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Power ELECTRONiIcS  UNIT-II CONTROLLED RECTIFIERS o

f ~
-

Controlled Rectifiers
Important Definitions

mm.mummummmnmmmmmmuw.
SCR s tmed ON. Or  The Firing Angle is the angle at which thyristors are trigge

A

D
\ Y
\

2810 Croesing. \7 ,
Conduction Angle: The Period of Positive Hall-Cycle of AC wave durig Which & Silicon-
Controlled Rectfier (SCR) is tumed ON. A)Y

: ’
It & is the Firing angle, tha conduction angie is w-a A \
<

4

'S

AN o
Note : The Following po@wbc kept in mind while discussing controlled rectifier:
N

1. The necessary.conddion for turn ON of SCR Is that, & should be forward biased and
pate signal must ,bé applied. In other words, an SCR will enly get turned ON when it Is
forwa HM‘and firad or gated.

2. SGR wibonty tum off when current through It reaches below hoiding current and
reverss voltage is applied for a time period more than the SCR turn off time.

e
; .i,qﬁllod Rectifier: * A controlled rectifier is a circuit which s used for converting AC

v
\‘\'
« »

AN

~\

|+ Supply into Controlled DC supply 8 fed to the load.”

This process of converting altemating current (AC) 10 direct currant (DC) s slso caled

as controfled rectification
In controtled rectfier, the diodes ara replaced by Thynstors or SCRs
(S&icon Controtled Rectifiers). As the diodes offer no control over the ofp voltage, so the
Thyristors can ba used to the controlled output voltage by adjusting the firing angle or delay.
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POWER ELECTRONICS UNIT-II CONTROLLED RECTIFIERS §S
m:m m Q »

mammwmumummmwmmmamm§ -

power supply.

o “controied DC outpul anly for Posilve Hal Cycle of the AC inpid supply.
The word “contrelled” means that, we can change the starting point of load current by
* controliing the finng angle of SCR.
A Single Phasze Hall Wave Coatrolled Rectfier circut consists by one SCR / thyristor,
an AC voitage scurce end load. The load may be puraly resistive, Inductive or & comination

é ' of resistance and inductance.
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UNIT-1I

POWER ELECTRONICS CONTROLLED RECTIFIERS

Figure Shows the circull diagram of Single Phase Hall Wave Controlled Rectifier with

Page 3 of I8

A

f
4

""\

w

Resistive Load. In this Circult, an SCR (T ) nmedlomdllythekwommgSimen&K

the input, and this rectified oulpul will be supplied lo an Resistive load,

(\
v
)
Vg * Load outpat voltage o—Vi—ad N
y AN
iz = Load current - A (e
‘ »
V= Vo across the Thynstor (N --I
T lage yrs @\'W . RS—:- y
A 1
S22 -
"

Dunng the Positive Half Cycle of the Inplt Supply, the SCR ( T ) is forward biased.
Theloadowpmvonageiszemwsmuw Dunng this cycle, the SCR is Triggerad at a
fiing angle wt=a and SCR (T)wmsmmndm But as soon as the supply voltage
bacomes zero at wt = w, the Joad wlﬂbecomezoro

AMM=1r(Dmingmg;MHalnyde’ SCR ( T ) s reversed biased and will
Turned OFF atwt=1w

m«S:m in OFF condition til it & fired again at wi = (2m+0),
The wave shapow} vol and current in case of Resistive load are shown below:
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POWER ELECTRONICS UNIT-1I CONTROLLED RECTIFIERS <
f ~
Therefore, the load cutput voltage and current for one complete cycle of Input supply voltage ‘l X
may ba written as \
=VaSinwt  for g% we W | \\ '
N\

u=v..smwa for gsut =T
3 W

As we know that, average value of any funchion fix) cab be calcuated using y:o‘lcﬁmla
<9\ )
SN
Let us now calculate the average value of output voltage for Single Phase Half Wave
Controlled Rectifier, a \

T
Average Value - (1/T) " f(x)dx

Average Value of Load output Voltagé A%
I .
- (1/210) I VmSinotd(wt)
0 N
A /', ’ In
- (1/2m) r VmSinatd(et) + [ VmSinwtd(wt) + j VmSinwtd(wt)
0 o\ WA (3

>

) )
Since the vaie of load W@e 5 Zero from 0s ot <a and W<et<2m, therefore

= (1/2m) ] VmSinwtd{wt)

. | For Single Phase Half Wave Controlled Rectifier:
L - Average Value of Load output Voltage

. - (™) 1+ cosa
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POWER ELECTRONICS UNIT-II CONTROLLED RECTIFIERS

A

<~
From the expression of average output voitage, it can be seen that. by changing fring

angle a, we can change the average output voltage. :"_‘\
The average output voltage Is maximum when firing angle is zero and 3
minimum when firing angle o = w. muﬁom.lbdw
controlied rectifier,
Averags load current for Single Phase Half Wave Controlled Rectifier'ean. Osly
calculated by dividing the average load output voitage by load resistance R )
/

Flgure Shows 1 (a) the circuit MQram of Single Phase HaNyM Controlled Rectifier
with Inductive Load. InlﬂsClrcun.mscﬂ('r]lsuseq fly the ncoming Sine Wave
from the transformer secondary, and this rectified OW b supplied to an inductive load,
sUCh a5 a motor winding or relay codl. 3

The wave shapes for voltage and curéqt in case of an inductive load are given In
Fig.1.b. The load is assumed to be highly imductive.

D 4.

Wy o :
e b |
S s L ,/]
X : .
A A\ E L/
= TR LID) Wvwhos o 5 holbasne ombotied cncvter wih L, bid
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POWER ELECTRONICS UNIT-N CONTROLLED RECTIFIERS

During the Positive Half Cycle of the Input Supply, the SCR ( T ) Is forward bias

Page 6 of I8

A

\‘;

Y
The load output voltage is zero bl SCR triggered. Dunng this cydle, the SCR is Tn ata

fiing angle wkt = a and SCR ( T ) will Start conducting. The SCR will continue conducted in
positive nalf cycle, \“ g

During Negative Halt Cycle, when the supply voltage reverse, lpo SQR (7T ) ls kept
conducting continuously due to the fact that current through tf\o'hductanoe cannot ba
reduced to Zero. During negative voltage halfcycls, cumant. Mleous flow il the
energy stored in the inductance is dissipated in the load resisiorand a part of the energy Is
fad back to the sourca. \

The effect of nductive load is increased in the duction period of SCR. Dus to this
reason. effective Load Voltage and Load Curtent will reduced. This problem can be
resolved by connecting a Free Whesling Dlt;:hln anti- paraliel with the inductive Load.

AT
Freewheeling Diode
Freewhseling Diode:- A freewheelingdiode is basically a diode connected across the
inductive load terminals to ¢ mant of high voltage across the swilch. Whan
the inductive circuit lssﬁhc off, this dioe gives a short circut path for the flow
ofmduwdeewanrdandhmoodsapaﬁondmwmymmemdm This diode is
aiso called Fiywheel or Fly-back diode.

1. The ‘mnm Dioge improves the waveform of the load cumrent of Reclifier

wwhs, Inverter circuits, and chopper circuits by making it continuous,
2. The Freawheeling pratect the SCRs from damage in the circuits with Inductive Load
", from the excessive reverse voltage creating by the Inductive Load.
V3. The Freewheeling Dicde improves the Input Power Facior of Phase controlied
Rectiliers,
4. The Freewheeling dode sustains the average output voltage of tha circult with
Inductive Load.
5. It also helps to reduce Ripple comgonents in the output signal of the circud with
Inductive Load
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Figure Shows the circuit diagram of Single Phase Half Wave Controlled Riaq;vmh
Inductive Load and Free Wheeling Diode. In this Circut, an SCR 5 used"bmﬂlfy the
incoming sne wave from the transformer secondary, and this rectified oup@wtl.bo supphed
to an inductive load. such as a motor winding or refay coil. The EG\WMQ Diode is
connected acsoss the Inductive Load in reverse biasing, £ \ )

ach
‘\<‘
e
> - "
A ity g”& . ‘"’A Ew
A . 0
-\
A
BT O - N\
T ranasorees
A/ ’

The wave shapes for woltagc m Wl in case of an induclive load with Freewheeng

\»

Diode is shown below:

FIg.-B Wauoeforvms for hall seove cortrolleod-rev i fier wit e iesofae e
lowred sareed frocw heeling dicde
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During the Positve Half Cycle of the Input Supply, the SCR is forward biased, The N
load output voltage is zero till SCR inggered, Dunng this cycle, the SCR is Tripgered at ad :": )
firing angle wt = @ and SCR will Start canducting. The SCR will continue conductedin A\
positive half cycle and allowing the current through Inductive ( R-L ) Load. The Wy"‘
dhode (FD) is reverse biased During this half-cycle. ®. -
L

