the counter must reach, before
the controller sets the done bit. When the accumulator value becomes equal
to or greater than the preset value, the done status bit is set. This can be
used to control an output device

15" 4 kK FE I8 10 9 L] 1

u
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count UP{CTU)

The CTU is an instruction that counts false to true rung transition

CTu

Camiril i
Cpmmiber
Fresel
Acrumubabor

3121 Count Up (CTU)

The CTU is an instructian that counts false-o-inse fung transitions. fung tansilion cail
MMMHHHMMmepr-ngmn[n-mmmmm:mbgemum!ﬂzﬂmﬂ-

When the rung condition for a CTU instruction has made a false 1o frue transithon, e
accumulated value is incremented by one count, provided that, the rung containing the CTU
instruction |s evaluated between these ransifions, The abifity of the eounter o detect a lalse-
lo-irue tramsition depends on the speed (frequency) of the incoming signal. The on and ofl
dhuration of an incoming signal must not be faster than the scan Hmee.

The accumulated value is retalned when the rung conditlon again becomes false, The

accurmulated count fs retalved unifl cleaned by & resel (RES) instruction that has the samwe
address as the counter reseat

The accumulated value i= mtained after the CTU instrocton becomes false, or when ihe
power is removed from, and then restored 0, the conteoller. Also the on or off status of o
counter done, overflow and underflow bits & retentive, The accumitated value and control bits
ane resel when the appropriate RES Instruction is enabled. The function biock af a countm
CTU s shown in Fig. 314,

Count DOWN(CTD)
CTD
Count down
Counter
Freset
Accumulator
3122 Count Down (CTD)

The CTD is & retentive cuipait instruction that counts false to true rung transitions. When
the rung condition for a CTD instruction has made a false4o-true transition, the accurnulated
vibise s dectemented by one cound, provided that the rung containing the CTD instruction is
wraluated between these transitions. The accumulated counts are retained when the rung
mwmmmmmmwmmmﬂdﬁmﬂmammﬂ}
instruction that has the same address as the counter reset. The function block of a count-dawn

CTD s shown in Fig. 315,
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BASICS CONCEPTS OF SCADA,DCS,CNC

1. Supereisory Controd and Data Acquisition (SCADA)

& distributed control system (DCS)

3. Computer Numerical Contral{CMC)

Supervisory Control and Data Acgquisition [SCADA]

Supervisory Control and Data Acquisition (SCADA) is a control system architecture that uses
computers, networked data communications and graphical user interfaces for high-level
process supervisory management, but uses other peripheral devices such as programmable
logic contraller (PLC) and discrete PID controflers to interface with the process plant or
machimery

w

SCADA?

= Saves Time and Money

»  Less traveling For workers [e.g. helicopter ride)
*  Reduces man-power needs

*  |ncreases production efficiency of a company
® (Cost effective for power systems

& Sayes energy

s« Reliable

& Guperdsory controd over a particular system
Objectives of SCADA

1.
2.
3

S,
B,

Monitoring : Continuwous monitoring of the parameters of voltage | current, etc.,
Measurement: Measurement of variables for processing.

Data Acguisition: Frequent acquisition of data from RTUs and Data Loggers [/ Fhasor
data Concentrators [PDC)..

Data Communication: Transmission andreceiving of large amounts of data from field
to control centre’s,

Contral: Online real time control for dosed loop and open loop processes.
Automation:: Automatic tasks of switching of transmission lines, CBs, et

Functions of SCADA

Data Acguisition

Informaticn Display

Supenyisory Comtrol

Alarm Processing

Infermaticn storage and Reports
Sequence of Event Acguisition
Data Calculation

Special RTU Processing/Contral

Z1



ARCHITECTURE OF SCADA

urman-Machine-inkerface [141]

RTU-REMOTE TERMIMNAL UNIT

i

& collection of equipment that will provide an operator at remote location with enough
infarmation to determine the status of a particular piece of a equipment or entire substation and
cause actions to take place regarding the egquipment or network SCADA systems are used to
manitor of to control chemical or transport processes in municipal water supply systems, to
control electric power generation, transmission and distribution, gas and oil pipelines, and other
distributed processes. Supervisory comtrol and data Acguisition (SCADA] achiewves this
requirement collecting reliable field data through remote terminal units (RTUs) Intelligent
Electric Devices ([IEDs) and presenting them to user reguirement.

