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Module-5

DC-DC Converters: Introduction, principle of step down a chopper with R and RL load;

the principle of step up chopper with R load, Control strategies, performance parameters,
DC-DC converter classification.

DC-AC Converters: Introduction, principle of operation single phase bridge inverters,
performance parameters, three-phase bridge inverters, voltage control of single phase
inverters, Harmonic reductions, Current source inverters
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Introduction:

The DC choppers convert the input DC voltage into
fixed or variable DC output. The chopper has fixed

or variable DC input, Vs. And the output Vo is also s o

fixed or variable. Hence DC chopper is also called |, +| De v | 1 Loag
5 _T chopper o

as dc to dc converter. The output Vo can be greater ) " -

or less than the input. Hence the choppers can be
step-down or step-up type. Choppers are used in dc
traction drives, trolley cars, marine lifts etc. The dc
choppers use switching principle. Hence they have
high efficiency. The dynamic response of choppers
is fast due to switching nature of the devices

Basic inputs/outputs of DC chopper

Department of Electrical and Electronics Engineering ~ //28/2025
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Principle of Step-down Operation:

SW J+
Vo= o gR g R
Base l

l drive

(b) Step - down chopper

{a) Basic step down chopper
with transistor as a switch
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(@)
Base drnive
—of transistor - - -
(switch) 0 5T T T+8T wt
il Tﬂn g ——— Tﬂﬂ- L
VS
L Output (b) |
voltage -
- Vg 5T T it
A
Qutput R (C)
cur_rent -
lg aT I ot
J [ | |
Fig. 2 Waveforms of the step-down chopper with resistive load
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Chopper Control Techniques: These are also called as Ton T g
. . . constant | |
Time Ratio Control (TRC) techniques. T, &Tnf{ |
. are varied |
Constant frequency operation 1 e |
g Y /cor?;tant , (c)
2. Variable frequency operation w3 .
o g“ [ Ton S~ T s varied t
3. Current limit control 2 -
3 |V _ (d)
T -
on T T is varied t { t
"ul'nj
i_(max) 1 1 I
.4;- | Chopper Chopper :t
— E 5 _—, on \ / off
E £
o -
- - - t
Ton Tu-ﬁ

Fig.

) 3 Chopper control schemes
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@) To obtain Y-

(ii) To obtain Vi, m.5)

The average value is given as,
The r.m.s. value of output is given as,

T
1
Vo(m;) = 7 I v, (t) dt
0 1

T

1 i 3
Va(?.m.s.) =T _[ vs (f) dt
0

In the output voltage waveform of Fig. 6.2.2 observe that v, =V; from 0 to 8T, rest
We know from Fig. 6.2.2 that v, =V, from 0 to 8T (i.e. when the transistor switch

of the time v, is zero. Hence above equation can be written as,

1 ST Vv 8T v
Vo(.w) = T [ Vs dt = T _[ dt = T 8T is on). Hence above equation becomes,
0 0 1 1 |
8T 1z 8T |2 5
1% . V2 [vz _ 2
V) = 8V gy = (1 {0 0 | Tl <[ om
0 J 0
Here 5=T9’i is called the duty cycle of the chopper. The value of duty cycle lies = 1y
Va{r.m.s.} = No Vs

T

between 0 < § £ 1.
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Output power

The load power can be calculated as, Io(av) Io(av) (iii) Effective input resistance
; o—s=—1 Chopper -
B 02 PP Fig. shows that the average current
Py = TJR dt ‘ : flowing from the input is basically output
0 o average current, i.e. I,.,. The input voltage
8T (Vs =V )2 Vs a is supply voltage V.. Hence effective input
o = l d resistance will be,
T R Rin
o Rl — VS
y 2 5T ; e i - v
1 (Va=Va)*? ld Fig Effective input resistance ofav)
= - il
T R J. ) Vo(uaj ) .
0 Putting for = I,y = xn above equation,
Vs —Va)?
— ;‘( o RC’Z) 8'1‘ Rm — I‘{’- :1{ VS
Vo(a) — Vo(w)
(Vs -Var)® R
R Vo(ao
§ Since 0 = A2 }, above equation becomes,