During the Negative Hali-Cycle , the Freewheeling Diode becomes faward biased and
the SCR wit Tumed OFF, the currant that was previcusly flowing throtgh the SCR and the
load inductance, also starts 1o switch OFF, which causes lhorjn_dll‘brylo develop a large
reverse voltage (positiva on the bottorn of the nductor, r’wglﬁvl’on the top) o try and
maintain the previous cument flow. Ths large mﬁvb!&ngo spke would ordinanly be
applied across the SCR (positive on the anode, negatite on the cathode), potentially forcing
it fo caniinue to conduct when the gate is no longer enabled, and potentially damaging the
SCR A /

A \\

For this reason, a fuawhoﬁnﬁ dyh {FD} is connecled in paraliel with the inductive
load. With FD present, the large roverse )valage that would normally develop across the ad
idductance, causes FD to bocmlognhd biased, which acts like a short-orcuit o camp the
teverse voltage spike xjﬁq@‘omm» occur to @ safe level, correspanding lo the
forward voltage drop FD and output voltage across the load will Zero during this

Negative Half %h‘nagurmt wil flow contingously as shown in voltage & Current Wave

A ‘:QO‘GMNIWMM(MI)CMWW&-MrMWnM
~ AC Voitage into DC Voltage during both the positive and Negative half cycles.
WS In Half Centrolled Rectifier, One SCR and one Diode conducts for positive haf cycle
L. ) and other one SCR and olher Diode conducts for negative hall cyce 1o convert the AC
4 \ vallage to DC voltage.

AN

~\
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A

« ~
The Circuit Dvagram Fud Wave Half controlled rectfier 13 as shown below: =

i

o Vour W
x\\

iOl '02 VIL -
\7 )
SCR; ZiSCR‘ K-S

AC Supgly ' AN
/\/ Va ,V { Ros
= . <_< ) <
ZXDa , '_Dz
{ ) :

A )
During the Positive Haf Cycleyf the Input Vi, Signal , The Current flowing through tho
path of: Upper Terminal, o the Supply ( + ) , SCR, , Load ( R. ) , Dz and back to Lower
Tannind(-)ofihe&pgly. y

Sinilmy.%m'e Negative Half Cycle of input Vy, The Curant flowing through the
path of - Lower Taékmenal ( + ), SCR., Load ( R, ), D; and back to Upper Terminal ( - ) of
Mequw.‘; »

iy, YiLOMD

Vs | RS — p— —_— —
"
AV
X
\ A / ’ /
W Jlser,\ /|lscr\ | scr.\ /| scR:
A\ - ' o =3 ’ Dy ' Dz ’ [» 3
. -

< < Jou idudiun

It is clear that ona SCR from the top group (SCR; or SCRy) and its corresponding
S Diode from the bottomn group (D; or Dy) must conduct together for any load current to flow,
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A
f

Thus the average output voitage, Ve s dependcent on the Firing Angle o for the two o
~a e
SCRsndudedmNH&-COMNMR&W&&GMOMWMMMBMMV.‘ \ )
current whenever forward biased, So for any gate finng angle a, |heavetagooutputvq|p%_\i .

i5 given by: a\
Average Output Voltage and Current ®.

-
»
N oA - Ybﬁh&&-(*l.oo-m) \\7
r
) v {
Tave - e ,./\ y

‘.

A Full Wave Full controlled rectifieris a converts AC supply into

Controlled DC supply & This Fully controlled DC ) 1o the toad,
mmdmmmg({a (AC) into diract current (DC) & also
called as controled rectification, .
The Circuit Diagram Full Wave Fullconltrdlled rectifier is as shown below:

ONT Vour

. )\r L SCR; SCR4

\, ly
Y
)
A
K In the Full Wave fully-controlied rectifier configuration, the average DC load voltage s
p A\‘ controlied psing two thyristors /| SCRs per half-cyde. Thyristors SCR, and SCR, are fired

logether as a pair during the positive half-cycle, While thyristors SCRy and SCR; are also
firad together as a pair during the negative half-cycle | L.e. 180 after SCR, and SCRy .
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A
£~
During the Positive Hall Cycie of the Inpul Viy, Signal , The Current flowing through the ,‘; A
path of: Upper Terminal of the Supply { + ) . SCR, , Load ( R, ) . SCRq, and back to Lower' \,
Terminai (- ) of the Supply . \\.'

|
Similarly, During the Negative Hall Cycle of Input Vi, mcwuomqmm;\m
path of : Lower Terminal { + ), SCRy, Load ( R ) SCRzandbedtloUppchmT bof
the Suppy. -

Input Voltage
v

V/m”

0

VA///,VA////,VA//VA///,

] in iz 5 Time(t)
{sg\_u‘e 2 Wawfonn of Input and Output Voltages

7
As with the hall-controlled rectifier, the oulput voltlage can be fully controlled by
varying.thé SCRs firing / delay angie (a).
\
¢ .ﬂﬁhihe expression for the average DC voltage from a single Full Wave phase fully-
. controlled rectifier in its continuous conduction mode is given as:

\V
a ¥ VavE = MxAX * 0os(n)
4
N <
A\ < Tave = j%i“:
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Vave Fully-controtie SnNoge Reciinegr yvith ~ Qa0

In the Ll Wave Fully-Controlled Rectiier Configuration, the sverage DC load voltage. \f y
ia controbed using two thyristors / SCRs per hall-cycle. Thyristors Ty and T; are fired tedether

as a pair during the positive half-cycle, While thyristors T, and T, are alsofredmgébbe‘t' ;i' a
pair during the negative half-cycle ( Le. 180° after Ty and Ty | D

a. XS
When the kad is Inductive, the Dutput Voltage can be Negative for part of the cycle
This i because an inducior stores energy in its magnetic field which is kier (Seased.

’
The Circuit Ciagram Ful Wave Full controlled rectifier with R-L L’oat%as shown balow

Operation of this mode ain\bnl:lm between four modes
Mode 1 (o to )

In positive hall cycle of apped ac sigral. SCR's T, & T, are forward biased & can be
turned cn at an aggle o Load veltage is equal 1o posilive instantanecus AC supply vollage.
The load currenl is positive, ripple free, constant and equat 10 lo. Due o positive polarity of
load voltage & load current, load inductance will slore energy.

Mode 2 (rto 1+ a)
.\\\Atwt =1, input supply is equal to zero & after 1 it becomes negative, But inductanca

Opposas any change through it In order 10 maintain 8 constant koad current & also In same
.\ ‘drection. A se induced emf appears across ‘L' as shown, Due to this Induced voltage.
\ % SCR's T, & T; are forward biased in spite the negative supply voltage. The load voltage is
:\‘ negative & equal 1o Instantaneous ac supply voltage whereas load current is positive, Thus,

\ lad acts as source & slored enargy in inductance is relurned back 1o the 5 supply.
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A

i e WP
=i N S .\\\."

NN N
e =

~ A
7 ‘ \" /] L

X, \
Mode 3 (m+ato 2m) \

Atwt =1+ 0SCR's T5 & T, are tumed on & T,, T: are reversed bias. Thus , process
of conduction s-transferred from T, T: to Ty Ta. Load voltage again becomes positive &
mylssqédhmduwh. T4 conduct in negative haif cycle from { W+ a ) to 2 . With
positive lead vollage & load current energy gets stored.

Mode #{2 wto 2 w + a)
, ;‘}\‘At wi = 21, input voltage passes through zero. Inductive load will try to oppose any
\ wehange In current # in order to maintain lcad currant constant & in the same direction,
Induced & m. f. Is Positive & maintains conductng SCR's Ty & T, with revarse polarity aiso.
a V\ Thus V. is negative & equal 1o instantansous AC supply vollage. Whareas load current
p \‘ continues to ba positeve, Thus lnad acts a5 source & stored energy In inductance is retumead
back 10 ac supply At wt=a or 27+ q, T: & T, are commutated and T,,T; are turned ON,
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controlled using two thyrstors (| SCRs per hallsoycle, Thyristors Gy and Qq are fired L
% 4 pair during the positive half-cycle, While thyristors Q; and Q, are also fired Me
pair during the negative half-cycle ( Le. 1807 after Q, and Q. ;. 'l
When the load is inductive, the outpul voltage can be negative for Qtﬂl lhe cycle,
This & because an inductor stores energy in its magnelic field which is blﬂrélused

A free-wheeling diode can be placed in the circuit to prem\ﬂn\amwt voltage from
~

In the Full Wave fuly-comrolled rectifier conﬁgurahon the average DC load vol%' \' S

poing negalive.
The Circuit Diagram Full Wave Full controlled rectifier with R-L Load & Free Wheeling
Diode is as shown below: (.