The user interface or the man machine interface (MKW provides various options of data
presentation according to specific application and user needs, There are many parts of a working
SCADA system, A SCADA system usually includes signal hardware (input and output), controllers,
networks, user interface (HMI), communications equipment and sofbware, 8l together, the term
SCADA refers to the entire central system. The central system usually monitors data from various
sensors that are either in close proximity or off site. SCADA refers to a system that collects data
from various sensars at a factory, plant or in other remote locations and then sends this data to
a central computer which then manages and controls the data. A SCADA system refer to a system
canslsting of a number of remate terminal units {or RTUs) collecting field data connected back ta
a master station via a communications system,

The master station displays the acguired data and also allows the operator to perform
remote controd tasks. The accurate and timely data (normally real-time) allows for optimization
of the operation of the plant and process. A further benefit is more efficient, reliable and most
impartantly, safer operations. This all results in a lower cost of operation compared to earlier
non-automated systems. The RTU provides an interface to the field analog and digital signals
situated at each remote site.

£



Sensors (either digital or analog) and control relays that directly interface with the
managed system,

Remote telemetry units [RTUs). These are small computerized units deployed in the
fiedd at specific sites and locations. RTUs serve as bocal collection points for gathering
reports from sensors and delivering commands to control relays,

SCADA master units. These are larger computer consoles that serve as the central
processor for the SCADS systermn. Master units provide a human Interface to the
system and automatically regulate the managed system In response to s8nsar inputs.
Communications network that connects the SCADA master wnit to the RTUs in the
fiald,

Usage of SCADA

Electric power generation, transmission and distribution: Electric utilithes use SCADA
systems to detect current flow and line voltage, to monitor the operation of circuit
breakers, and to take sections of the power grid online or offline.

Water and sewage: State and municipal water utilities use SCADA to monitor and
regulate water flow, reservair levels, pipe pressure and ather factars,

Buildings, facilities and environments: Facility managers use SCADA to control HYAC,
refrigeration units, lighting and entry systems,

Manufacturing: 5CADA  systems manage parts  inventories  for  just-in-time
manufacturing, regulate industrial automation and robots, and monitor process and
guality contral,

Mass transit: Transit authorities use SCADA to regulate electricity to subways, trams
and trolley buses; to automate traffic signals for rail systems; to track and locate trains
and buses: and to control raklroad crossing gates.

Traffic signals: 5CADA regulates traffic lights, contrals traffic flow and detects out-of-
order signals

E]



DISTRIBUTED CONTROL SYSTEM(DCS)

Level 4
Production Scheduling

Levd 3
Production Control

saem saEm .o
LLLELTL St

A distributed control system {DC5)] is a computerised controf system for a process or plant
usually with a large number of contral loops, inwhich autonomaouws controllers are distributed
throughout the system, but there s central operator supervisory contral. This is incontrast
to systems that use centralized controliers; either discrete controllers located at a central
control roem or within a central computer. The DCS concept increases reliability and reduces
installation costs by localising contral functions near the process plant, with remote
manitoring and supervision

The key attribute of a DCS s its reliability due to the distribution of the control processing
around nodes in the system. This mitigates 2 single processor failure. If a processor fails, it
will only affect one section of the plant process, as opposed to a fallure of a central computer
which would affect the whele process. This distribution of computing power local to the field
InputfOutput {I/0) connection racks also ensures fast controller processing times by
removing possible network and central processing delays

o Level 0contains the field devices such as flow and temperature sensors, and final
control elements, such as control valves

s Llewel 1 contains the industrialised Input/Qutput {10} modules, and their
associated distributed electronic processaors,

e Level 2 contains the supervisory computers, which collect information from
processor nodes on the system, and provide the operator confrol screens.

s Level 3 is the production control level, which does not directly control the
process, but is concerned with monitoring production and monitoring @rgets

= Level 4 s the production scheduling bevel,

L



g5 of

& Access alarge amount of current information from the data highway,

= Maonitoring trends of past process conditions,

# Readily install new on-line measurements together with local computers.

= Alternate quickly among standard control strategies and readjust controller
parameters in software,

& & zipht full englneer can use the flexibility of the framework 1o implement his latest
controller design ideas on the host computer.

