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Classification Of Choppers

Choppers are classified as
— Class A Chopper -
—Class B Chopper
— Class C Chopper
= Class D Chopper
— Class E Chopper

Pred, TA Answit Knay, EAF Depr, SEATT

1 0 "

Class A Chopper

N LS
L I 4

L]
]

—
<

el T e o s ELE Dapl. MIRT

Climgper
% vy %
PR L

el

When chopper is ON, supply voltage Vis

connected across the [oad.

When chopper is OFF, v, = 0 and the load
current continues to flow in the same direction

through the FWD.,

The average values of output voltage and

current are always positive,

Class A Chopperis a first quadrant chopper .

Brod TX Ananths Komar, EAE Dapt, MIRT

Fr E

Prof. T, Ananifer Kumar, ESF Depd, MAMIT

. Class A Chopper is a step-down chopper in
which power always flows form source 10 load.

« |tis used to control the speed of dc motor.

« The output current equations obtained in step
down chopper with R-L load can be used to
study the performance of Class A Chopper.

= m e
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Prod, TX Ansnttss Kumav, FAF Dept, WIRT E!]. [El % N Mzmﬂhm Mtﬂ-ﬁlﬂw E] m
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« Average output voltage is positive.
- Average output current is negative.

+ When chopper is ON, Edrives a current :
« Therefore Class B Chopper operates in second

through L and R in a direction opposite to that

shown in figure. quadf':mt_
« During the ON period of the chopper, the + In this chopper, power flows from load to
source.

inductance L stores energy.

+ When Chopper is OFF, diode D conducts, and
part of the energy stored in inductor L is
returned to the supply.

Prad. 0 Aot Kumar, ELE Dept, MIRT m i IF Prof FE Adsastha Kumsd, FIF Dept, WUET o

« Class B Chopperis used for regenerative
braking of dc motor.  {scerey ) vl r‘; LS
+ Class B Chopperis a step-up chopper. p
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Prof, TK Ansathg Kumar, FAE Depl. WERT

Expression for Output Current

(=] E "

Prof TR dnanih Kovar, ELE Dapt, MSEIT

During the interval diode "D’ conducts
voltage equation is given by
Ldi,

V=—=+Ri,+E
dr

For the initial condition i.e.,

ip(1)=1,, ati=0
The solution of the above equation is obtained
along similar lines as in step-down chopper
with R-L load

Praf. FIC Anantha Kumar, ELE Dept, WERT

v 3

& B =,

At 1 =1y, "..[u] (I } = foe
R
V-E ‘—E".u' —lww
i L b L
fnm ——R—(t g +.fmn£'
During the interval chopper is ON volagze
equalion is given by

ﬂ:i—:?l+m,,+E

Frod. FK Anantha Numar, FLEF Dept, MIRT




Redefining the time origin, at =0

f” (F} 5 'Fﬂ"-h

The solution for the stated initial condition is

: 2 E Ay
ih()=1,¢e" -—E[Iw—e ’ ]

At t=1,, i{)=1

: . " K
# g e L el -E(l e L™ )
R

Frof. T Anandhe Kumar, EEF Depl. BSTT

ﬂ {; {IH‘N

=1 E *~

and Class B Choppers.

conducts,

D, conducts.

'I'

receives power from the source.

Class C Chopperis a combination of Class A

dam A

For first quadrant operation, CH,1s ON or [J,
—.h__t

For second quadrant operation, CH, is ON or

When CH, is ON, the load current is positive.
‘The output voltage is equal to *V" & the |(}E.E|

When CH,is turned OFF, energy stored in
inductance ' forces current to flow through the

diode D, and the output voltage is zero,

Prof, ;m Kumar, EAEF Dept, WIRT

B3~

!
!

T T
. e wneeting Droe

E{"'-§7 ZED.
g -:--l: ¥ 1:«
3- "
£
V= ...} . . 1
EE‘II,EZ “ EE“: L v
Chnppo T i
I
andlils =l E Y
Prad TX Kumsr, EAE Dape, MSRIT

Class C Chopper = classA + clan B

+ Current continues to flow in positive direction.

» When CH,is triggered, the voltage E forces
current to flow in opposite direction through L
and CH,.

+ The output voltage is zero.

+ On turning OFF CH,, the energy stored in the
inductance drives current through diode D, and
the supply - -

+ Output voltage is V, the input current becomes
negative and power flows from load to source.

= > T

Frof, X Ananihe Kumar, EAE Depl, MERIT ‘\
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i3 Cinte pul=e

—l of CH,
— []

» Average output voltage is positive

« Average output current can take both positive by 1o e e
and negative values. : -: ? E L~ ol Ol

« Choppers CH, & CH, should not be turned N :
ON mmultanecsusty as it would result in short B Oty survent
circuiting the supply. /\. /\"'ﬂf P

« Class C Choppercan be used both for de motor

D‘i—ﬁ‘i-ﬁhN

n AP TR I'.'I -H:'H

control and regenerative braking of dc motor. Dgn t 0 0N [ SADelgE N OH
= Class C Choppercan be used s a step-up or e e N ,_,,_r':‘“""" Vo
step-down chopper. '
i
g 2
Pt TA Anercha Mo, FEF Dapt, WSRT E-ﬂ ﬁ:} = i i Bept T Ananghs turar, FULE Depl. WERTT m !