)
T I\<

-
-

M

When the load is i_m;ﬁ&moouwutwan be negative for part of the cycie. This is
because an induélor. stofes enargy in its magnefic field which is fatec reloased. Current
continues to flow'and the same thyristors continue fo conduct, until all the stored energy is
released, S cccurs some time afler the AC source voltage passes through zero, the
oulpmm bacomes negative for part of cycle,

ﬁ!ﬁ! Voltage

o *® 23t 1y '3n : .47\: -‘x Tnnw(l)
Figure 2: Wavelorm of Input and Output Voltagoes
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The negative part of the output voltage waveform reduces the average ocutput voltage Ey. A N
frae-wheeling diode can be placed in the circuit to pravent the cutput voltage from goingd
negative. When the output voltage begins to go negative, the free-whesling diode conduets. S
This maintains the output voltage at approximately zero while the energy stored # mS'
inductor 5 released, The output voltage waveform is the same as for a purely reds/u\'.’lo;d.

and the average outpul voltage is therefore greater than it would be without the*frae-whesling

diode. The addition of a free-wheelng diode makes the cutput current wavehm ;cmoﬁwr.
AN\

N\

The full wave Full Controliec rectifier ciroult consisting of wo SCRs connectad with

cantra tapped transformer. The Cirguit Deagram Full !(833‘%&1!! controlied Centre Tappad
rectifier &5 as shown below: A '

Transfoemer G
o
u-m A )
AC 9 )/ 4

S0

Durlm the positive halfl cycle of the input, SCR, is forward biased and SCR; is reverse
Leasad-8y applying the proper gate signal, SCR, i tumed ON and hence load current starns
through It
During the negative ha¥f cycle of the input, SCR; 13 forward biased and SCR, Is
'remefse based. With a gate triggenng, SCR; is turned ON and hence the load current flows
through the SCR..
Therefore, by varying the triggering current to the SCRs, the average power deliverad
to the load 8 vaned.
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FILL IN THE BLANKS: AN
5 I espo cbsdeariiicas _.. Is 3 circuit that converts AC signal mto undirectonal signal. O
2. Main advantage of Bridge Converter is that it does not use any............ wioo. \- 8.4
3. In a Single Phase Fully Controled Rectifier, The...... ... of an ; ‘
Rectifier are replaced by ... A
4. In a fully controlled Rectifier, the boad voltage is controlled by M
............. ... of the Ractifier.
5. A Single Phase Haf Wave Controlled Rectifier dwm opo:a’»es
........ conduction mode N
A Half Wave Controied Rectifier contains............... sca*s\ )

8.
7. ASingle Phase Full Wave Fully Controlled Bridge Reciifieruses. ..., SCRs.
B. A Single Phase Full Wave Half Controdad Ragtifier Contains  SCRs
9. AFroe Whesling diode is used in the c«w?wm with ..., Load.
10. A Single Phasa Full Wave Comulad RWM operate in ..., Quadrants,

1" Full Formof HVDC i ... ............0 I
12.  The output voltage of a oomroib‘a Reclifier is maximum, when fiing angle i
............ Degree. AR
13, The output voltage of 1 commioa Rectifier i controlled by controlling firing angle
T AT 4\ ’
14, A Semi conw 3§lrato in ... quadrants and fll converter operate in
........ Quadrants.
15.  The use of Free Wheeling Diade 1o improve wave shape of ...,
\Yy
(
-
Answers:
LY
1) Rectifier 2) Transformer 3) Diodes, SCRs
C
Ny
\ " &) Firing Angle 5) Discontinuous 6) One
D
o - 7) Four 8) Two 9) Inductive
4 »
L ‘\\ 10) Two 11) Mign Varage Direct Current 12) Zaro
\ 13) SCRs / Thyristors  14) One, Two 15) Load Current
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* ™~
FILL IN THE BLANKS: <
Ay
16.  Conversion of AC into DC is called ................... WK
17 Conlrolied Rectifiers are used 1o convert AC into .. R RS \\‘ y
9 B ...Reciifier contains the mixture of diodes and SCRs. ‘\‘\
s | P ST R s Rectiber uses only SCRs in Rectification circuil. w

20.  When Firing Angle of SCRs mcreasad in the Reclifier, output vclaaew..y..’..
21.  When Conduction Angle of SCRs increased in the Regtfh;(,.omput voltage
»

) || F— AN

22 The Voliage form factor of Single Phase fully Controliéd Flalf Wave Rectifier with
Resislive Inductive Load & ......... compared to same Rectfier with Resistive
Load. A

23 The Single Phase Fully Controlied enege"aﬁ'cn\a can either operate in the
............ Of ccciieeanennn... Conduction Mode

24 In the contnuous conduction mods; '_ét least ... thyristors conduct at &8 timas.

25 Froe Wheeling Diode connected i =.......weh l08d In ...... bias made.

26 When Fring Angle of SC& Mhe'veamer circuit is Zero Degree the behaves /
output of SCRs will ba K8 a5 h.........

27.  Firing Angie is also K&oanas ........ Angle.

28.  FullWave Full Qpnu'chd Centre Taped Rectfiers contans ... SCRs.
- | TS YA S s Rectfiers have One SCR.
30. Cinie g, (s 81 Used to convert AC into controlles D. C.
oY
€Y
Answers.
‘Wmm 17) Controlled DC 18) Half Controlled

X
N

X 18) Full Controlled 20) Decreased 21) Increases

\
"
N 22) Poor 23) Continvous, Discontinuows 24) Two
Q 25) Parallel, Reverse  26) Simple Rectifier  27) Delay
28) Two 29) Half Wave 30) Controlled Rectifier
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TRUE [ FALSE Statement:

1.

2,
3.

1.
12
13.
14
15.

16.

T~
a

In & Single Phase Full Wave Half Controkied Bridge, both the SCRs conduct n me )
Hall of the AC Supply simullansousty, $
The Half Wave Rectifier is used most of the high power apphcations. v\& y
The average [ DC ) cutput voltage of Full Wave Rectilier is hwmanﬂ

Rectdfier,

When the reclification ccmponents are diedes, the circuits are termed s Md
rectifiors, \, )

When the rectification components are SCRs / Thyristors, the cﬂmm' are termead

as contro¥ad ractifiers. .

In Half Controlled Rectifier, Two SCRs are used. AN

Full Wave Controlied Recifier aow the power fo the Load"am bath cycles of the
Input.

The output voltage of confrolied rectifier is co by variation of fring Angle of
SCRs.

The uncontrolied Rectifiers cortains SCRs mNma

The cutput voliage of the Rectifier i decmaseﬂ with the increase of conduction
angle of SCRs

The output current can be ommpp { discontinuous depending on the R / L
(Resistance / Inductance) ratio of the Load and firing angle of SCRs,

The cutput voltage of the Rocﬂ)erh dacreasad with the increase of Firing angle of
SCRs

A full Wave Rectifier cdn oper&e in Two Quadrant.

A Hall Wave Rec a‘q operate in all four Quadrant,

A Single Phas&\‘Fu wave Half Controlled Bridge Rectifisr contaen four SCRs )
Thyristors,

The outputvoltage of a controlled Rectifier s maximum, when finng angle of SCRs

is Zero Degree.

Full Wave Full Controllad Centre Taped Rectfiers contains Four SCRs.

Half Confrolied Rectifier contains the mixture of diodes and SCRs.

‘Firing Angle is also Known as Conduction Angle.

Free Wheeling Diode connecled in paraliel with inductive lead,

» 1) FALSE 2) FALSE 3) TRUE 4) FALSE
5) TRUE 6) FALSE 7) TRUE 8) TRUE
9) FALSE 10) FALSE 11) TRUE 12) TRUE
13) TRUE 14) FALSE 15) FALSE 16) TRUE
17) FALSE 18) TRUE 19) FALSE 20) TRUE
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lnverters

_____—-——_-—\

It is a static power electronic circult which converts BC 1o variable AC i.e., %riation IN Magnitg,
voltage. frequercy and number of phases. Phase contralied rectifiers when operated ml;_‘ha >80°, They aray,
commutated inverters. It transters the energy from OC to an existing AC SUpply network, The output AC Witagy

frequency and number of phases cannet be controlled.