Applications

. Electrical power grids and electrical generation plants.
. Emsronmental cortrol systems.

O o] oun 2 lad g
.?
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Computer Numeric Control (CNC)

Mumerical contrel (NC) refer to contral of a machine or a process wsing symbolic
codes consisting of characters and numerals,

i'I' | < Drata Tlow BAACH M
| [ . I COMTROL
L o AR

Computer Numerical Contral (CNC) Machine

Computer numerical control (CMC) s the numerical control system in which a dedicated
comiputer is built into the control to perform basic and advanced M functions, CNC controls
are also referred to as softwired NC systems because most of their contral functions are
implemented by the control scftware programs, CHNC Is a computer assisted process to
control general purpose machines from instructions generated by a processor and stored in
d MEmory Systam,

Advantages and Disadvantages of CNC
Advantages:

# High Repeatability and Precision e.g. Aircraft parts.

& Volume of production is very high,

* Complex contours/surfaces can be easily machined.

# Flexibility in job change, automatic tool settings, less scrap.

= More safe, higher productivity, better quality.

= Less paper wark, faster prototype production, reduction in lead times.

Disadvantages:

#  Costly setup, skilled operators.
« Computer programming knowledge required.
»  Maintenance is difficult.
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QUESTION BANK

1. What is PLC

2. Draw and explain the architecture of PLC. Also mention advantages and dizadvantages
3. Compare PLC and PC

4, How PLC warks

5. What is sequential contraol

What do you mean by relay logic in PLE programming

Explain the concept of latching

Draw any three symbols used ladder programming

L L

What are the basic instructions used in ladder logic
10, Realize AND, O MNOT logic In PLE leader loglc
11. Draw the ladder diagram of MAND,MOR and XOR gate

12, Write ladder program for the given expressicn and also draw ladder logic

YaX1+%2)+X3X4

¥=(X1+X2)( X3+ M) XSKE)
Y=(X1X2)+X3

iV



Contact Symbols

Electrical Symbols

Control circuits can be reprasonted pictorially in various ways,
One of the mora common approaches is to use control logic
diagrams which use common symbols (o represent control
components. Although control symbols vary throughout the
world, the symbols used in 1his course are comman in the
United States and many other countries.

Various devices incorporate contacis to contral the flow of
current to other control components. When in operation, a
contact my be either open, a condition which blocks current
flow, or elosed, & condition which allows current flow, Contral
logic diagrams, however, cannot show the dynamic operation
of contacts. Instead, these diagrams show contacts as either
normally open (NO} or normally ¢losed (NC).

A gl
T ™

MO RL

The standard method af shawing contacts is to indicate the
circuit condition produced when the acluating device is in the

de-energized (off] state.

For example, in the following lllustration, the contacts are part
of a relay. The contacts are shown as normally open toindicate
that, when thereg is no power applied 1o the relay's coil, the
contacts are open_ With the contacts open, there is no cument

flow to light.

3)
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Normally Open Contact

Example

Normally Closed Contact

Example

ol logic diagram are usually not shown
atate Howaover, in this course, contacty

ns shown in thair energizod stayg
tha symbol (5 hiqhngmE

Symbols on a contr
their energized fon)
and switches arne saomaehm
oxplanation purposes In such casos,

For example, in the following illustrabon, the circuil 15 first
o state, and the normally open

shown i the de-eneigize A
contacts are nol highhghted Whan 1ha relay energizes, the
contacts close, completing the path for current and illuminati
the ght The contacts are then shown as highlighted to indic
| | state. Note: This is not a

that they are not not {hair norma
Ralay

<tandard symbol
Energized

:

———

? Battery
e e

P32 2 = et

Conlacts are shown oppasite
of their normal state (MO

In the following illustration, when the relay is de-energized, t
normally closed contacts are shown as closed and are not

highlighted. A complete path of current exists at this time, a
the light is on. When the relay is energized, the contacts Ope

turning the light off.