Class D Chopper « Class D is a two quadrant chopper.
« When both CH, and CH,are triggered
c 4&1 simultaneously, the output voltage vp = Vand
output current flows through the load.
o +—Aﬁ.ﬁﬁ¥lﬁ:m—~ | « When CH, and CH, are tuned OFF, the load
T, - ' current continues to flow in the same direction

through load, D, and D,, due to the energy
stored in the inductor L.

|« Qutput voltage vy =- V.

: Prad. T8 dnsaths Kangs, FAE Depd, MWIRIT m m 4

. 'JLCHW fin ﬂﬂﬂﬁ'u&iﬁ? Mu
h Wgﬂ’ Mﬂﬂ}' Fhfm o~ 1’511
W Jﬂech .m bﬁbﬁn .



« Average load voltage is positive if chopper
ON time is more than the OFF time

- Average output voltage becomes negative if
fov < lorr+ | '

- Hence the direction of load current is always
positive but load voltage can be positive or

negative,

1 [E

Prof, TK Ansnins Kumar, FEF Dept. MEET

ol . Gate pulse
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Four Quadrant Operation
vy

CH, - D, Conducts | CH, - CH, ON wWNe 1
D, - D, Conducts | CH, - D, Conducts +Ve V

CH,-CH,ON |D,- D,Conducts ~VeV
CH, - D, Conducts | CH, - D, Conducts +\& ol
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. Therefore the chopper operates in the
fourth gquadrant.

+ When CH, and CH,are triggered, the load
current i, flows in opposite direction & output
voltage vg =-V.

« Since both ipand v, are negative, the chopper
operates in third quadrant. }
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. Class E is a four quadrant chopper
« When CH, and CH, are triggered, output

+ This gives the first quadrant operation.
. When both CH, and CH,are OFF, the energy

current i, flows in positive direction through
CH, and CH, and with output voltage Vo = V.

stored in the inductor L drives /g through
and D, in the same direction, but output

voltage vp=-V.
i
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. When both CH, and CH,are OFF, the load
current 7, continues to flow in the same
direction D,and D,and the output voltage
Vo= V.

. Therefore the chopper operates in second
quadrant as Vg 1S positive but iy is negative.
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« To start the circuit, capacitor ‘C”is initially
charged with polarity (with plate "a’ positive)
by triggering the thyristor T

+ Capacitor ‘C" gets charged through Vs € T
and load.

« As the charging current decays Lo zero thyristor
T, will be turned-off.

« With capacitor charged with plate ‘a' positive
the circuit is ready for operation.

« Assume that the load current remains constant
during the commulation process.
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« For convenience the chopper operation is

|+ Caputerd T e
Mode-1 Operation 2Teon [ ~\ &
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divided into five modes. o—— TR

— Mode-1 B

—Mode-2 L

— Mode-3 Vs g

- Mode-4 D

— Mode-5 \
g
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Capacitor Discharge Current
« Thyristor T, is fired at £ = 0. 3 v K - e
+ The supply voltage comes across the load. e (I) v I s
* Load current /; flows through T, and load. 1
= At the same time capacitor discharges through Where W ==
T;, D, L, & 'C’and the capacitor reverses its LC
voltage. & Capacitor Voltage
» This reverse voltage on capacitor is held i
constant by diode D,. V(1) =V cosat
(o]
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Mode-2 Operation o0
_h'iﬂﬁfﬂil" I * Thyristor T, is now fired to commutate
i L, '_ ]:: thyristor T
V.——C 3 * When T, is ON capacitor voltage reverse
Vv . T T ) biases 7, and turns if off.
5 2 2 : -
Dr ﬂ + The capacitor discharges through the load from
-V to (O
Rz | * Discharge time is known as circuit tum-off
time.
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Circuit tum-off time is eiven b
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Where I, is load current.
te depends on load current, it must be designed
for the worst case condition which occur at the

maximum value of load current and minimum
value of capacitor voltage.
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» At the end of Mode-2 capacitor has recharged
to Vs and the free wheeling dioda starts
conducting.
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* Capacitor recharges back to the supply voliage
(with plate *a” positive).

» This time is called the recharging time and is
given by

» The total time required for the capacitor to
discharge and recharge is called the
commutation time and il is given by {, =f- +1;
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« FIVD stants conducting and the load current
decays.

* The energy stored in source inductance Ly is
transferred to capacitor.

* Hence capacitor charges to a voltage higher
than supply voltage, T, naturally tumns off,
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The instantaneous capacitor voltage is

L .
V. (1) =Vs P, J?‘ sinw,!

Where
|
W, =—F——=
: L...!;C
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Capacitor has been overcharged i.e. its voltage
is above supply voltage.

Capacitor starts discharging in reverse
direction.
Hence capacitor current becomes negative.

The capacitor discharges through Lg Vg
FWD, D, and L.

When this current reduces to zero D, will stop
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