Vs
If the chopper is lossless, then V = 0 and output power will be,

A2
o _ OV
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Step-down Chopper with RL Load:

5~~~ T T , T i
Iy

? Fw ] i
Drive L i L

Ve Vo Ve = D
] Dew R R FW R
_‘, E '|' E E

_\
Equivalent circuit - | Equivalent circuit - Il
Fig. Step-down chopper with RL load
Mode-1 Mode-2

Continuous and Discontinuous current in DC chupped
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T T T 1
Drive of the
switch ig ST 1| T m't'
=I—-—Tﬂn~—----—-— Tnﬂ: i
VE
Cutput voltage N
Vo 8 1 | T ! (i
| | |
‘ ma | LA Edns | A7
Output current min -
In 0 ar | | [ (i
Continngus Load Current
IF'I'IEK
Dutputi current | L~ ' L . ~ ~
0 |1y (ol
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Principle of Step-up Operation: I
| Drive of the ' |
switch ig | 0 5T LT L] T+8T [, S Lt
i L A r?..L : | - . .
——— Tl {
) e vu:-[a'.l]
IT1 1
Voltage across the | 4 |
VEE_— T, C = - transistor -
11'#3 1 I:l ET " T q t 3 | 1.I.|‘t
B . ! | ! . !
MK | ____._..-""'"-n.__'h-_ _..-"""
Fig. Step-up chn?tper having transistor Current through 1 L~ | | T | e~ |
as a sw ‘:'h | induc‘tﬂl | — -
i_ ar iS | aT 1 T | 1 T + i
vu:-[a'.l]
Cutput veltage
Ve Lt
l-:-[a'..':l
HE Cutput current | N
: =
o__ iy |
I I '
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1 T
Vi = j v (t) dt
0
dig

The inductance voltage is vp (t) =L —d-f— Hence above equation will be,

Vi

diz (1) ()

At t=0 (lower limit), i1 ()= [min

and at t =T (upper limit), 1y (f) = I'min
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L ‘myn L

) : : . 70 )imin
Vi = = | dip(t) = - I-I (1) i
Imin
E
- llm-n > Imu‘.]‘() (2)

Thus the average voltage across the inductance is zero. The inductance stores the
energy when the switch is ‘'ON" and supplies the energy to the load when the switch

is ‘OFF
L
Lolld A
- VL -
V, e >l o
B
Fig. Loop formed by supply, inductance and switch in step-up chopper
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~ -~

1 I
Vap = = i v4B (f) 4t

In Fig. observe that vap =V, (av) from 3T to T and rest of the period it is
zero. Hence above equation becomes,
v LT vy dt = 2 (757
AB = T I o(ap) 4+ = T (T - )
ST
‘;O(IIU) (l = 8) (3)

Bv KVL to the loop shown in Fig.
Vi = VL +Vap

The above equation holds for steady state. Putting values from equation 2 and
3 in above equation,

Vs = 04V, (a) (1-9)

7 = 'S
o(40) = 15 ~(4)
This equation gives the value of average output voltage. When =0, V, av) = Vs

and V.u,(m,) — eo as § approaches to unity. The value of duty cycle 'S lies between 0
and 1.
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DC-DC Converter Classification:

There are broadly following types of choppers :
1. Class A chopper

2. Class B chopper

3. Class C chopper

4. Class D chopper

5. Class E chopper

7/28/2025 Department of Electrical and Electronics Engineering
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Class A Chopper:
i i -
— ? - o e Thyristor
lo
- L o~ gate pulse
Drive
Vo Vo >,
7] IZ}IP.,\;ZS R | | | | | > 1
o A ! ! ! ! !
E ! ! ! ! ' Qutput current
| |

| /\/
Fig. Step-down chopper with RL load M

| | |
| | |
~CHON | | o :
Vot Forward motoring : '\": : : : > t
ar I ! I I
Rectifying operation Vo AN : FWD Conducts ! !
! I
_- ! : ! ! : : ‘Sutput voltage
| > !
]
<— oy —
Fig. Class A chopper operates e T >