\\//

e e
::’-;‘fff‘ﬂ i

Contacts are shown opposite
of their normal state (NC).

(4)



Switch Symbols

Mormally Open Switch
Example

Normally Closed Switch
Example

Various typos of switches are also used in control gircuits. Like -
the contacts just discussed, switches can also be normally

open or normally closed and require another davice of action
to change thair state, In the case of a manual switch, Someone

must ehange the position of the switch, A switch is considered
to be in ils normal state when it has not been acted upon,

Switch symbols, kke the cnas shown in the following
Mustration, are also used Lo indicate an open or clased path of
current flow, Variations of these symbels are used fo reprasent
a number of different switch types,

P l-"".'r:
Kormely Clasad Heemaliy Open
Bwieh . Bwilich

In the following illustration, a battery is connected to one side of
a normalty open switch, and a light is connected to the other
side. Whean the switch is open, cument cannet flow through the
light. YWhen someone closes the switch, it completes the path
for current flowy, and tha light iluminates.

N/

Swwitch b5 Shorem cpposite
of ivs rornal grane (MO

In the following illustration, a battery is connected to one side of
a narmally closed switch and a light is connected 1o the other
side. When the switch is closed, current flows through the light.
When someone opens the switch, current flow is interrupted,
and the light turns off.

N2

Snitch s shown opposits
af s normal siane CL

(9)
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Normally Open
Pushbutton Example

Normally Closed
Pushbutton Example

B

Thero are 1wo basic types of pushbuttons, momentary ap &
maintained Tha comtacts of a mormentary puEhbut'tJ:{u'u chane,
stale, opon 1o closod or vice varsa, when the buthtntI: 5 Presse,
They return Lo their normal state a5 5000 a3 the button is

latches in pla
rolpased. In contrast, a maintained pushbutton s
when pressed. || must b unlatched to allow it to return 1o jy

norrmal state.

@ :r-n]n

(] ME

In the following illustration, a battery is connected to ane side
a narmally apen pushbutton, and a light is connected 1o the
other side. When the pushbutton is pressed, current flows
through the pushbuttan, and the light tums on.

In the following example, current flows to the light as _1::1ng as
the pushbutton is not pressed. When the pushbutton is
prassed, current flow is interrupted, and the light turns off,

A

Switch Is shown
opposite of its
rormal state (RC)

(6)



Coll Symbals

Coil Example Using
Normally Open Contacts

Mater stariars, contactors, snd relays are examples of
dowicas that opon arkl close contacts clectromagnetically. The
oloctiomagnet in 1hose dovices is ealled a coil.

A coil is commanly syinbolized as o circle with letters and
number mside. The lotters often raprasent the Lyps of device,
sueh as M far motor statlor or CF lor control relay, A number
Is often addad 1o tho lotter to differentiate one device from

ancthor

The contacts controlled by a coll are laboled with the same
latter fand numbes) as the coil so that it is easy to tell which
contacis are controlled by each cail, A coll often controls
multiple contacts and each contact may be normally open or

normally closed.

} et Bgioitisd
Cortacts Contacms

i i
2 e

In the following sxampls, the "M” contacts in series with
the motor are coniolled by the “M" contactor coll. When
someane closes the switch, cument flews threugh the switch
anid *W" contactor cail, The "M " contactor coll closes the “k"

pontacts and current flows to the molor.

