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Step-up Chopper

Explain the operation of step-up chopper. Draw the relevant waveform. Derive an
expression for average output voltage.

Step-up chopper is a static device whose average output DC voltage is greater
than itsinput DC voltage.

A converter can be used to step-up a dc voltage and an arrangement for step-up
operation. When switch SW is closed for time t, the inductor current rises and
energy is stored in the inductor L.

If the switch is opened for time t1, the energy stored in the inductor is
transferred to load through diode D and the inductor current falls
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(a) Step-up arrangement
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Mode 1; Switch is ON

» When chopper (CH) is switched ON, the current will flow
through the closed path formed by supply source L
Vs, inductor L and chopper CH. NP

|
* During this period, no current will flow through the load. I D

-

» Only source current i, will flow and the value of load current |
I, will be ZERO during the ON period. = : L0KD

* Also, during the Ty, period, energy is stored in the inductor L. |

* This energy storage in L is essential to boost the load output s
voltage above the source voltage.

» Therefore, a large value of L is essential in a step-up chopper.

Mode 2: Switch is OFF

* When the chopper CH is switched OFF, the current through
the L can not reduce instantaneously rather it decays

b L
exponentially.
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* Due to this behavior of L, it will force the current through
the diode D and load for the entire time period Ty

+
* Since, the current through the inductor L tends to decrease, +| : ‘

the polarity of the emf induced in inductor L is reversed as —vs e Vo
shown in ahove figure. ]Y |

* As a result, the voltage across the load becomes equal to T
the sum of source voltage and emf induced in inductor. —

* Thus, the output voltage exceeds the source voltage V..
* The load / output voltage may be written as below.

V= Vs + L(di/dt)




When the converter is turned on, the voltage across the inductor is
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Ave d ge and this gives the peak-to-peak ripple current in the inductor as

Output v

Al = = H

\oltage E

E q U at| on The average output voltage is

Al _\!—V’
v, =V, + "‘}_ "
- hh=k
( rl) ( kT ) a
=Vll1+-=|=V[1+
' 5 ' h=(1-k)T

b=k

K value can be changed from 0 to 1.
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A step-up chopper has an input voltage of 220V and output voltage is 640V. If the
non-conducting time of thyristor is 100usec. Calculate the pulse width of the

output voltage. If the pulse width is halved, for constant frequency operation.
Calculate the new output voltage.
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Explain working of step-down chopper. Draw the relevant waveform. Derive an
expression for average and output rmsvoltage.

Step-down Chopper with RL Load

»A dc-dc converter with an RL load

Chopper is shown in Figure.

0 o/c\* * > »The operation of the converter can

. W . be divided into two modes.
t=0 + ]

»During mode 1, the converter is

Y; v, A D, R s‘witchcd on and the current flows
i from the supply to the load.

E » . .

5 - _T »During mode 2, the converter 1s

o, ¢

switched off and the load current
continues  to  flow  through
freewheeling diode D




Modes of
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iscontinuous . . T T
> | :
Assumption . . i I
, Lf--====—-- |
load current rises q | ; !
8 L i 2
linearly. AD, ’ : ! i
However, the current X ! |
flowing through an RL T & i I
load rises or falls Mode 2 0 kT v
CXPOHCH&H“Y th a (a) Equivalent circuili ) (b) Waveforms
time constant. The load time constant (1 = L/R) | "
The load current for mode 1 can be found from
& ‘ V.= Ri 1 I_.ﬂ i
?i_ a : dt
v, > which with initial current i; (1 — 0) = 1, gives the load current as
gn
. = (1) = e ™" + M—V‘R £ (1= ey (5.19)
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Mode 2

=

This mode is valid 0 = ¢ = r; (=47): and at the end of this mode, the load current
hecomes
."l[r=r1=.-’-.'T) =bh (5.20)

The load current for mode 2 can be found from

: diy
0=Rih+L—+E
= i

With initial current i;(r = 0) = I, and redefining the time origin (i.e., t = 0) at the
beginning of mode 2, we have
E (
R
This mode is valid for 0 =t = ,[=(1 — k) T]. At the end of this mode. the load
current becomes ;

L=15;

L—e

iz[!} = he LRIL :RFL)

(5.21)

B{t=t) =15 (522)

Continuous
current

Discontinuot
current




A step-down chopper with resistive load of 20Q and the input voltage is 200V.
When the converter switch is remains ON its volage drop is 1V and chopping
frequency is 2Khz, if the duty cycleis 50% determine, 1) Average output Voltage
2) RM S output voltage 3) Chopper efficiency. 4) effective input resistance.
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With circuit diagram and waveforms, explain the operation of class D chopper and
Four quadrant chopper.

