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Module - 03
Chapter - 13
Lecture - 33
Improved Power Quality Converters - AC-DC Buck-Boost Converters

Welcome to the course on Power Quality. Today, we will cover Improved Power Quality
Converters: AC DC Buck Boost Converter.
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OUTLINE

Introduction

Classification of Buck-Boost IPQC’s

Principle of Operation and Control of Buck-Boost IPQC’s
* Analysis and Design of Buck-Boost IPQC’s

+ Modeling, Simulation and Performance of Buck-Boost IPQC’s

Numerical Examples

+ Summary

g + References

These will be the outlines of this lecture.
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OBJECTIVES

¢ Requirements and Applications

« Configurations of Buck-Boost IPQC’s

» Control of Buck-Boost IPQC’s

¢ Analysis and Design of Buck-Boost IPQC'’s

¢ Method of Modeling and Control of Buck-Boost
IPQC’s
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Introduction
» Buck-Boost IPQC’s
v Wide input and output voltage range operating capability

v High power factor at supply side

v Natural protection against inrush current

v High performance characteristics during startup and overload
condition.

v Less Electromagnetic Interference (EMI)

v Easy implementation of transformer isolation

v Better input/output current ripple characteristics

v Efficient operation

v' Wide range of applications from few watts (W) to kW
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Applications
Electric Vehicle Battery Chargers

{?‘ Two Wheelers
(Refer Slide Time: 02:23)
Applications

6

NPTEL

Electric Drives Systems
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Applications

Lighting Systems
i '.J
v
LED bulb Street Light Hi bay Light
’J
. ]
i T8 LED Tube
Lumir;;ires E Flood Light
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Applications

Telecom Power Supply
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Applications

Home Inverter

;;; Uninterruptible Power
N\I;TEL Supply (UPS)
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Applications

Computer Power Supply Welding Machine
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Applications

Wireless Power Transfer

More Electric Aircraft

Traction Systems

Home Appliances like Air Conditioners, LCD Display,
Washing machines etc.

High Voltage DC Transmission

Many more....
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Classification of Buck-Boost IPQC

* Supply Based Classification :

Buck-Boost Type Improved Power Quality

Converters
Single Phase Three phase
»Unidirectional — Unidirectional
— Bi-directional __.Bi-directional
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Classification of Buck-Boost IPQC

= Structure Based Classification:

Buck-Boost Type Improved Power Quality
Converters

Non- Isolated " Isolated

-Bridge Type Structure | —Bridge Type Structure

. {—Semi bridgeless —»Semi bridgeless

{x
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—Fully Bridgeless — Fully Bridgeless

(Refer Slide Time: 05:04)

Classification of Buck-Boost IPQC
* Topology Based

v Conventional Buck-Boost Converter
v Cuk Derived Buck-Boost Converter
v SEPIC Derived Buck-Boost Converter
v Zeta Derived Buck-Boost Converter
v' CSC Derived Buck-Boost Converter
= Design and Control Based
v Buck-Boost IPQC’s with CCM Control
) v Buck-Boost IPQC’s with DCM Control
% v Buck-Boost IPQC’s with Critical Conduction Mode
e (CrCM) Control

These are the classifications of buck-boost type improved power quality converters.
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Single Phase Buck-Boost IPQC

\
Single-Phase Cascaded UmdiWﬂ Converter.
Pe » -

4
5

Single Device Single-Phase Unidiresti

ck-Boost Converter
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Single Phase Buck-Boost IPQC

Flher DBR

SEPIC-Derived Single-Phase Unidirectional Buck- Boost Converter.

Filter DBR

\PF(‘ §k (‘;m eser-

Cuk-Derived Single-Phase Unidirectional Buck-Boost Converter
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Single Phase Buck-Boost IPQC

Flter DBR PFC CSC Converter

et T 1
e ] o =
oA ‘xx Sy of -
w"] . _?_T: . a.__.
l ] s
i | \ 'l‘(‘ -

CSC-Derived Single-Phase Unidirectional Buck-Boost Converter.

Filter DBR

oo

o

PRC Zeta Converter 25

fi—y— el

L L ‘ ol & {

. !