2 N :
L2 M kRdiee
13 T v
f
+_,.~f




I [ Overload Relay Symbols

Indicator Light Symbols

Other Symbols

are used to protect moters from wefhmﬁ}
Eﬁﬂﬂriizr:;ﬁ currant is drawn for a predetermined E'"""Urﬁ
of time. he averlond relay’s contacts open, remMOVINgG Poiwer
fram th'r: rrator. The fallewing symbal Is for contadls as?...:.c-,ﬁtﬁ
with a thermal overload refay. An averload relay used with a

three-phase motor has three such contacts, one for each ohay,

%

Thgerrmad
Overicag

|

An indicator light, often referred to as a pilot light, is a smal
electric light used to indicate a spacific condition of a circuit.
For example, a red light might be used to indicate that a moto
is running. The lattar in the center of the indicator light symbal
indicates tha colar of the light.

indisatar Light  Irudficator Light

In addition to the symbols discussed here, there are many oth
symbals used in control circuits. The following charts show
many of the commonly used symbols,

S R L P T |

)



——

Cuscomnect

|11

11

——

Switches

Lirmit Switches
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Intermupior

||
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Cireuit Broakos
WiTharmal QL.

Circuit Broakor
WiMagnetic QL.

Circult Breaker
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Pushbuttons
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Stick
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Pilot Lights

Contacts

Indicate Color by Letter

Instant Operating

Man Push-to-Test

Push-to-Test

With Blowoul
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Tirmed Contacts - Contact Action
Retarded After Coil is:

e L
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-

NO | NC M

a

NC | Eneigoed
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NOTC
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Overload Relays

Transformears
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Magnetic
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" Symbols For "
Static Bwitehing Control Davicas

Coantrol

and Power Connecilons - B00Valts or Less - Across-

the-Line Starters (From NEMA Standard ICS 2-321A.80)

Static swatching control usps 1 Phaso z If;r:r?sn 1 Phass
solid-s1atn dewnces insieasd of - ¢ Wiro
efeciromachanical dvices, Many L1,L3- hase 1 13
of the symbals used with this Line Markings L2 | (5 Cephaso2 L1l
type of contral are the sarmg —_ - ey
a5 thoso showem on the provious Ground When Usad bl;:m — L2
page, but enclosed in SOuare as ———— . —
hoor Running |1 Elomant Lt e
hi el
SRR g mampas, Cvarcument |2 Elemont —_ LiLA e
Comtact  Limit Switeh | (Y0isin (3 Elemont| — —_— L1,L2.L3
Cail [NOI {H Conirol Carouit L2
é@ I"E | i % "@" For Revorsing
Interchange Linas —_— L1L3 L1LE
Abbreviations Abbreviations are frequently used in control circuits. The

following list identifies commanly used sbbreviations.

AL
ALK
Ak
AR
Al
BAT
ER
CAP
L
CET
COMT
CR
CT
i
]
i Lt
[
papT
pRsT
|
F
FREQ
FT5
Fu
GEW
GAD
HOW
i
IMTLE
(418
JB
L5
LT
I
MSP

ANerrsting Curnant

Algnm

Smrmeber
lemane
Auamabc

Bafery

Brake Falay
Cuppciie

Ciroui Broaker
Ciroui

Cantral

Cartrod Belay
Cumerd TranskeEmear
[rirweti

Qirech Cursnt
Discormact Sweitch
Doutie-Folke
Cloubie-fole, Doubre-Throw
Cloubla-Poale, Singie=Throw
Cioubla Thiow
Forwasd

Fregueanty

Faet Switch

Fuse

Ganerator

Grourd

Hardifiltusa Salector Gwildh
Inbeprated Creuit

Inbarkack

etanstanenis Ovaricad
Juncton Box

Limi Badich

L arra

Iedacor Startef

babor Starier Proteciar

(11}

MR
ik
KED
HELIT
HC
O
DH
oL
i
FH
Pas
FAl
5

Fi
REL
RES
RH

|
SEC
0L
iF
SFOT
SFET
g5
a1
T

TH
o
THE
TH

u

Ly
VED
*FR

kd=tor

Blanual
Begative
Mgl

her raly Closed
pcerraly Cipen
Cihrmmaler
Creainad
Pishbusan
Pt

Pockva

Primery
Fresgure Switch

Beyerse

Feciker ;
FEaisiar o
hinmaptat i
Swewilch
Secondary i
Sokancid it
Singke-Pole

SingkePole, Doutie Thims
Singhe-Fola, Singta Throw
Selacior Swdtch =
Salaty Switch