Q-/ 17 1-$ Half Bridge Inverters \ ' —l
Both thyristors are forward biased. So, triggeringis ¥s = Y, TCM

given to them so that only one conducts al & lime. A =

It consists of two SCR's, two diedes and three-wire ___@
supply. For 0 < ts Tf2, thyristor 7, conducts and the load is
subjectad to a voltage V,/2 due to the upper vollage source v. L
VJ2. At t = Ti2, thyristor T, is commutated and T, is galed —;
on. During the period 772 < £< T, thyristor T, conducts and the 'T
load is subjected (0 a voltage (Y2} due to the load voltage ' Figure 8.1

source V,/2.
Itis seen from the output wavelorms that the load voltage is an alternating voltage waveform of ampitde

V,/2 and frequency 1/THz. The frequency of the inverter autput voltage can be changed by contraliing T

I
] 2 | —‘
i ' .
] \ -l
Vo a—r'—hiﬂ— TE—T— T‘—.-;i.& Tz_.a:
Vﬂ ' 1 —_——
v lasdsas t
'0 2
7 :
V2R
t
"2 '

Figure-8.2



The output waveforms are square wavelorm They will be passed lhrough ful(ers 10 eﬁrmruaie mmed
RanmonNics.

Antiparaliel diodes are required for all the loads except resistive Yoad.

Antiparaliel diodes are also called as feedback diodes,
VB

Y, =L
B=5

Disadvantage

TR TR A AT e e

TP Al zny time output vonage is haif of the avarabiesmpiyvoltage So the source utilization factor wil )




s}/w Full Bridge Inverter / Voltage Sousce 1’\\/98“!’ .

\

NOTE: If'ali the thyrisiors conductata fime then the circu;

* Choose a suitable combination of two thyristors lnggerln g at dlfferen P - ma ¢ current aMa'/S
passes through foad.




~ ot

A
+ For a [ull bridge inverter, when T,, T, conducls, load valiage Is ¥, and when T, T, conduct load
voltage is -V, frequency of Ihe culput vehage can be controlled by varying the periodic time T,

At any lime output voltage is same as the supply voltage, So the sowrce utilization factor will be
100%.

For agiven inpul dc supply. load or output voltage is two times, output power Is four times in the full
bridge inverter compared to half bridge invarler.

igige
t
Twige : ‘ _ !
1
Va H : '
V,  —
; 37
% .
T T 27
2
— Vs :
' i ‘
e Ty —fm Ty l T, } Ty, —
Ty T T T
Figure-8.8
As the energy is fed back to the dc source vien these diodes conduct, these are called feed back

dicdes.

s e |



ies Inverters
Inverters inwhich commutating components are permancitly connect
saries inverters
The series circult so formed myst bo under damped.

edin sanes with tha ad arg cinm

The Basic 1-¢ Series Inverters

+ Vn L~
f .
L 2|
- T,
+ R Y
vL L r? Y_ﬂ
= L amem e
Vs Vc’.. c
T
Vo’ V. E :: led
2k | i1
o
Figure-8.16

The commutating components L and Cvalues are so chosen such thatthe series RLC circuit formes an
undercamped circuit,

When thyristor 7, is tumed-on, with T, off, current i starts building up in the RLC circuit; As the circuitis
undercamped, the load currant after reaching some peak value, dacays 10 zero at a point a,

SCR 7, isturned-off. After instant a, sometime . must efapsa for T, to regain its forward blocking capebiity

After T, has commutaled, upper plate of capaciior allains positive polarity. Now when 7, is turmed on at
instant b, capeacitor begins to discharge and load current in the reversed direction builds up to some peak
negative value and then decays to zero at instant C.

Capacitor delivers the required energy during the negative half cycle.

LA |4
Ta,> ?q =5 lef= [;-m—‘)>(q

vhere, f=oulput frequency
f, = ringing frequency
T4 = abor cdis called circuit turn-off time or dead zone time.

In

iz, !
i

fa
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8.6 yent Source Inverter (CSI)

During positive half cycie of current T, T, conducts and
During negative half cycle of current T, T, conducls.

o— Cursent nput to CS!

7V V/V v -
freq=2f {b)

Figure-8.18:(a) and {(B)
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A programmable logic controller {PLC) 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 robetic devices, or any activity that requires high reliability control and
ease of programming and process fault dizgnosis.

PLCs were first developed In the automaoblle manufacturing Industry to provide flexible,
ruggedized and easily programmable contrellers to replace hard-wired relays, timers and
sequencers; Since then, they have been widely adopted as high-reliability automation controllers
suitable for harsh environments. A PLC is an example of a "hard" real-time system since output
results must be produced in response to input conditions within a fimited time, otherwise
unintended operation will result

Program
|
Inputs | Cutpuss:
e [ AF
PLC architecture
Programming
Terminal
Powe / M
Sapply CPu —
|
j ¢ 3
Inpat Output
Module Modube
ne
| Input Outpat ’
Devices Devices

| PROCESS

It consists of a central processing unit (CPU) containing the system microprocessor,
memory, and input/output circuitry. The CPU controls and processes all the operations within
the PLC.It is supplied with 3 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

2



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
flow. It might be tracks on a printed circuit board or wires in a ribbon cable. The CPU 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 contrel actions. The system 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 memory of the PLC.
The controller monitors the inputs carries out the control rules .The control loop is a
continuous cycle of the PLC reading inputs, solving the logic instructions, and then changing
the outputs,

Advantages

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

* To modify a control system, the rules are to be medified [much easier to 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 control tasks and the industrial environment.
PLCs: — Are rugged and designed to withstand vibrations, temperature, humidity, and
noise —
Have interfacing for inputs and outputs, already inside the controller -

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

PLC vs Computer

CPMemery
Pawer Supsly
s
Outsuts
Zottware
erca'

111



How a PLC works: internal PLC

1btaos Cammrancaiin '
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* |s typical of small PLCs

* Comes in one package, with
no separate remavable units.

* The processor and 11O are
packaged togéther.

* Lower In cost ~ but
lacks flexibility.

/O Configurations
Proceasor

is diviged by compartments
into which separate modules

can be plgged

This feature groatly mcreases
your opicns and the unit's _
fleobilty. You can choose

trom all the modules availahlo f

and mix them in any way you Input module O:L“ module

desire




/O Configurations

Whan & moduie sldes 1o the rack

1 maokes an slactrical connaction with & senes of
conlacts - caliad the Sackplane. The badhplane
% located & e raar af e acs

Power Supply

* Supplies DC power 1o other
modules that pug into the rack,

«In large PLC systems, this

power supply does not

normally supply power 1o the
field devices.

is also used o power flold devices.

= In small and micro PLC systems, the power supply

« i5 the Train” of the PLC

« Consisty of @ microprocessal
for implementing the logic, and
controling the communications
among the modules

enterad in reday ladder logic form
stornd usar program, and sends

sppropeiate output commancs o
control devices

Processor (CPU)

Trew
oA

« Designed 50 the desired circuit can be

* Tha processor accepls input 03ts from
vanous sensing devices, execyles (he

Processor
Modute




/O Section

=]
Consists of: A
* Input modules ook
« Output modules.
/O Section
Input Module

+ Forms the ntertace
by which oput Neld
dovices are connaciod
1o the controlien

« Tha lerma “fald” and
real workd ane uses o

@stinguish sclust axtamal
devices thal pxist and ruest
ba physcally wired info tha systam

« Forms the interface
by which output flald
dovices are connected
10 e controies

= PLCs employ an
optical isclator which

uses light {o electrical-
by isolate the inlemal
components from the
Input and oulput
erminals

/O Section
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Programming Device

PC with appropriate
| software

Sotaew

b

« A personal computer (PC) Is the most commonly used
programming device

« The software allows users to create, edit. document,
store and troubleshool programs

* The personal computer communicates with the PLC
processor via a sefial or parallel data commumications link

Specifications of PLC Input Output Modules

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

Typical Parameters for an Analog Input Module

Module Parameter Type/Number/Typical Value

Number of input 8/16 voltage/current/Pt 100/ RTD

Galvanic 1solation Yes No

Input ranges +50 mVto =10 V: 220 mA; Pt 100

Input impedance for =50mV:> 10 M ; =10 V: > 30k; =20 mA

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

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

connections Pt 100

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

Conversion pninciple Integrating /successive approximation

Conversion time In ms (mntegrating) , Us (successive
approx.)