Class D Chopper

* The load voltage is always negative.

* The load current is either positive or negative

» S3 and D2 operate to yield both a negative voltage and a load current.

» When S3 is closed, a negative current flow through the load.

* When S3 is opened, the load current freewheels through diode D2.

» S2 and D3 operate to yield a negative voltage and a positive load current.

» When S2 is closed, a positive load current flow.

* When S2 is opened, the load current freewheels through diode D3.

* It is important to note that the polarity of E must be reversed for this circuit to yield a
negative voltage and a positive current.

* This is a negative two-quadrant converter.

* This converter can also operate as a rectifier or as an inverter.

« The load voltage is always negative.

* The load current is either positive or negative

» S3 and D2 operate to yield both a negative voltage and a load current.

» When S3 is closed, a negative current flow through the load. « When S3 is opened, the
load current freewheels through diode D2

» S2 and D3 operate to yield a negative voltage and a positive load current. « When S2
is closed, a positive load current flow.

» When S2 is opened, the load current freewheels through diode D3.

* It is important to note that the polarity of E must be reversed for thiscircuit to yield a
negative voltage and a positive current.




Four-quadrant converter / Class E Chopper

* The load current is either positive or negative

* The load voltage is also either positive or negative.

* One first and second quadrant converter and one third and fourth quadrant converter
can be combined to form the four-quadrant converter.

* For operation in the fourth quadrant, the direction of the battery E must be reversed.
* This converter forms the basis for the single-phase full-bridge inverter.
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(e) Four-quadrant
(a) Circuit converter

With the neat circuit diagram and waveforms, Explain the operation of single-
phase full bridgeinverter supplying resistive a load.

Single Phase Bridge Inverter

* Full bridge single phase inverter is a switching device that generates a
square wave AC output voltage on the application of DC input by adjusting
the switch turning ON and OFF based on the appropriate switching
sequence, where the output voltage generated is of the form +Vs, -Vs, Or
0.

* A single-phase bridge voltage-source inverter (VSI)
* It consists of four choppers (Q1 D1, Q2 D2, Q3 D3, Q4 D4).

* When transistors Q1 and Q2 are turned on simultaneously, the input
voltage Vs appears across the load.

* If transistors Q3 and Q4 are turned on at the same time, the
voltage across the load is reversed and is -Vs.




Mode 1

Single Phase Bridge Inverter > UIZ

(a) Circuit s =
— a"

Mode 1 (0 to T/2):-

» During this mode switch 51 and switch S2 are ON and switch 53 and
switch S4 are OFF From period 0 to T/2.

» Current flowing path during this mode is Vs = S1- a -R(load reistor) = b -
52 =Vs.

» Voltage across the load resistor is positive Vs. (Vo =Vs)
Mode 2 (T/2to T):-

» During this mode switch S3 and switch S4 are ON and switch 51 and
switch S2 are OFF From period T/2to T.

» Current flowing path during this mode is Vs - $3 - b - R(load resistor) -
a-54-\Vs.
» Voltage across the load resistor is negative Vs. (Vo = -Vs)
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Switching States of single phase full bridge inverter

Switch States for a Single-Phase Full-Bridge Voltage-Source Inverter

State  Switch
State No. State v, Vo v,  Components Conducting

Sjand S are onand §; and S; are off | 0 V2 V2 Vs Syand $if1, > 0
D| and Dg ifi, <0

n -V Vo -V Dy and Dsif i, > 0
54 and S_; j““ <

§jand Sy are on and §y and S are off 3 L W ¥R 0 §yand Dsifr, > 0
Dy and §;ifi, <0

S;and Syareonand §; and S;areoff 4 0 -2 -2 0 Dyand §,ifi, > 0
54 and Dg_ ik, <0

51,55, 5, and §, are all off 5 off V2 V{2 -V Dyand Drifi, > 0
7V Dyand D, ifi, <0

2

§,and Sy are on and §; and §, are off




With the neat circuit diagram and wavefor ms, Explain the 180° mode of operation
for three phase inverter. Give the expression for line and phase voltages for one

cycle.