¢ A Vee| :L‘
- ¢ +
() | == - LE K o= [0 —
Y‘ T T |al

[ Jfe 1118

]

Zeta-Derived Single-Phase Unidirectional Buck-Booﬁ{Converter
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Single Phase Buck-Boost IPQC

Single Phase Bidirectional Buck-Boost Converter
e
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Analysis of Single-Phase Buck-Boost
Converter

N
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Coming to like analysis of these single phase buck boost converters.

(Refer Slide Time: 13:14)

Step-Down/Step-Up (Buck-Boost) Converter

+ The output voltage can be higher or lower than the input

voltage.

Used in regulated dc power supplies where a negative
polarity output may be desired with respect to the common

terminal of the input voltage.

+ The output to input voltage conversion ratio

Filir  DBR uckoost Converter
ﬁ—“D 1 e,
V, 1D e | LS

Cr

i
#~ |* This allows V; to be higheror )
9 lower than V; F
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Buck-Boost Converter: Continuous Current
Conduction Mode

PFC Buck-Boost Converter

* When the switch is ON:

Diode is reversed biased
output circuit is thus
isolated inductor_is
charged

Tdy Y

dt L
+ When the switch is OFF:

The output stage received
energy from the inductor

. Mg X i’
£ di, Vi / I /b

dEh B/

d
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Buck-Boost Converter: Continuous Current
Conduction Mode

+ Inductor current i, flows continuously
+ Average inductor voltage over a time period must be zero

V,DT, +(-%,)1-D)T,=0 =~ =
T E T
vV, 1-D
Assuming a lossless circuit : "
V5V, ]
and N
'Iu,: ﬂ/ L_,yg_‘.;.q;g-.l

{0 | Depending on the duty ratio, the output voltage can be either
Y higher or lower than the input :

NPTEL
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+ Considering % current ripples the minimum inductor (L,

for continuous current Conduction can be calculated as

o DYy /

imin :l f

> 'in s

Where, D is the ON duty ratio of the switch, and f; is the

switching frequency of the converter.

+ Considering the slow varying voltage ripples at the output

side, the DC link capacitor is selected as,

Idc o Pas‘vdc

) 20Av,, ; 200V,
o=

d

wire | Where, d is the voltage ripples across DC link capacitor (Cy).

(Refer Slide Time: 17:09)

Single Phase Buck-Boost
AC-DC Converters with High Frequency
Transformer Isolation

Coming to now the single phase buck boost AC DC converters with high frequency

transformer isolation.
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Single-Phase Buck Boost Flyback AC-DC
Converter with Current Multiplier Control

L HF Isolation
el
i =P
-> y | i
; ie L
C{:: L L] o
v A
: D
LEY TN
N 2

-'I\ E v
IDC Vref

IPWM Pulse Generatorl -~
A —
o = Voltage”
o -)I Ref. Current Generator |(-/— Gontroller
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Single-Phase Buck-Boost Cuk
AC-DC Converter with voltage follower control

/
5

S
]
1

s
-

HF Isolation v,

v
o~ PWM Pulse " Voltage )\ Vet /
:';9 Generator [ | Controller
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Single-Phase Buck-Boost SEPIC AC-DC

Converter with volta

A

follower control

PWM Pulse Voltage 2\ Vet /
Generator Controller

(Refer Slide Time: 22:57)
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Single-Phase Buck-Boost Zeta
AC-DC Converter with voltage follower control

A

HF ISQ}‘E&Q% Vo
) 4

PWM Pulse
Generator

Voltage - V”f/
-| Controllér




(Refer Slide Time: 23:35)

Design Equations of Isolated Buck-Boost
PFC Topologies in CCM and DCM

Flyback Converter

V=V {DI(1-D)} (N/N,)

Ly = Vo D/ Al) (CCM)

Lncrtca = {Ve(NlNy)- VCJDRIZEY,, (DCM) ——

Cuk Converter

/

V, =D (N/Ny) V. (1-D)

L, =: V,n DI (f; Aiu) (ccm

L=V, (1-D) / (fAi )

C, =V, (NN, P DPRRI(1-D) AV }

C, = V.DARE, AVey)

Lisees = Ry (1-DF/ {2D1(N,/N; '} (DCM)

SEPIC Converter

V, = Vi (NN)D/(1-D)