Typlcal Parameters for an Analog Output Module

Number of outputs 8 voltage and current output
Galvanic 1solation yes
QOutput ranges ( rated values ) +10V;0...20 mA
Load resistance
- for voltage outputs min. 33k
- for current outputs max. 300
Digital representation of the signal | 11 bits plus sign
Conversion time In us
Short-circunt protection yes
Short-circuit current  approx. 25 mA (for a voltage output)
Open-circunt voltage  approx. 18 V (for a current output)
Linearity in the rated range £0.25%+2LSB
Cable length max. 200 m

Sequential control

Sequential problems have long been solved using conventional logic gates as building blocks, but
using certain technigues to express and identify the sequence logic equations that control the
system outputs
The software design procedure is a5 follows:

o The process is verbally described

o This description is translated into a function diagram

o The conditions are identified and converted into Boolean equations

o The Boolean equations are converted into ladder logic for the PLC
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RELAY LOGIC

Relays are the most popular components of the PLC hardware

Relays are used as cutputs in the ladder diagram

They can be used to control ON/OFF actuation of powered device

A refay can be latching or non latching

Alatching relay needs an electrical impuise to close the power circuit. Another
Impulse is needed to release the latch

Non latching relays hold only while the switching relay is energized and require
continuous electrical signal

Y ¥VvyEy

Relay logic is @ method of implementing combinational fogic in electrical control
circuits by wusing several electrical relays wired In a particular configuration The
schematic diagrams for relay logic circuits are often called line diagrams, A relay logic
circult is an electrical network consisting of lines, or rungs, in which each line or rung
must 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 controlled 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 horlzontal and contains the branches ,inputs and outputs
Branches

Inputs
Qutputs
Timer
Counter
Motor Control PLC Ladder Logic Motor Control Relay Logic
St Siop o |“| 1”1 lo:
= B O | == W | 1\ =4
cR) m‘—l
[
H '— i
1 M 1“1 bz
il i} { >
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——i }—— Normaly open contact|Switches, Relay efc.)

_J/r_ Nomaly closed contact
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PLC INSTRUCTION CODE

INSTRUCTION DESCRIPTION

CODE

Lo Start a rung with an open contact

LDI Start a rung with closed contact

AND A series element with an open contact
ANI A series element with a closed contact
ANB Branch two blocks In series

OR A paraliel element with an open contact
ORI A paraliel element with closed contact
CRB Branch two blocks in parallel

out An output

10




PLC Programming- realization of AND, OR logic

AND
Input Allnput B| Cut X
0 D 0 -
- A
0 1 0 AB - x ol &
1 0 0
p 1 1 ouT X
s )
A B

OR
Input Allnput B| Out X

0 0 0

0 1 1 ==
NS A+B=X
1 1 1

D~
A X

O LDA
ORB

B OuUT X

n



XOR
Input Allnput B[ Out X
0 0 0
o 111 (A-B)+(A-B)=X
1 1 0
g3

) 181;_Ox

I < §

A B
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Draw ladder diagram for the equations given below

Y=(X14X2)X3

Xi

=)
1

Y

4

O__

=\

Y=(X1X2)+X3

% % Y

il I
H "

O

X3

f~\

Write PLC program for the given ladder diagram
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X, x " o X1

—p o

Xy Xy LDI X5
'—‘}z_ I_—"'— OR X6
OR X7
r—"'—' ANB
ouT Y3
LD X1
X, X X X £ x:’:
— - —T—0— Mo
AND X6
Xs X Xy X ANI X7
— = AND X8
ORB
4 ouT Y3

Example of PLC program to automatically stir the liquid in the vat

PLC Mixer Process Control Problem

Mixar motor 1o automatoally
slir the liguid n e val

when [he lemgerature and
pressure reach pressi values

Alsimate manus
pushbulian comtrol
of the motor o he
provided

The lecoporature and
PrEsSsSUne Sansor swachas
closa thalr respective contacts whan condilions reach
e prasat values

14



Process Control Relay Ladder Diagram

L L2
120V e
Prossum  Tomperaire o
wwizh s \
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S —
1 Maruy
wehbuticn

Motor aturter eoll is eoutgarod when both the povssure
und tempernture switches e closed or when the manul
pinsbbutton o pressad

PLC Input Module Connections
AR S,
» The same input field
devices are used

T

=
-

* These devices are
wired to the input

module according 1o
the manufaciurer's —
labeling scheme
PLC Output Module Connections
Same output fielo

oevice 15 used and

wired to the output Yrise. g
module YA |

L) - — :
- e oy Fom |
)
‘
L]

e
" -b-.c'_j

»
.':: Triac switches motor

ON and OFF In accordance
with the control signal from
ma processor
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PLC Ladder Logic Program

Motor

Praseurn Tanpermes ='

v 2 ol

|l Il /)

i H LS
Marys!
pastbuton

(03

|

|

« The farmat used is similar to that of the hard-wired
relay circuil

TIMERS AND COUNTERS

A timer is device that introduce a time delay in a cirouit or system during its ON or
OFF condition, PLC timer, the time delay is introduced by programming

Classification of timers

Retentive Non Retentive Retantive Non Retentive

- . -— N e —

ematic diagram of a function blo timer.

The contacts on the left side of the timer function block are the timer enzble contacts

o  When they are closed, power passes to the left terminal of the timer, Its clock Is
enabled and it starts timing.

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

o Atimer function block has three output contacts,

TWER —_—_
Timetase o0
Prosst ._.()"—-
ACCumulino | "{ ]
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Functions in TIMER

Variety of time base is available

ol bt o oA o

sets the done bit
The programmer determines the preset time,

N

stops operating and the done bit is set

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

TIMER LAY

The instruction is used to delay turning an output ON or OFF. The TON instruction begins to
count time base intervals when the rung condition become true, As long as the rung 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

TON

TIVER Co-Delay
Tiesbass

Preset

Aoy mudalo

FUNCTIONS OF AN ON DELAY TIMER

When the timer s timed out, DONE BIT(DN) is set,

The ENABLE BIT follows the input enable contact status.

If the enable contact is true then output ENABLE BIT{EN) is true.
The timer timing(TT) bit is set when the timer is operating

The most comman time bases are 0.01 sec, 0.1 secand 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 specifies the value that the timer must reach before the controller

When the accumulator value becomes equal to or greater than the preset value, the timer

Output bit Is set when

Remsains set until use
of the following

Tymer.Done Bit (ON)  Accurmulator value Is normally
greater than the preset value,

Timer Enable Bit (EN)  Rung conditions are true,

Timer Timing Bt (TT)  Rung conditions are true and the
all values are less than the
PRESET value.

Rung condition becomes false,

Rung conditions become false,

Rung conditions become false
or when the done bit is set.

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 rung condition remains false the timer increments its
accumulator vale over each scan until it reaches the preset value. The controller resets the
accumulated value when the rung conditions becomes true regardless of whether the timer
has timed out

FUNCTIONS OF AN OFF DELAY TIMER

Output bit Is set when And remaining set until one

of the following

DN Rung conditions are true. Rung condition becomes false

and the accumulator value Is
@reater than or equal to the
preset value.

T Rung conditions are false and the Rung conditions becorme true
accumulator value is less than the or when the done bit is set
preset value.

EN Rung conditions are true. Rung conditions become false.

RETENTIVE AND NON RETENTIVE 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 - Retentive Timer. Counts
time base intervals when the instruction is true and retains the accumulated value when the
instruction goes false or when power cycle occurs, The Retentive Timer instruction is a
retentive instruction that begins to count time base intervals when rung conditions become
true.Non-retentive timers reset to zero and start from zero each time the timer function block
is energized.

FUNCTION BLOCK

15 14 13 12 11 10 9 8 7 «e
Wordo | [EN 77 [ ON] ¥ [ [ % |8 [ | weien ]
Word 1 Preset value (PRE) :
Word 2 Accumulator value (ACC)

DN lsti1
EN.TIZDNmle.Mbsmedhwlswv.ﬂbwum
dWO.G?bIdeoMOARmelmmulm&cthdm(mem
value (ACC) are lellWo:dsstaothocdlu:dWadzdlhemm
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EN- timer enable bit
TT- Timer timing bit
DN-Timer done bit
Each timer address is made up of a 3 word element
Word 0 is the control word

Word 1 stores preset value and waord 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 operations, 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 I3 2 11 10 9 W 1 "

elODCE S s === T ==
Woe | Freses value (PRE)
Wiyed 3 Accurvadator walue (AT

U bs count-up bt O bx cone domn B and DN s done bt A few coupter instroctions
e givens I the subsequent sectioos.
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count UP(CTU)

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

cTu

Count up
Counter
Preset
Accumulator

3.12.1 Count Up (CTU)

The CTU is an instruction that counts false-to-tree rung transitions. Rung transition caf
uwhymnuommmmmn(&mnimmmubymwwl

When the rung condition for a CTU instruction has made a false 10 wrue transition, the
accumulated value is incremented by one count, provided that, the rung containing the CTU
instruction is evaluated between these transitions. The abifity of the counter to detect a false-

to-true transition deperxis on the speed (frequency) of the incoming signal. The on and off
duration of an incoming signal must not be faster than the scan time.