in the first quadrant
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Class B Chopper: 1, A :
PP g Thyristor
gate pulse
i L A E;r
Ty I | | | > t
. Iy 4 torr o ) : :
Ve T, C— ; I ! I
- | | I |
1 | 1
<€ T > ! :
: . . >
B 1 1 I 1 -
Fig. Step-up chopper having transistor : : : : Output current
as a switch ]_l ____________ I I /
nax ! 1 1 1
- . : : :
1V min lg D >€—> | .
conducts: Chopper, : :
A ' conductg ! '
F rd tion o Vulav) ! !
orwa rﬁgenﬂfa'f’” R Vo ! ! ! ! Output Voltage
Inverting operation |- %
= 10
> 1
“ig. Class B chopper operates

in the second guadrant
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Fig.
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Class C chopper

Fig.

Forward regeneration Vg
or Inverting operation

mi = W eurRorE

i

_Tni::av:. 0

Gate pulse
of CH,
> 1
. I | I I
1, ! . | |
2 ! : ! ! Gate pulse
I | I I
| i | | »~ of CH,
i | i i
1 I 1 1
1 | 1 1 > t
1 | 1 1
I | I I
1 1 1 1
1 . 1 1
: . : \ Output current
l ! l l
1 1 1
. : > t
Forward motoring ! |
ar . 1
Rectifying operation I '
Vglav) —)E -
! |
|
1
‘_ | | Output voltage
T,(av) i
Class C chopper operates in two quadrants ¢
>
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Equivalent circuit Quadrant Description
' I Tz conducts i; is negative. Ep
supplies ena to the
W | T; conducts and energy flows = . ) In dpup ctance vrg!f; vero
_ from source to load. ve and iq Forward regenerative braking & Vo :
"[ ™ Forward motoring or rectifying 8re positive.
(a)
oy
| D4 conducts inductance
D= conducts i is posiive and  v,= :
: ._,f s Zero. Fr;awhpailing takes EUP.FIIIEE snergy to 'h? SOUrEE
_ . place. Inductance supplies g. Forward regenerative braking Ve IS FUElWﬂ' and iy is
D E, Forward motoring or rectiying  energy to the load. T : or inverting negative.

Y
L)

(b} {a]
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Class D Chopper: Loy Gate pulse
N of CH,
b . > t
. i, L R F 1, :
Ve r 2T —ANN—] | ez . Gate pulse
N »~ of CH,
D, T,
>t
. 1 1 1
Fig. Class D chopper 1y A : : E

Output current

1 1 1
1 1 1
1 1 1
Quadrant - 1 1 1 :
Forward motoring : : 4 .
or
Rectifying operation :éﬁ: : : : 5 t
CH,,CH,, \ : : i
! *D1,D2 Conducting .
1
. —ON o o :
olav) 1+] VO 1 : 1 : : 1
Quadrant - Il 1 : : : ! '/OUtPUt Vo tage
) Reverse regeneration v ! ! .
“Yofav ar *
Inverting operation. 00 0ZkF-—-—==—-—--—F - === - _—— - _———Y_ __
Fig. Class D chopper operates in | and IV quadrants Average VO S t
)

7/28/2025 Department of Electrical and Electronics Engineering



ATM E

College of Engineering

mi = W eurRorE

Equivalent circuit Quadrant Description

I 1, Tz conduct power flows

iy : fro to the load
Rectifying or forward motoring m source to the loa

v iz is maintained in the same
direction by inductance voltage
d i _
Inverting or reverse L ?a. Diedes [ and Dz are

regenerative braking forward blased and conduct.