L=V, D/(f.Ai) (CCM) _—

L=V, (1-D)/ (nf. Aiy)

G, = (NN, )V, DIRE, AVe:,)

Lncisca = R (1-DY (201NN, '} (DCM)

Zeta Converter &

V, = (NJN,) V,, DI(1-D)

Ly = Vi, DIf i)

L, =V, (1-D/ (£ Ai,) (CCM)

C,=V, DIRE, AVey)

Lncisca = R (1D {2D1(NN, Y} (DCM)

DC Link Capacitor for all Converters

Col,J2whV,).”
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Power Quality Parameters of Isolated Buck-

Boost PFC Topologies in CCM

—_

“(at48V DC 100 W Load)

[SN.[PFC
Converter

Topology

THD | DF
(% of 1)

DPF | PF | CF

AV,
V)

Design values of
components and control

parameters

1 |Fiyoack | 366 40999

0.999

0.998153| 0.15

CAonF L=3TmH, -+
C,=24mF. K =0.2985,
K=5.985

2 |Cuk 452

e

0.999

1.000

0.9991.56| 0.15

L=27mH, C,=87F,
L=037mH, C,-870F, ,
C,=24mF, K.=0.3985,
K=3.985

3 |SEPIC 478

2.999

154| 0.15

L=t6mh, C870F,
C,=24mF, K;=0.185,
K=1.85

4 |Zeta 348 | 0999

1.000 0.

0.15

CANF L=33mH,
C,=174nF, L=1.64mH,
C,=24mF, K.=0.485,
K=485 —
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Comparison of Isolated Buck-Boost PFC
Topologies with in CCM
(Vo base=48v1 Io base=2-08A)

S.
N. Switch Current Switch Vo“nz( Transient
Rating (PU) Rating Response of V,
PFC P
= ower | ¢
Density o8
Topology Over | Under
Av | RMS | Peak | Peak | Selected shoot | shoot ||
%) | (%]
| Fiypack |02 | 043 | 127 | 400 | 600 low low | 281 | 281
2
Cuk 0.19| 049 | 144 | 400 | 600 |medium | medium| 220 | 2.50
3
SEPIC 0.19| 043 | 128 | 400 | 600 | medium | medium | 260 | 2.50
4
Zeta 0.19| 043 | 137 | 400 | 600 |medium | medium | 1.95 2.&

(Refer Slide Time: 25:04)
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Power Quality Parameters of Isolated Buck-
Boost PFC Topologies in DCM _

=
(at 48 V DC 100 W Load)
~— T
[SN.[PFC THD | DF | DPF | PF | CF| AV, |Design valuesof
Converter | (¢, of |,) (v) | components and control
Topology parameters
1 Flybagk/ 504 0999/0995(0.994 (146 015 |L,=37mF, C~34nF,
— C,=24mF, K,=0.4985,
K=5985
2 |Cuk 4% [09990997 099142 0.15 |L=52mH C=0224F, _
/ L=154H, C,=22yF
= C,=24mF, K,=0.2985,
K=5.861
3 [SEPIC Vi 491 [0999|0.998 0997 [1.47| 0.15 |[L,=2.1mH, C,=0.22yf,
L,;=120uH, C,=24mF,
K=0.125,K=2.2561
4 |Zeta 481 |0999(0.997|0.99 [143| 015 |C=220nF, C,=10pF,
L,=124H, C,=24nF,
= /] K.=0.1985, K=2.851
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Comparison of Isolated Buck-Boost PFC
Topologies with in DCM
(Vo base=48v1 lo base=2-08A)

—
S. 5 2 .
N, Switch Current | Switch Voltage Transient
Rating (P! Ratii Res fV,
. PFC ng ( L " ponse of V,
Density Under
Topol
PO | pv |RMS | Peak | Peak | Selected S ]
shoot (%)
(%)
g Flyback 022|048 | 142 | 400 | 600 low | low 205 1.87
? Cuk 10.19/0.51 | 1.54 | 400 | 600 low | low 219 25
3 SEPIC 021|058 | 1.61 | 400 600 low low 129 125
i Zeta 021/048| 144 | 400 | 600 low | low 354 479
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Current Waveforms and its THD for Buck-Boost
AC-DC Converter Topologies in CCM