Three Phase Bridge Inverters

* A three-phase output can be obtained from a configuration of six
transistors and six diodes.

* Two types of control signals can be applied to the transistors:

* 180° conduction or 120° conduction.

* The 180° conduction has better utilization of the switches and is
the preferred method.

* This circuit topology is often known as a three-phase bridge inverter
and is used in many applications, including renewable energy
systems.

* The rectifier converts the ac voltage of the wind generator to a dc
voltage and the voltage source inverter (VSI) converts the dc voltage
into three-phase ac voltages to match with ac grid voltage and
frequency.

Gate Pulse and Line Voltages for 180° Conduction

Thus, the resulting ac

] — 1
0 . g “ output line voltages
"o I:w--.‘ —— ', ~ I wt arctp .
“op— l.g,,..-_w | ' i ¢ Vs, 0, and -Vs
of | TP | ——_ .
O L L Vab-0106 +Vs
== ' : . !, &Q0304 -Vs

,- & 0506 -Vs

— ' | R S “  Vbe-0302 +Vs

Vea-Q504 +Vs
& 0102 -Vs

(b) Waveforms for 180° conduction




Phase Voltages for 180° Conduction

y, 3

rdﬂ

o “""« Phase voltages are
step wave with step

height Vs/3
_I, » o °Line Voltages are
In quasi square wave
with voltages Vs, 0, -Vs
In
' > wl

(b) Phase voltages for 180° conduction

Switching States for Three Phase bridge Inverter 180° mode

TABLE Switch States for Three-Phase Voltage-Source Inverter

State State No. Switch States v, Uhe Vey

S6. 51.and S5 are on 1 101 Vs -V 0
and S;, §4. and S are off

51.5,.and S are on 2 100 Vs 0 -V
and S;, Ss. and 5, are off

S5, 5;5.and §; are on 3 110 0 Vs -V,
and Ss, Si. and S, are off

S5, 54.and §; are on 4 010 - Vs Vs 0
and S, S;. and S5 are off

S4. S5.and S; are on 5 011 -V 0 Vs
and 8. S,. and §; are off

S5, Sg. and S; are on 6 001 0 -Vs Vs
and S, 55, and §, are off

S:. 5;.and S5 are on 7 111 0 0 0
and Sy, Ss. and S, are off

84 S4.and S, are on 8 000 0 0 0

and §;, §;. and S5 are off




Mode 1; From O to 60;

Durfng mode 1 for 0 = wt < /3, transistors Q). Os, and Q4 conduct

R 3R
R, =R+ —=—
- 2 2 i R
v, 2, i W
R ' y .
a v AW
R V, - R
Van = Uy = = e Tx T o AAN-
2 Mode 1
_ :
Vpn _'IR == 3

Mode 2; From 60 to 120;

During mode 2 for 7/3 < wt < 27/3, transistors Qy, @, and Qg conduct

Ro=R+ E = o
4 2 2
g oc Vi _ 2
"R, 3R
o2V
U = bR = T
R -V,
U=V =""0 =%

Mode 3; From 120 to 180;

During mode 3 for 2w/3 = ot < m, transistors Qy, Q,, and Q; conduct

PO
- 272 .
2 o VvV
iy i ‘/S - ZP; ,"‘ h R
I3 = ch 3R :E:,_ . AN N n
. 5 . R
————
UI‘JH — vb" == 2 == 3 Ml)dl.‘ 3




RMS output Voltage (Line — Line) & Phase

The line-to-line rms voltage can be found from

2 [ 2 4 - 2 ).8165
Vv, = V2d(wt - V, = 0.8165V,
R S

V; = 0.8165V,

The rms value of line-to-neutral voltages can be found from the line voltage.