Tiansiormer =l
Termingd Board I
Timee Ceday

Thampistal Pakich

Time Ddoy Ralday

Up

UrdarYohage

ariabte Frequenoy D
Trarsdomer
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c) Write short notes (any fwo) :

(i) BUCK-bﬂﬂst converter
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5. (a) Define latching and holding currents as
applicable to an SCR. 2
() Discuss the importance uf% rating during

the turn-on process of SCR. 6

(c) Explain with neat circuit diagram and
waveform the operation of single-phase
half-wave converter drive armature voltage

control of D.C. motor. 8
6. (a) What is the role of optical isolator ? 2

() What is SMPS ? Give its operating pﬁn&iple

and industrial applications. €

(¢) What is an IGBT ? What are its other
names ? Describe the working mechanism of

an IGBT.

7. (a) What are the necessary conditions for
turning-off of an SCR ?

(b) Disc:_usé. the gate characteristics of an SCR.

V—=Sem/ELECT/2015(W) (Old) (Th-2) ( Turn Ow



(») Explain any one methods for turning-on of

SCRs with a neat diagram. 6

(¢) What is a unijunction transistor ? Give its
equivalent circuits. Draw and explain its

current-voltage characteristic. 8

(a) What are the difference between converter

and inverter ? 2

(6) Explain with circuit diagram the principle of
operation of cycloconverter. 6 .

(¢) Explain with circuit diagram and necessary
waveform the principle of operation of
single-phase half-bridge interter 8

(a) Write some applications of cycloconverters. 2

(b) What are the different techniques adopted
for the protection of SCRs ? Explain in brief. 6

(c) Draw and explain the I-V characteristic of
a SCR. Label the various voltages currents
and the operating modes on this sketch_ 8

b Th-2
VELECT/2015(W)(Old) (Th-2) (Continued)
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Time : 3 hours

Answer any five questions

Figures in the right-hand margin indicaté marks

are the different advantages we are

1. (a) What
getting due to the use of a freewheeling
diode ? | 2
) Explain with neat circuit diagram the
- principle of operation of chopper- 6

c) A step-up chopper has output voltage of

 two to four times the input voltage. For 2
chopping frequency of 2000 Hz, determine
the range of off-periods for the gate signal. @

(a) Name the different twin-on methods
available fora SCR.

( Turn Qv



(2)

3. (a) Whatis hatching current 7
yoltage source half

(b) Explain single phase
ive load.

bridge inverter with resist 5]

(¢) Explain single phase voltage source parallel 1

inverter.

4. (a) Whatis the difference between uncontrolled
rectifier and controlled rectifier ? 2

(5) Explain single ph ase full wave AC regulator. 5

(c) Explain Type -C chopper. 7
5. (a) Whatis the use of UPS ? 2
(Enj Explain the operation of speed control of
induction motor by stator frequency
control. L
(c) Explain single phase full converter DC drive
with circuit diagram. 7

(a) What is the effect of free wheeling diode ? 2

iem/ELECT/2015(W)XEET-502) ( Continued )




" bri : rter. 5
() Explainsingle phase half-bridge conve
:rkingprinﬂiplcnf ;

(¢) Explain construction and Wi
MOSFET.
iode
(@) What is the difference between power di0 .

7.
and signal diode 7

turn on methods of

(b) Explain the three ;

Thyristor.
(¢) Explain single phase full wave converter with :
R-L load, with circuit diagram.