Flyback Topology /
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e
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=308
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)
o

Cuk Topology
e
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el
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g THD=366% 8 THD=4.82%
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5 S
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g8 L5
g0 Lo sosas g0 s
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Harmonic order
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Current Waveforms and its THD for Buck-Boost
AC-DC Converter Topologies in CCM

SEPIC Topology Zeta Topology

AAVEAVAVAY

4
4
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)
o
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o

_ Lnd 2 Time )
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S 0 5 10 15 2 = 0 5 10 16 2
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Current Waveforms and its THD for Buck-Boost
AC-DC Converter Topologies inD/CM_

Flyback Topology Cuk Topology

AAYAY

Iy (A)
=
Iy &)
o
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Current Waveforms and its THD for Buck-Boost
AC-DC Converter Topologies in DCM

SEPIC Topology Zeta Topology
2
1

: N .
'BU\./\\./—\/ 30/\/\/\_/

2 1

048 04 046 04 04 048 038 039 04 041 0482 04

Tine ) Time ()

2 ix
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; : -
e
- o
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Harmonic order
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Analysis and Design of Single-Phase Buck
Boost Flyback AC-DC Converter
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Single-phase Buck-Boost Flyback AC-DC
Converter Control in DCM
.
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Fig. 1(a) 1K\
t ‘B,r.’
v’" Ve
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- o/ J
e Fig. 1(b)
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Single-Phase Buck Boost Flyback AC-DC Converter
Average Current Mode Control in CCM
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Single-Phase Buck Boost Flyback AC-DC

Converter in DCM
The average input current over a switching cycle is given as:
o
iy =§I£kl/)/ (1)

Where |, is the peak of input current (that's switch current) and
D is the duty ratio. From Fig.1b I, is given as:
L

- Sy
pk_L V!r(

Where v, is rectified input v and L, is transformer

magnetizing inductance referred to primary.

From (1) and (2), the input current is as: i, = =

DT
v, (3)

(Refer Slide Time: 28:13)

Equation (3) presents nicely PFC operation in DCM. It is clear
that if duty cycle and switching frequency is kept constant, then
input current is a linear function of input voltage. Eqn. (3) can be
written as:

: v
iy =y sint (4)

where, vip=Vi| snat| (5)
= s
VDT, <
h= 12Lm ©)

The transfer function of the flyback converter in DCM is given
as: e

* Da (7)

Where n is the turn ratio. From Fig. 1b, for DCM operation, the
condition is: Eaw e

D+D, <l (8)
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From Eqns. (7) and (8), for the desired maximum duty ratio at
minimum input voltage, tum ratio can be obtained by satisfying

following inequality as:
b v (@

n>——
(1-D)V,
In order to ensure DCM of operation at maximum load, following
condition must be satisfied

R P

Ls—5—~ (10

4, (; ! V—°)'

Where V., is the peak value of minimum input voltage. R, , is
the minimum value of load resistance and f; is the switching
frequency.
Output capacitor is selected on the basis of maximum peak-to-
peak ripple in output voltage (r,) as:

(Refer Slide Time: 29:23)

Stresses on semiconductor devices in DCM can be given by

—

following equations,

Peak current through switch is given as:

VDI~
g

m

Peak voltage across switch is given as:

vl )
omidsts i
Similarly, peak current through diode is as:

_aVDTL (14)
L.

Lo
and peak voltage across the diode can be given as:

v Ny, (15
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Single-Phase Buck Boost Flyback AC-DC
Converter in CCM

For CCM operation, the transfer function is given as:

v, -  (16)

- (1-0)}

Thus in a similar manner as in DCM, for desirable maximum
duty ratio, the turn ratio is determined. However, magnetizing
inductance of the transformer is defined by satisfying the
following inequality:

Lo Be (1)
G

Referring Fig. 2b, switch current at half of the ripple is given as:
P

omax

Vo (18)

(Refer Slide Time: 30:09)

From Fig 2b, switch peak current for ripple Al is given as:
SN (19)
V

where, a_-YeP=l. o (20)
L

Switch RMS current is given as:

| ) ) A
Lo = \[Dml.l;ﬁyk =AL L ’EM;‘ (21 )

e

Similarly diode current at half of the ripple is given as:

I v @)

max

ol
* (1-Dy)
From Fig 2b, diode peak current for ripple is given as:
. :1:.#% (23)
Where, , 202 i (24)
Diode RMS Current is given as

Lans = \\\"I_Dm )U;a —AL L, +%‘\]u’ /(25)
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Analysis and Design of Single-Phase Buck-
Boost Cuk AC-DC Converter

(Refer Slide Time: 30:35)
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Single-Phase Buck-Boost Cuk AC-DC
Converter in DCM

sawtooth
ramp )
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Inductors voltage and current waveforms
in DCM

5] a R g R @k ooa RGN

Slji}

(i) i (i)

(Refer Slide Time: 31:01)

Single-Phase Buck-Boost Cuk AC-DC

Converter in CCM
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Inductors voltage and current waveforms
inCCM -

u 1 G -

a - AR
e P
,b / T; - /T :
)

(i (i)

.....
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Single-Phase Cuk AC-DC Converter in
DCM Operation

To simplify the analysis, all quantities are referred to the primary
side of the transformer. Volt-secend balance on the inductor
gives following equality: / V)Z d_
N, e

Where v, and v,, are output voltage (referred to primary) and
rectified input voltage respectively. d is the duty ratio and d, is
the off period of switch, during which inductor currents decrease
linearly.
Assuming 100% efficiency for simplification, the current ratio is:

i d

o
Where i; and i,’ are the input inductor current and output
inductor current referred to primary side of the transformer.
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+ First stage of Operation

When switch is on, two inductor currents increase linearly with
the voltage across them equal to input voltage. The equations of
input and output inductor currents for the interval (referring to

Fig. 4()) are given by: @ Vie, -
1 14
AL

Vi
iy ;1 } L»" — (4)

where i is the minimum input induétor current.
+ Second Stage of Operation

When switch s off, inductor currents decrease linearly with
voltage across them equal to output voltage. Referring to Fig.
4(ii) and Fig. 4(iv), inductor currents are given by:

Yoy Vg L
ll_hll—ﬂs—l ©)
S Vy .
i =—L—‘;'t-ﬁdT§—x (6)

i |

(Refer Slide Time: 32:15)
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+ Third stage of Operation

This is the stage when the diode current is zero.

Averaged input and output inductor currents over a switching
period can be given by:

. Vi .
iy 'E‘”s(d“il)“ (7)

SR N -
1y :fg‘dls(d'}-d])—l (8)

Sum of the input and output inductor currents is given by:

- [ d \
i|+i3'~%£lde| I_Fl i (9)
2L, {4

where, oo b (10)
& L1+L2'
‘/_\_/
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By substituting the expression in eqn. (2) in to egn. (9), we get:
A v o, dp)
z‘:]?E'J:ELidT‘,‘IAX"‘d (1)

After simplification it gives:

It can be written as:
(13)
where, (14)
(19)

(Refer Slide Time: 33:03)

Average and peak currents in the

semiconductors and input inductor

Average current (i,,,) and peak current (ig,) of the MOSFET
switch over a switching cycle are as:

e A
Ysway - 'd = [+ (hmax * Tomax ) (16)
L 2
istk = (hmax + lomax) (17)

Where ;5 @nd /5y, @re the maximum value of input inductor
current and output inductor current (referred to primary)
respectively.

Average current (i, ), and peak current (i) of the diode (all
referred to primary) are as:

{2

d-T,
‘GKTSJ #(imax + omax )(1-d) (18)

idpk':alm&‘ +lomax ) /. (19)

Vo

1 dav
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Peak voltage across switch (V) and diode (V) (referred to
primary) is given as:
VS“'pk = Vdpk '= Vinmax + Vo' (20)

L st

The average current (j 4,,) and RMS current (i, ) of input
inductor are as:
2,

e e

2 l max

Wlpms = 1 [ / (22)
A2

(Refer Slide Time: 33:36)

Single-Phase Cuk AC-DC Converter
Design Description in DCM and CCM
Step 1: Conversion ratio
Defining the dc voltage con\/\?rsiop,ratio (M) as,