The accurnulated value is retained when the rung condition again becomes false. The
accumulated count Is retained until cleared by a reset (RES) instruction that has the same
address as the counter reset

The accumulated value is retained after the CTU instruction becomes false, or when ihe
power is rernoved from, and then restored to, the controller, Also the on or off status of o
counter done, overflow and underflow bits s retentive, The accurmutated value and control bits

are reset when the appropriate RES instruction is enabled. The function block of a count4p
CTU Is shown in Fig. 3.14.

Count DOWN(CTD)
CcTD
Count down
Counter
Preset
Accumulator
3.12.2 Count Down (CTD)

The CTD is a retentive owipat instruction that counts false to true rung transitions. When
the rung condition for a CTD instruction has made a false-to-true transition, the accumulated
value is decremented by one count, provided that the rung containing the CTD instruction is
evaluated between these transitions. The accumulated counts are retained when the rung
conedition again becomes false. The accumulated count is retained until cleared by a reset (RES)
instruction that has the same address as the counter reset. The function block of a count-down

CTD is shown in Fig. 3.15,
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BASICS CONCEPTS OF SCADA,DCS,CNC

1. Supervisory Control and Data Acquisition (SCADA)
2. distributed control system {DCS)

3. Computer Numerical Control{CNC)
Supervisory Control and Data Acquisition (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 programmabie
logic controller (PLC) and discrete PID controflers to interface with the process plant or
machinery

w

DA?

e Saves Time and Money

Less traveling for workers (e.g. helicopter ride)
Reduces man-power needs

Increases production efficiency of a company
Cost effective for power systems

Saves energy

Reliable
Supervisory control over a particular system

Objectives of SCADA

1.
. Measurement: Measurement of variables for processing.

o

Monitoring : Continuous monitoring of the parameters of voltage , current, etc.,

Data Acquisition: Frequent acquisition of data from RTUs and Data Loggers / Phasor
data Concentrators (PDC)..

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

Control: Online real time control for closed loop and open loop processes.
Automation:: Automatic tasks of switching of transmission lines, CBs, etc.

Functions of SCADA

Data Acquisition

Information Display

Supervisory Control

Alarm Processing

Information Storage and Reports
Sequence of Event Acquisition
Data Calculation

Speclal RTU Processing/Control

21



ARCHITECTURE OF

HWuman-Machine-interfuce (V1)

RTU-REMOTE TERMINAL UNIT

Manitoring

L Process )

A collection of equipment that will provide an operator at remote location with enough
information to determine the status of a particular piece of a equipment or entire substation and
cause actions to take place regarding the equipment or network SCADA systems are used to
monitor or 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 control and data Acquisition {SCADA) achieves this
requirement collecting reliable field data through remote terminal units (RTUs) Intelligent
Electric Devices {IEDs) and presenting them to user requirement.

The user interface or the man machine interface (MMI) 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 software. All together, the term
SCADA refers to the entire central system. The central systemn 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 sensors at a factory, plant ar 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
consisting of a number of remote terminal units (or RTUs) collecting field data connected back to
a master station via a communications system,

The master station displays the acquired data and also allows the operator to perform
remote control tasks. The accurate and timely data (normally real-time) allows for optimization
of the operation of the plant and process. A further benefit is maore efficient, reliable and most
importantly, 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.

22



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

* Remote telemetry units (RTUs). These are small computerized units deployed in the
field at specific sites and locations. RTUs serve as local 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
pracessor for the SCADA system. Master units provide a human Interface to the
system and automatically regulate the managed system in response to sensor inputs.

* Communications network that connects the SCADA master unit to the RTUs in the
field.

Usage of SCADA

1. Electric power generation, transmission and distribution: Electric utilities 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.

2. Water and sewage: State and municipal water utilities use SCADA to monitor and
regulate water flow, reservoir levels, pipe pressure and other factors.

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

4, Manufacturing: SCADA systems manage parts inventories for just-in-time
manufacturing, regulate industrial automation and robots, and monitor process and
quality control.

5. 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 railroad crossing gates.

6. Traffic signals: SCADA regulates traffic lights, controls traffic flow and detects out-of-
order signals,
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DISTRIBUTED CONTROL SYSTEM(DCS)

level 4
Production Scheduling

leyd 3
Production Control

mm Eaem .o

i ALl Sem

A distributed control system {DCS) is a computerised contral system for a process or plant
usually with a large number of control loops, in which autonomous controllers are distributed
throughout the system, but there is central operator supervisory control. This is In contrast
to systems that use centralized controllers; either discrete controllers located at a central
control room or within a central computer. The DCS concept increases reliability and reduces
installation costs by localising control functions near the process plant, with remote
monitoring and supervision

The key attribute of a DCS is its reliability due to the distribution of the control processing
around nodes in the system. This mitigates a 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 whole process. This distribution of computing power local to the field
Input/Output {I/0) connection racks also ensures fast controller processing times by
removing possible network and central processing delays

» Level Dcontains the field devices such as flow and temperature sensors, and final
contral elements, such as contro! valves

o Level 1 contains the industrialised Input/Output {I/O) modules, and their
associated distributed electronic processors

* Llevel 2 contains the supervisory computers, which collect information from
processor nodes on the system, and provide the operator control screens.

» level 3 is the production control level, which does not directly control the
process, but is concerned with monitoring production and monitoring targets

= Level 4 is the production scheduling fevel.
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Advantages of DCS

Access a large amount of current information from the data highway.
Monitaring 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.
A sight full engineer can use the flexibility of the framework to implement his latest
controller design ideas on the host computer. N
- ' Ve )’

Applications

1. Electrical power grids and electrical generation plants.
2. Enwronmental control systems,

4 Radio signals.

5. Water management systems.
6. Oil refining plants. )
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Computer Numeric Control (CNC)
Numerical control (NC) refer to control of a machine or a process using symbolic
codes consisting of characters and numerals,

o < Data fiow V MACHINI
[4] = CONTROL
UNIT

T
|
L

Fgedback

\ Fasition
A 8 Yelocity
\ Diognostics

Computer Numerical Control (CNC) Machine

Computer numerical control (CNC) is the numerical control system in which a dedicated
computer is built into the control to perform basic and advanced NC functions. CNC controls
are also referred to as softwired NC systems because most of their control functions are
implemented by the control software programs, CNC Is a computer assisted process to
control general purpose machines from instructions generated by a processor and stored in
a memory system,

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 work, faster prototype production, reduction in lead times.

Disadvantages:

* Costly setup, skilled operators.
* Computer programming knowledge required.
* Maintenance is difficult.
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ESTION K
What is PLC
Draw and explain the architecture of PLC. Also mention advantages and disadvantages
Compare PLC and PC
How PLC works
What is sequential control
What do you mean by relay logic in PLC programming
Explain the concept of latching
Draw any three symbols used ladder programming

L T S S T R S O

What are the basic instructions used in ladder logic
10, Realize AND,OR,NOT logic In PLC leader logic
11. Draw the ladder diagram of NAND,NOR and XOR gate

12. Write ladder program for the given expression and also draw ladder fogic

Yu(X14X2)4X3X4

¥=(X14X2)(X3+X4)(X5X6)
Y=(X1X2)+X3
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Contact Symbols

Electrical Symbols

Control circuits con be represented pictorially in various ways.
One of the mora common approaches is 1o use control logic
diagrams which use common symbols to represent control
components. Althoeugh control symbols vary throughout the
workd, the symbols used in this course are common in the
United States and many other countries.

Various devices incorporate contacis to contro! the flow of
current to other control components. \When in operaticn, a
contact my be either open, a condition which blocks current
flow, or closed, a condition which allows current flow, Control
logic diagrams, however, cannot show the dynamic operation
of contacts. Instead, these diagrams show contacts as either
normally open (NO} or normally closed (NC).

T &

The standard method of showing contacts is to indicate the
circuit condition produced when the actuating device is in the

de-energized (off) state.

1

For example, in the following lllustration, the contacts are part
of a relay. The contacts are shown as normally open to indicate
that, when there is no power applied 1o the relay’s coil, the
contacts are open. \With the contacts open, there is no current

flow to light.

(&)
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Symbols on a contr
their energized (on) state

and switches are some
n purposes In such ca

oxplanatu

Normally Open Contact
Example

For example, in
<hown in the de-energized s
contacts are nol highhghted
contacts closo, comploting the p
the hght The contacts are then s
that they are not not thair norma

nmes

he following illustration, the ci

standard symbol.