V. V2V, _
e i 0.4714V,

V, = 04714V,

RMS Value of Fundamental Line Voltage & Phase Voltage

From v, Eq , the rms nth component of the line voltage is

V, —_——
- 2nt 3

which, for n = 1, gives the rms fundamental line voltage.

Vi = S0 _ 09y,
Ll \/217 . 5
VL1 0.7797V;
Vple — = —0 40
Vi V3
Vol = 045Vs

A single-phase full bridge inverter has aresistive load of 4Q and dc input voltage is Vs
=24V. Determine
1. RMS output voltage at fundamental frequency

2. Output power

3. Average and peak current of each transistor

4. Peak reverse blocking voltage of each transistor
5. THD, DF, HF and DF of LOH
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Explain the voltage control of single-phase inverter using 1) multiple pulse width

modulation 2) sinusoidal pulse width modulation

Features of Multi pulse width modulation

* The order of harmonics is the same as that of single-pulse
modulation.

* The distortion factor is reduced significantly compared with that of
single-pulse modulation.

* However, due to larger number of switching on and off processes of
power transistors, the switching losses would increase.

* With larger values of p, the amplitudes of LOH would be lower, but
the amplitudes of some higher order harmonics would increase.

* However, such higher order harmonics produce negligible ripple or
can easily be filtered out.

Carrier signal

2. Multi Pulse Width
Modulation

Reference \I!Iﬂ.ll

IVVVV

]
(a) Gate signal generation
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(b) Gate signals
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Sinusoidal Pulse Width Modulation

* Since the desired output voltage is a sine wave, a reference sinusoidal signal
is used as the reference signal.

* Instead of maintaining the width of all pulses the same as in the case of
multiple-pulse modulation, the width of each pulse is varied in proportion to
the amplitude of a sine wave evaluated at the center of the same pulse.

* The DF and LOH are reduced significantly.

* The gating signals are generated by comparing a sinusoidal reference signal
with a triangular carrier wave of frequency fc.

* This sinusoidal pulse-width modulation (SPWM) is commonly used in industrial
applications.

* The frequency of reference signal fr determines the inverter output frequency
fo; and its peak amplitude Ar, controls the modulation index M, then controls

RMS output voltage.

Bidirectional Triangular carrier wave

Carrier signal

Sinusoidal Pulse >
Width Modulation .

v'Comparing the bidirectional

carrier signal vcr with two s oL
sinusoidal reference signals 0= . %

v and ~r shown in , L0 0 O oMo,
produces gating signals g1 " A,

and g4, respectively. © nﬂﬂl—lnﬂ
1 1] I

Reference
7 signal

v Unidirectional triangular
wave if preferred

(d) 7
Output Voltage Vo= Vs (gl-g4) ' HW {
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With the neat circuit diagram and waveforms, Explain the operation of current
sourceinverter.

Current Source Inverter

* InVSI, the inverters are fed from a voltage source and the load current is forced
to fluctuate from positive to negative, and vice versa.

* To cope with inductive loads, the power switches with freewheeling diodes are
required

* Ina current-source inverter (CSI), the input behaves as a current source.

* The output current is maintained constant irrespective of load on the inverter and
the output voltage is forced to change.

Current Source Inverter (CSI) - Single Phase

Load

o B
Variable dc voltage

_____________________




Gate Pulse & Output Current Waveform

: i (b) (.i:nc sign;?ls : E af
Current Source Inverter

* Because there must be a continuous current flow from
must always conduct—one from the upper and one from

* The conduction sequence is 12, 23, 34, and 41.
* The switch states are shown in Table 6.6.

the source, two switches
the lower switches.

TABLE Switch States for a Full-Bridge Single-Phase Current-Source Inverter (CSI)

Switch State
State State No. 51558 A Components Conducting
§; and §; are on and 5, and §; are off | 1100 I Sand §, D and D,
S;and 5, are on and §; and 5, are off 2 0011 -1, S;and 5;D;and D
§1 and 5; are on and S and 5; are ofl 3 1001 0 Siand 5; D) and Dy
Syand §; are on and §, and §, are off i 0110 0 Syand §; Dyand D,