— O
iy (23)
where, vy =Vy fine] (24)

For wt = 90°, conversion ratio s obtained as the first step of the
design. Here V/ is the peak value of input-voltage.
Step 2: Condition for operation in DCM and CCM
Design must ensure the DCM operation,/for which following
inequality must hold good: .

e AM 1) (25)
Where K, is the conduction parameter and n is the transformer
primary to secon/da_rxt/wn ratio. "‘
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For CCM, following condition must be satisfied to ensure the
continuous conduction mode of operation:

K —
= oty (26)

K. is calculated for minimum value of M which occurs at
minimum output voltage and maximum input voltage in CCM for
given range of specification. S

Step 3: Equivalent inductance (L) which is the parallel
combination ofl__ﬂd L, is given as:

L= KeR? Al (27)
Where R, is the load res@fal\cef 0
Step 4: DutyRato
The duty ratio for the given power (load resistance) in DCM is
obtained by:

4=M{K; (28)

—

(Refer Slide Time: 34:38)

Step 5: L, and L, Design
L, can be obtained by considering thg - specified maximum

current ripple for DCM as:

s . (29)

Where r;is p.u. ripple current.

L,’ can be obtained using expressions for Lyand L, in egns.
(29) and (10) respectively. T e

Similarly, for CCM L, and L, can be obtained by specified
maximum current ripple allowed and eqn. (10).
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Step 6: Design of energy transfer capacitor C,
It has great influence on input current waveform. To avoid input

current oscillations at evalipe half cycle, itis given by:

Cl=g—— (30)
o ([Li+Ly")

where
Resonant frequency (w,) should lie between line frequency (w,)

and switching frequency (wg). —
Step 7: Output Capacitor

Output capacitor is chosen according to specified ripple allowed
in the output voltage. It can be achieved by following formula:

1
Sty (31)

Where r, is the pu ripple in the output voltage and R, is the
minimum load resistance.
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Modelling and Simulation of Single-Phase
Buck Boost Flyback AC-DC Converter
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Specifications

Input Voltage (V) - ZZCMWpIy
Output Voltage (V,) - 110V, P, =4800 W

Output voltage-ripple less tha

Switching frequency fs — g_()ﬂ-lz/

Design parameters for DCM

Transformer tum ratio (n) 1.5:1,

Magnetizing inductance Ly, = S0,uH, L =1 mH, C;=
800 nF, and C, =15 mF. T

X — ———

NPTEL
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Single-Phase Buck Boost Flyback AC-DC
Converter (in DCM)

/ e
,//
— S ey s e |

o B 5358
8

w2000 000 ) 000

Source voltage and current in DCM at 100% load

S Steady state output voltage in DCM at 100% load
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Single-Phase Buck Boost Flyback AC-DC

Source

Converter (in CCM)

A
w1 / J —
owf \ / \ / \ f \ |

28 8 &

o 2000 5000 000 w00
Tene e

voltage and current in CCM at 100% load

Vo fvot)

60000 81000 2000 6000 4000
Tirme (%)

Steady state output voltage in CCM at 100% load
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Comparisons of Buck Boost Flyback AC-DC Converter

Operation in DCM and CCM -

S opesion | Caopmion

Quantity 10% Load | 100% Load | 10% Load | 100% Load
Input Current THD 12% [ (51 | 1% [Cadm
PF 0981 | (0997 | 0989 |oges)
Output Ripple 055% | 173% | 052% | 145% |
Nomaized  |Peak | (251/] (673) | (659 [ [260)
g)‘l‘:)’e"“fsw‘m“ Average | 093 071 054 067
RMS 287 162 135 194
Normalized Peak 145 [ (976) [ 1013 [ (3>
&‘:")’e"”fm"de Average | 113 148 129 116

Rus [ s 286 [ 257 [ 1%

Control Technique

@Itage Mode @3] W

Size of Converter Sl Large
Circuit Simplicity Simple Complex
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Test results of AC mains voltage, AC mains current, output
DC voltage and output DC current waveform of AC-DC
7~ | flyback converter for load perturbation response on equivalent
4 ’9 resistive load (60 to 200W to 60W)
NPTEL —
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Modelling, Simulation and Performance of
Single-Phase Cuk AC-DC Converter