Table Operation of class D chopper

7/28/2025 Department of Electrical and Electronics Engineering
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Class E Chopper: el Gate pulse
«~ of CH,
. | | | | | ) t
2 | i i i | Gate pulse
T\ D, »~ of CH,
+ i L R
Ve — > t
- e — . | I I : :
o T D a ‘o A i i i i i
42?‘ ) , ! , ! , /Output current
Fig. Circuit diagram of four quadrant chopper CHIE i i l i
2! ! ! ! ! > t
fe—1c >i | : |
DDy e o
Vo A i i i i i % Output voltage
\Y
¢ ~ t
Average v,
I I B I 3=
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Equivalent circuit Quadrant Description

' T, and T> conduets load

consumes the power from

Forward metoring or the source

rectifying

Ty tumed off but T

conducts Hence current

io flows through Tz and

- Dys. Load inductor
Forward maotoring induces voltage as shown

Dy T2 freewhesling action takes

place.

di I

Tz is wrned off. Hence

i _%5 v inductance forces current

o Dq through D3 and Dy4. This
v Inverting operation i, current flows through

positive v, negative. supply. load energy is fed

Dy to the supply.

7/28/2025 Department of Electrical and Electronics Engineering
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L]

atme

On fo the leading edge.
www.atme.in

= = []
T3
L RE Rectifying operation motor
T rotates in opposite
T direction
]
di
+ gt _ Freewheealing operation
_ motor rotates in the same
4 Ds direction.

7/28/2025

To reverse the direction
of rotation of the motor,

Ta and Ty are turned on.

Vg and i, both are
negative. E is shown
negative since motor
rotates in opposite
direction.

T3 is turned off, but T
remains on. To maintain
the current in the sames
direction inductance
genarates voltage and i
flows in same direction
through 02 and T4. This
is freewheealing action.

Y

Y

Rectifying operation motor
rotates in opposite
diraction

Freewheeling operation
motor rotates in the same
direction.

Department of Electrical and Electronics Engineering
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Ta reverse the direction
of rotation of the motor,
Ta and Ty are turned on.
Vg and i, both are
negative. E is shown
negative since motor
rotates in opposite
direction.

Tz is turned off, but T
remains on. To maintain
the current in the same
direction inductance
genarates voltage and i
flows in same direction
through O and Ts. This
is freewheeling action.



Four Quadrant Operation
\%
N

CH, - D, Conducts | CH, - CH, ON

D, - D, Conducts | CH, - D, Conducts

CH; - CH, ON | D, - D, Conducts
CH, - D, Conducts | CH, - D, Conducts

7/28/2025 Department of Electrical and Electronics Engineering
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Single Phase Bridge Inverter with R Load:

Ty ZAD D /\ T,

+ |

Vg — = Load

s —

Ty ED# DEE Ts

Fig. Single phase bridge inverter
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Equivalent Clrowilt - I )
Cuiput
L
.
y - —_—
B
Cutput
&t -
Equivalant Ciréult - 1T | . . . R
gt T, 7. siptagy T, T, ietagpee T, T, e T, T, i
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Single Phase Bridge Inverter with RL Load:

Ty LA DSJS T
Vs = -'l'n m
—_ P £
lll'lr-:I
Ty LADy Cs
Fig. 14 bridge inverter having inductive load
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L Dy Drive of ] -
G R L TyandT 5 T
Vs = =000 1 oS -
- Ldio
2 g | | |
Dy ' =
- - Drive of
T,andT
T o ‘g3 . 182 3
Fig. 7.4.5 Ty and T2 conduct from 1 to - T i 1
Fig. 7.4.6 D3 and D4 conduct from 2 to t;
Cutput
wisge : T
A -

A,

| P
Output /\ T /\
cument 0

Vs% Vg /t. I _::\/[_: \/
e 0, T, O, T, D, T,
*j:uu--i—-T:-—-_l—-D‘-—--n——“—b--l—B:-—--‘aT:-b- { {
Fig. 7.4.7 Tz and T4 conduct from f2 to T Fig. 7.4.8 D4 and D7 conduct from 0 to ¢4 i.e. from T to 13
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Three Phase Inverters:

3y
<
N
e
L/ N
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180° Conduction Type 3 ¢ Inverter

(180 degree mode
of operation)

1360
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Interval Conducting Equivalent circuit Line voltage Phase voltage,
transistors Vry Ven
I 561 Ve ¥ -V _¥%
3 1 234 3
¥ B
1] 612 Ve 2V
3 2%
% 145 Ve — — L 3
M
R
Wl 456 0 VG
3