Deonepred

Normally Closed Contact
Example

In the following illustration, when the rel
normally closed contacts
highlighted. A complete path ©
the light is on. When the relay is energized,

Rolay
Energized

T Yy

Conlacts are shown opposite
of their normal state {(NO).

turning the light off.

\\//

Relay
Energized

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

(4)

ol logic diagram aro usually not shown i,
Howaovaor, in this course, contactg

shown in thair energized stagg
505, tha symbol 15 highlighy,

rcutl 15 first
tate, and the normally open
wWhaoen the relay onergizes, the
ath for current and illuminat;
hown as highlighted to indic
| state. Note: This is not a

ay is de-energized, t
are shown as closed and are not

f current exists at this time, a
the contacts opg

e B

aas xS

Battery

RS

Yomitr.
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Switch Symbols

Normally Open Switch
Example

Normally Closed Switch
Example

Various typos of switches are also used in control circuits. Like
tho contacts just discussed, switches can also be narmally

open or normally closed and require another davice Or action

to change their state. In the case of a manual switch, someone

must change the position of the switch, A switch is considered

to be in its normal state when it has not been acted upon.

Switch symbols, ke the ones shown in the following
ilustration, are also used 1o indicate an open or closed path of
current flow, Variations of these symbels are used to represent
a number of dilferent switch types.

pe— s
Rarmely Closod Heemally Open
Swiioh . Swlich

In the fellowing illustration, a battery is connected to one side of
a normally open switch, and a light is connected to the other
side. When the switch is open, current cannot flow through the
light. When somecne closes the switch, it completes the path
for current flow, and the light illuminates.

Switch s showmn cppasite
of its rovmat state (NO).

In the following illustration, a battery is connected to one side of
a normally closed switch and a light is connected to the other
side. When the switch is closed, current flows through the light,
When someaone cpens the switch, current flow is interrupted,
and the light turns off.

\\V//

= '"

o 2y ol ATEN R S
P e L ‘3
K

EBJM[.

Swuiich is shown cpposite
of its normal stare (NCYL

(5)
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Plnhbllﬂon sYl'l'lbolt

Normally Open
Pushbutton Example

Normally Closed
Pushbutton Example

i A |
There aro two basic types of pushbuttons, momentary ap &
maintained Tho contacts of a momentary pushbutton chap,

stale, open 1o closed ar vice versa, when the hutton is Proseg,
Thay return 1o ther normal state as S00n as the button is ‘

latches in plaga
roleased. In contrast, a maintained pushbutton tg
when pressed. It must bs unlatched to allow it to retUM 1o ity

normal state,

|
N - I .
o o
NO NC

In the following illustration, a battery is connected to one side
a normally open pushbutton, and a light is connected 10 the
other side. When the pushbutton is pressed, current flows
through the pushbutten, and the light turns on.

opposte of s
normal state (NO).

In the following example, current flows to the light as long as

the pushbutton is not pressed. When the pushbutton is
pressed, current flow is interrupted, and the light turns off.

\//

Switch is shown '“”"""‘3
opposite of its g Battary -,
notmal stete (NC). - | SRREESERlS

(6)
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Coll Symbols

Coil Example Using
Normally Open Contacts

Moter startors, contactors, ond rolays are exompies of
doviens that open arkl close contacls cfectromamebca'v.ThO

olectromagnat in thesa dovices is called a coll.

A coil is commanly symbaolized as o circle with letters and
number mside. The lottors often reprasent the type of device,
such as M for motor starler or CR for control relay. A numbef
Is often addod 1o tho letter to differentiate one device from
another

The contacts controlled by a coll are labeled with the same
letter (and number) as the coil so that it is easy (o tell which
contacts are controlled by each coil. A coll often controls
multiple contacts and each contact may be normally cpen or

normally closed.
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In the following example, the "M” contacts in series with
the motor are controlled by the “M” contactor coll When
someane closes the switch, current flews threugh the switeh
and “M" contactor coil, The "M" contactor coil closes the “#"

contacts and current flows to the molor.
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'/ Overload Relay Symbols

Indicator Light Symbols

Other Symbols

Overload relays are vsed 10 protect motors from ovevhmr’é
When excossive current is drawn for predetetmiped amoyy,
of time, the averond relay’s contacts open, removing Power
from th'e motor The fallowing symbol is for contacts 35§0t:|a“‘
with a thormal overload relay. An overload relay used With a

three-phase motor has three such contacts, one for £3ch phay
|

e

Thoma!
Overicod

An indicator light, cfien referred to as a pilot light, is a smal
electric light used to indicate a specific 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 tha indicator light symbaol
indicates the color of the light.

\:; %—-
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Indzater Light Treficator Light

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

Cirewt
Interruptor

[ ]
IL') /)

Cireuit Broakor
WiThermal O.L.

Circuit Broakor
WiMagnetic OL.

Circuit Breaker
WiThermal and
Magnetic O.L.

Foot Switches

3

??‘

)

3

Pressuro and Vacuum Switches

Liquid Level Switches

NO

NC

NO

NC

_No |

oy

0

=

=

Temperature Actuated Switches

Flow Switches (A, Water, Etc.]

e

Py

"

8

Selector

2 Pasition

2 Position

2 Fos, Sel_ Pushbutton

o°

[ K
“"’nj_a/ﬂ

0A2

X - Contact Chsed

J KL
£

[4]
X

L

o’oﬁ.‘
- QA2

it

% - Comact Oead

e

FraeDans sl Foee
X

Pushbuttons

Momentary Contact

Maintained Contact

Dowble Circuit

Single Circunt
NO NC

NO & NC

Mushroomn
Head

Woebble
Stick

Two Single

Cireuit

One Double

Clreuit

= B

< a

Q_...L_O

Q_I_D

Q 9

¥/

N

ey 8

i

L
o
J

! =¥
-
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e -
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Pilot Lights

Contacts

Indicate Color by Letter

Instant Operating

Non Push-to-Test

Push-to-Test

With Blowout

Without Biowout

Timed Contacts - Contact Action
Retarded After Coil is:

Gt
LN

I i
-0 2;/1

NO

NC NO

NC

Energized

Deenergized

[r———

N
T

f

1
T

L

NOTC

NCTO

NOTO | NCTC

‘*1\"
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Coils

Overload Relays

Inductors|

Transformers

Therma!

Shunt

Magnetic

Iran Core

Auto

fron Core

Ar Core

Dual

33_

-0~
Series
N

——

Va'aa e

T

Air Core
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Joltage
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v ___AC Metors _ Behamatic Wiring
e’ Sngle Theee Phase Wound Not o | Powee | Controd
| Phase Souriel Cage Antoe Carnectod Canmnact é
“x/ ’ — l
- O—Ol=¢ I
|~ )=
‘__ OC Motors Idetor Motar Wirng | Connectiors [
. - Shunt Terrimal | ngechenical
P l Ehum | Somas Comm o fy'.::wb: —
] IR Foks Frerd Compens Feld | Tpoly | o | e
| AN \2'\' = 1\7’*1‘ P :
- Ay 3 e
Ty \.‘—, [Show 4 | (Show 3 (Shew 2 Ground M;ﬂ“"ﬂ'
N/ | loopsl [ toops Locpa! _@__ teviock
. Anmuncastor Bt Buzrer S-r::'z(c. —-‘—:_ =N
O Capacitors
| \_ [ ‘r § E Fixed Adjustatie
Resistors Madf Whave Full Wave Ractifier fFuss
| Foed Heaung Ad). By Rheostat Pot Rectifier AC Pownr of Control
l_ Elernant Froad Tage O A Tap
1 s
—{ RES — |—{_W_}—|—{RES «DC -bC
l
" AC
,: Supplementary Comtact Symbols Torms
SPST NO SPST NC SFOT
L
Soge |.Doume | Sege | Dowbio | Snge | Doube | SPST  Sglefole SingieThiow
Sresk | Bresk Break Break Braak Break SPOT Singe-Pole Double-T
|
" X I | e—= | o—a | = | 3. | oPsT  DoubloFolo SngieThiow
f
T ble-Pale Deubla-Throw
| _DPST 2KO DPST 2 NC DPOT OPD Do
" Snge | Doubla | Singe | Double | Single | Double NO Normally Open
Brear Break Break Sreak Break Broak
— NC Norma'ly Closed
2 I ! I "Tf et [l
! —_—t — P — el =
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" Symbols For

Static Switehing Control Devices

the-Line Starters (From NEMA Standard IC5 2-321A.60)

Control 8nd Power Connections - 800 Volts or Less - Actoss-

Static swatching control uses 2 Phgso 4 Phase
solid-stato dewces instead of 1 Phaso AWiro
eleciromechamcal dovices. Many Phase 1
of tho symbals used with this Lino Markings LiL2 &S-Phaso 5 L
type of control are the samo —— — KT
a5 those shown on the pravious Ground When Used Un 5: ul 'n" Mms —_— L2
page, but enclosed in o square as S s UU
shown in the follow unnng mant — —
i i Ovorcurrent |2 Element|  — L1L4 —
Contact  Limit Switeh | [UMts In 3Elomont] — — L1L213
Coil (NOI NO) Control Ccult
Connectad To 112 LL3 L2
@> < H > '@" For Roversing
Abbreviations Abbreviations are frequently used in control circuits. The

following list identifies commonly used abbreviations.