NPTEL

Now, coming to the Cuk converter modelling and simulation performance.
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Specifications

Input Voltage (V) - 160}-/ 270 Viys, 50Hz, Single-
Phase AC Supply —

Output Voltage (V) - 9§/1 32 V adjustable with nominal
value of | )

Output voltage-ripple lesg tha
Switching frequency (fg) - 50 kHz
Design parameters for DCM mode:

L, - 1500.uH, (o 43 WY, C, - 25 UF, C,- 10 uF,

(Refer Slide Time: 38:48)

Single-Phase Buck-Boost Cuk

AC-DC Converter
- Lo /
= /\\ ¥y /"";‘\ / ,\{

Steady state output voltage in DCM at 100% load
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Single-Phase Buck-Boost Cuk AC-DC

e n

am
(=1

T

Converter

Source voltage and current for 100% load in CCM

me

1aas0|

o

fos

Vo ven)

e ras T

_./'

Steady state output voltage in CCM at 100% load
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Comparisons of Cuk Converter Operation in

DCM and CCM at Full Load
Quantity peration | _CCM Operation
Input Current THD 55% /\{ 3%
PF 09981010 — 099750010
Ripple Factor 1.83% 1.67%
Peak Current Through w 60A
Device
Control Technique Voltage Mode Average Current

Control Control

Size of Converter Small Large
Circuit Simplicity Simple Complex
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Performance of AC-DC Cuk Converter for load
perturbation response on equivalent resistive
load (BOW to 200W to 60W)

V,(V) (&)

Ve (V)

L (d) H'- ‘ ' By
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Modelling, Simulation and Performance of
Single-Phase SEPIC AC-DC Converter
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Single-Phase SEPIC AC-DC Converter in
DCM
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Single-Phase SEPIC AC-DC Converter in
CCM

4

(Refer Slide Time: 40:46)

-
{¥

NPTEL

Inductors voltage and current waveforms
in CCM
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Specifications

Input Voltage (V) — 230 Viys, 50Hz, Single-Phase AC
Supply e
Output Voltage (V) - E_O Vv, P},,—J S kW
Output voltage-ripple less than 29
Switching frequency (f;) - 50@2
Design parameters for DCM mode:

Transformer turn ratio (m1:
Ly~ 1200uH, L, c1 ~1uF, and.C, - 30 mF
Pl controller parameters: gain = 0.308, time constant

003 =

(Refer Slide Time: 41:18)
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Performance of Single-Phase SEPIC AC-

DC Converter in DCM
= 0
,.,w.>, : ‘/1

0.00f A A A} #o Ameh, A
-20.00| \

|
00|

-60,00

1300.00 1320.00 1360.00 1380.00

134
Tie (me)

Source voltage and current in DCM at 100% load
. : |

L

|

|

1500.00 1510.00 1520.00 1530.00 1540.00

Steady state output voltage in DCM at 100% load
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Performance of Single-Phase SEPIC AC-
DC Converter in CCM

VSI1OVGRS

9%0.00 22000 240,00 960,00 900,00
Time (ma)

Vo (vom)
vvvvv

Steady state output voltage in CCM at 100% load
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Comparisons of SEPIC Converter Operation in

DCM and CCM
DCM Operation CCM Operation
Quantity 10% Load | 100% Load |10% Load |100%Load

Input Current THD 0% | (&% /[ 3% | asw>
PF 0994 0.997 0998 | 099%
Qutput Ripple 0.22% 1.21% 1.1% 0.1%
Normalized Peak 14.50pu 9.84pu 3.24pu 3.14pu
Current of Switch 5o 0c [ 076pu | 077pu | 071pu | 0.78pu

RMS 460pu 2.18pu 1.50pu 1.3%u
Normalized Peak 15.2pu 10.94pu 317pu 3.15pu
Current of Diode [ 4yco0e [ 147pu | 127pu | 093pu | 098pu

RMS 7.22pu 3.34pu 1.68pu 1.56pu
Control Technique Voltage Mode Control | Average Current Control
Size of Converter Small Large
Circuit Simplicity Simple Complex
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Performance of Single-Phase SEPIC AC-
DC Converter

Vi(V) 4(4)

Vi)