R i

Table 7.5.1 Analysis of 3 ¢ inverter (180° conduction)
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Fig. 7.5.3 Waveforms of 180° mode inverter
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o 2 2
- 3
A . B ' ' | '
s St 3
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D —
[V 'Zlci _I_I_ —TT T e I R T S —a—t
12 | |
] | | |
Phasa I
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' 60 1120
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1240 1300 3¢
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120° Conduction Type 3 ¢ Inverter

Ty
+ R
VM, —
To §
.
v —> T Vs N[W\—B
A
R
(a)

10 (60 1120 180 240 300 :360 :60 :120 180 240 :300 :360

T {1 V2O VA V7 O T 1 "2 S VAR O/
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Interval Conducting Equivalent circuit Line voltage Phase
transistors Viey voltage Vigy
ﬁﬂ
W W
V. — NT_A;WV_qg W 4 5 _¥s ¥z
| 6 1 - Vs Vs 2 2
j 2
R
W, — M ¥
I 1 2 E Vz VI 5 & Ve 0
2 2 ]
1,
hT
W, — M w—oR
[ 2 3 % 0
= 2
I
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B —1 e 0 160 120 180 240 300 :360 :60 120 :180 :240 :300 :360
<|—| | 1 — EHP i mivivivelr i imiviviw

—1a]

. .
Basy drives

e (O Ty [FE)

Conducting | Ll g1 12} 23134} 451 56181112} 2313445t 56181112

;
J
i

] . 2| 1 0o |-1

o) f;uil;: T_— I - 3 I I . ] - L EVS _VS

i) i‘t'us“: q | ' 1 | l——. _ZVS

Vs

Phase . | - I | I—_I . 5 "—_1 VS 0

{o]-| vz
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Voltage Control of Single Phase Inverters

Base drive T
of Ty, To | i

L ]

Basze drive T

b2 L

|
[ B
Lo |

Output V 2
voltage | ©
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Single Pulse Modulation (SM)

,{f\;\/ /ji\ \\/./ q
THEH ZARERN .

voltage | ’
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voltage

Multiple Pulse Width Modulation Technique: [t — -
fﬂ\ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ .
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Sinusoidal PWM (SPWM)

----- -
I I
-4 |- -k -
Triang 1 I I Ik
R an ] 1 I ) 1 T 1 1 I
wave Companso L [ L [ 1
[ (Rl (. (Rl 1
an I I I I I I ] I [ 1 1
1 [ [N 1 [ [ 1 1
T T T T T T T T T T
I | 1 | 1 1 1 I | I | I I
I (B I 1 1 I I [ 1 1
e ——1-8 4 } | 3 —b ——4 § M
(| (IR I 1 1 | 1 I [ 1 1
| 10 T 1 (. T | 1
Sinusa
N i)
[ =i
campanso
Diriwe ol
Iranssiars
T, and T
Diriv o l
Iransisial
T, - L
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Modified Sinusoidal PWM (MSPWM)
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Phase Displacement Control

Output of
inverter —1

"".'_h i il t

ral = |

(a)

Output of T |2 ()
inverter -2 -
.

= e—

Final cutput 1 V. | ic)
Vp = Vi — ¥z =t
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Harmonic Elimination by Transformer Connections

l"I-‘{:I-I .
i
vf'z
—_ i
3
+ o—
Tnverter
_ O 1
4
o] v 3 2
Tnverter | — i
2 3
— O
{a} Transformer connection {b) Waveforms
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1 phase Transistorised Current Source Inverter

: L
| — T :
! I
| ! Drive !
1 1 of T E| —
: I
i i
1 1 T
] | ¢
| [ Drive '
: ! of T, B -
1 |
| I
: i
v, 7 | _ .
| I Dirive &
| [ of T, s -
I l
I i
: |

I L
| ! Drive
| | of T, By -
1
! | | | .
| ! e 41 e 1.2 g 23 g 4 e 41 | 1,20
1 ;
P |

- -
Consfant current I
snlrrs
Qlutpus
‘EIJT.I'EHE
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Thyristorized Current Source Inverter (Capacitor Commutated
Current Source Inverter)

m
g |
1
L R R R

Constant current
source
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