AL Altamating Cureant MTR
ALM Alarn MN
AM Ammeter NEG
ARM Armaiwe NEUT
AU Auromatc NC
BAT Batery NO
ER Brake Relsy O
CAP Cepacitn oL
s Circudt Brooker P8
CKT Ciros PH
CONT  Conual POS
CR Control Belay FAI
C1 Cuniert Translarmer FS

D Povm R
oc Direst Currant REC
DISC Discermact Swatch RES
oe Doure-Fole aH
DERT  Dovbicfoke, Doubie-Throw ]
DPST Double-Pole, Shge-Throw SEC
DI Doubla Throw SOL
F Forwasd SP
FREQ Frequancy SFPOT
FTS Faoct Switch SPST
FU Fusa S
GEN Ganerator SSW
GAD Groued T
HOA HarndiOftuta Salector Switth T8
i Intsprated Cecuit m
INTLE  Wntavlock THE
10L Fetanstaneods Overicad TR
JB Juncton Eox U

IS Umi Switch uv
LT Lamo VFD
M Macar Starter ‘ ¥FR
MSP Wiatar Starler Protectar

(1)

Mator

Manudd
Negavie
Neutral -
Nermaly Clased
Noemaly Open
Ohmmater
Craroad
Pushbutan
Prase

PosXive

Primary
Presaure Switch
Rewerse
Focher ;
Fesisior o !
fnaostat '
Seatch

Secondary '
Sekencid e e
Single-Pole

Single-Pole, Doutiia Thiow
Single-fola, Singa Throws
Selacior Switch 3
Safaty Switch

Tianshormer >3
Terminal Beard '
Time Celay v
Thermostat Swaich

Time Defoy Relay

Up

Urder\thage

Varizbde Frequency Ofive
Trarstormer
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2) Write short notes (any rwo) :

(i) BUCK-boost converter

(@) uIT relaxation oscillator

(ifd) Turn-off methods 6fSCR.
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5. (@) Define latching and holding currents as

applicable to an SCR. 2

(6) Discuss the importance of % 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. 3
6. (a) What is the role of optical isolator ? 2
(b) What is SMPS ? Give its operating principle
§

and industrial applications.

(é) 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) Discuss the gate characteristics of an SCR.

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



(b) Explain any one methods for turning-on of
SCRs with a neat diagram. 6

(c) 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 .

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

(a) Write some applications of cycl‘oconverters'. 2

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

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

LECT/2015(W)(Old)(Th-2) ( Continued)
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rages—4 Ve Sem/1E11C 1 2015(W) (OV\d)

POWER |5|.\‘('|'R()Nl('.\' AND PIIVES

( Theory —=2)
Full Marks . RO

’ Time : 3 hours

Answer any five questions

Figures in the right-hand margin indicate marks

1. (a) What ar¢ the different advantages we are
getting due 10 the use of a2 freewheeling

diode ?

) Explain with neat circuit diagram the

p_rinctple of operation of chopper. 6

) A step-up chopper has output voltage of
i o to four times the input voltage. For2
‘chopping frequency of 2000 Hz, determine

'the range of off-periods for the gate signal. &

’(:’g‘r,)f the different twin-on methods
available for a SCR.

( Turn OV



(2)

3. (a) What is hatching current ?
oltage source half

(b) Explain single phase V
tive load.

bridge inverter with resis
Itage source parallel

5

(c¢) Explain single phase vO
inverter.

7

4. (a) Whatis the’ difference between uncontrolled

rectifier and controlled rectifier ? 2

(6) Explain single phasé full wave AC regulator. 5

(c) Explain Type -C chopper. 7

5. (a) Whatis the use of UPS ? 2
(b) Explain the operation of speed control of
induction motor by stator frequency

control. AR
(c) Explain single phase full converter DC drive

7

with circuit diagram.

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

rem/ELECT/2015(W)EET-502) ( Continued)




. . . r. 5
(h) Explain single phase half-bridge converte
‘ ' . f
(¢) Explain construction and working pl’lnClP'c o .
MOSFET.
(a) What s the difference between power diode ,

7.
and signal diode ?

turn on methods of
5

(b) Explain the three
Thyristor.
(c) Explain single phase full wave converter with '

R-L load, with circuit diagram.

Sem/ELECT/2015(W)EET-502) VT-=9.130



Total Pages—3 V—Sem/ELECT/2015 (W)

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? 3

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

k'
ey 1
e N

| i thynstor ? . 2

” Explam gate tnggermg of thyristor by
~ resistance firing. 5

(¢) Explain single phase half controlled bridge
~ converter for R-Load. 7




Total Pages—. 3 Ve Sem/ELECT/2018(W)(New)

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. (@) Whatis delay time ? 2
(6) Explain any three turn on methods of

thyristor. ' 5

(c) Explain working of RC firing circuit. 7

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

(b) Describe overcurrent and gate'protection of
thyristor. - 5

\9/Explain switching characteristics of SCR
with necessary diagram. f

( Turn Over )




L0 d) I INAT IR N VI ol thyristor 2

() Baplam rosonant pnl-w commutation of

thynastor,

5

() Bxplain operation of single phase [ull-wave

converter with R1. load and free wheeling
7

diode.
(@) Classify Inverter. 2

() ~-Describe operation of single phase half
"~ wave converter with RL load. 5

(¢)/Explain single phase voltage source S€ries
7

<7 i
inverter.

5. (a) Whatis cycloconverter and where it 18
used ? 2
(b) Explain working of type B chopper. 5

(c) Describe working of single phase to single
phase step-down cycloconverter. 7
6. (a) Whatdo you mean by electrical drives ? 2
( Continued )

V— Sem/ELECT/2018(WXNew)EET-502)



(3)

(6) Describe operation of Buck Boost converter. 5
(¢) Explain construction and working of IGBT. 7
(@) What do you mean by power BJT ? 2

(6) Explain speed control of induction motor by
Stator voltage control method. S

(¢) Explain single phase Half-wave converter
DC Drives.

V= Sem/ELECT/2018(W)(New)EET-502) VT-1171(
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a.

b.
c.
d.
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It hand margin ingdi
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QO No 1&g 2
Chtes marksy,
Answer All questions

What Is thyristors?

What is the difference between natural commutati
commutation?

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- characteristics of thyristor with a neat sketch.

Explain mid-point cycloconvertor.
What is an UJT? Explain LJT as a relaxation oscillator,
Explain the principle of operation of single phase half wave converter

circuit with R load.
Explain the principle of operation of step up

Explain speed control of induction motor by s

method. .
Describe the construction & operation of power diode.

- : -
Explain the principle &operation of both online & offline Ui?S sy"ste
Describe the operation of voltage source parallel inverter circuit.

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

Describe the construction & working of IGBT.

on & forced

chopper.
tator voltage control

6 »
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Answer All guestions

What is holding cumem?

\What is rise time?

What are the turm on methods of SCR?
What is valley point in UIT?

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

What is the use of a.c regulator?

\What is the use of electric drives?

Draw the symbol of DIAC and MOSFET.

\What is the use of UPS?

Answer Any Six Questions
Explain resistance firing of thyristor,

Explain TYPE-C chopper.
What are the difference between voltage source inverter and current source inverier?

Explain gate protection of thyristor.
Explain the operation of single phase ha

Explain operation of b
Explain the speed cont

If bridge voltage source inverter.

uck converter.

rol of induction motor by stator voltage control.

aracteristics of SCR.
rking principle of MOSFET.
phase full wave converter with R-

Draw and explain V-l ch
Explain construction and wo

Explain the operation single

waveforms )
Explain the operation of series inverter with wave forms o
Explain the operation of single phase step up cyclo-convert

waveforms.

L load and sketch the

f circuit parameier.
er with neat sketch of