Sem/ELECT/2015(W)XEET-502) VT=9.130
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POWER ELECTRONICS AND DRIVES
( Code : EET-502)
Full Marks : 70
Time : 3 hours
Answer any five questions

Figures in the right-hand margin indicate marks

1. (a) What is rise time ? ' 2
(b) How thyristor is protected by gate protection? 5

(¢) Explain principle of operation of thyristor
- with V-I characteristics. T

2. 8 ' What do you mean by phase angle control of

DL

thyristor ? ; 2
(b) Explain gate triggering of thyristor by
~ resistance firing. 5
(¢) Explain single phase half controlled bridge
~ converter for R-Load. T
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POWER ELECTRONICS AND DRIVES
(Code : EIET=502)
Full Marks : 70
Time @ 3 hours
Answer any five questions

Figires in the right-hand margin indicate marks

1. (@) What is delay time ? 2
(.-_‘:}_,Explain any three turn on methods of
v thyristor. | 5
(¢) Explain working of RC firing circuit. 7

2. (a) What is the difference between natural
commutation and forced commutation ? 2

(b) Describe overcurrent and gatﬂ*pruteétiun of
thyristor. : 5

\Mﬂplﬂiﬂ switching characteristics of SCR
with necessary diagram. )

( Turn Over )
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‘ ~ ation of
() Bxplam roxonant pulse commaul :

sty
() BExplain operation of sing o phase [ull-wave

converter with R1. load and free wheeling ?

diode.
4.7 (@) Classify Inverter. 2

() -Describe operation of single phase half
" wave converter with RL load. b

(L)H’E:-Lplam single phase voltage source series
7

~" inverter.

5. (a) Whatis cycloconverter and where it is
used ? 2
(5) Explain working of type B chopper. 5

(¢) Describe working of single phase to single
phase step-down cycloconverter. 7
6. (a) What do you mean by electrical drives ? 2
V — Sem/ELECT/2018(W)(NewXEET-502) ( Continued )
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(b) Describe operation of Buck Boost converter. 5
(¢) Explain construction and working of IGBT. 7
(@) What do you mean by power BIT ? 2

(p) Explain speed contro] of induction motor by
stator voltage control method. 3

(¢) Explain single

phase Half-wave converter
DC Drives. |

7
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Answer All questions
What Is thyristors?

] 1 ¥
What is the difference between natural commutation & for
commutation? il

What do you mean by duty cycle?

What is the function of buck converter?
Define snubber circuit.

What is cycloconverter & where it is used?
What do you mean by electrical drives?

Define delay time.
What is power semiconductor diodes?

Define inverter.
Answer Any Six Questions
Explain V-l characteristics of thyristor with a neat sketch.

Explain mid-paint cycloconwvertor.
What is an UIT? Explain UIT as a relaxation oscillator.
i i ter
Explain the principle of operation of single phase half wave converte

circuit with R load.
Explain the principie of operation of step up chopper.

' trol
Explain speed control of induction motor by stator voltage con

method. _
Describe the construction & operation of power dlﬂd?. e
Explain the principle &operation of both anline & offline ; Tet

Describe the operation of voltage source parallel inverter circuil.

Explain single phase half wave converter DC drive. .
Explain switching characteristics of SCR with necessary diagram.

Describe the construction & working of IGBT.

03
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Answer Al guestions

Winan s hoslding curment?

What s rise time?

What are the turn on methods of SCIR?
What is valley point in LLIT?

What is the use of free wheeling diode?
What is firing angle of SCR?

What is the use of a.c regulator?

What is the use of electrie drives?

Draw the symbol of DIAC and MOSFET.

What is the use of UPS?

Answer Any Six Questions
Explain resistance firing of thyrisear,

i o = r.
i::: ::n:;: ji I"Cr;::::::lmn yoltage source inverles and Current SOMCCE INversT?
Explain gate protection of thyristor.
Explain the pperation of single phase
Explain operation of buck ¢
Explain the speed control of induction m

half bridge voltage source inverter.

onverter.
ator by stator voltage control.

stics of SCR.
principle of MOSFET.
& full wave converter with R-L load an

Draw and explain V-1 characteri

Explain construction and working ——

Explain the operation single phas
“E;ﬂ;f;ﬁl the operation of series inverter with wave forms of circ ;

- ith n
Explain the operation of single phase step up cyclo-converter Wi
waveforms.

uit parameter.
eat sketch of