Le(4)

Test results of AC mains voltage, AC mains current, output
#<. |DC voltage and output DC current waveform of AC-DC SEPIC
’9 converter for load perturbation response on equivalent resistive
wrTEL | load (60W to 200W to 60W).
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Modelling, Simulation and Performance of
Single-Phase Zeta AC-DC Converter

NPTEL

Now coming to the modelling and simulation performance of single phase zeta AC DC

converter.
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Single-Phase Buck-Boost Zeta AC-DC

Converter in DCM
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Inductors voltage and current waveforms
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Single-Phase Buck-Boost Zeta AC-DC

Converter in CCM
's : n f//i>r\ isw FFT ? :3; b +
é:ﬂm $ ‘;fi,r/ ol éE 'DHED‘ ::Co% L P>—
Sinusoidalf | lJ sw/

WRamp
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Inductors voltage and current waveforms
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Specifications

Input Voltage (V) — 220 Vgys, 50Hz, Single-Phase AC
Supply e

Output Voltage (V,) -48 V, P, — 1 kW

Output voltage-ripple less than 2%

Switching frequency (f;) - 50 kHz

Transformer turn ratio (n),S)JJ,_:

@Ttizing Inductnace L, — 1@ Li-3mH, Ly-
1

0 mk C, - 10 uF, and C;- 100 nF.
/\
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Performance of Single-Phase Buck-Boost
Zeta AC-DC Converter in DCM

Time (ms)

Source voltage and current in DCM at 100% load

Vo (Volt)

FE TR

§e 8 8 8 8 8 8

: £ 5
N

00 1240.00 1250.00 1260.00 1270.00
Time (ms)

Steady state output voltage in DCM at 100% load
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Performance of Single-Phase Buck-Boost
ZetaAC-DC converter in CCM

-15.00
42000 440.00 460,00 480.00 500.00

Source voltage and current for 100% load in CCM

Vo
49.00

Vo (vot)
4850/

4800 e e S S | /
50| - -

4700!
582,05 80205 61205 62205 63205
Time (ms)

Steady state output voltage in CCM at 100% load
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Performance of Single-Phase Buck-Boost Zeta
AC-DC converterin CCM

V.(V),
i(4)

Ve (V) e e —— e e+ bt

L@ = i 41

Test results of AC mains voltage, AC mains current, output
DC voltage and output DC current waveform of AC-DC zeta

converter for load perturbation response on equivalent resistive
load (60W to 200W to 60WV).
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Comparisons of Zeta Converter Operation in

NPTEL

DCM and CCM
DCM Operation CCM Operation
Quantity 10% Load | 100%-qad | 10% Load | 100%
Input Current THD 1% [ (498 [ 92% [ (136%
PF 0993 | 09975 | 0994 | 0%
Output Ripple 0.62% 199% | 067% 1.98%
Normalized Peak 921 415 29 1.79
Current of SWitch | Average | 0.92 101 045 062
RMS 215 17 1.04 095
Normalized Peak %90 | /0 146 /5'73)
Currentof Diode [ pverage | 45 | 02 324 317
RMS 1045 541 531 457
Control Technique Voltage Mode Control | Average Current Control
Size of Converter Small Large
Circuit Simplicity Simple Complex
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Analysis, Design, Simulation and Performance
of PFC Bridgeless Buck-Boost Converters
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PFC BL-Buck-Boost Converter-1
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PFC BL-Buck-Boost Converter-2

TFilter PFEC BL-BIIC]F@/SI Converter
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PFC BL-Buck-Boost Converter-3

—
Filter ~ PFC BL-Buck-Boost Converter
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Design of a PFC BL-Buck-Boost Converter

input of converter

The voltage conversion ratio is given as,
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Performance of PFC BL-Buck-Boost Converter

4 Non Ceotemy laatr

Chd6.x e
o Siew
P RS =] - |

Inductor Currents with Supply Voltage and Supply Current

350W PFC, V=200V, V=220V
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PFC BL-Buck-Boost Converter Experimental

fow 7, Fal
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Results
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Power Quality Indices at Rated Conditions

350W PFC, V=200V, V,=220V
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Analysis, Design, Simulatj d Performance
of PFC Bridgeless Cuk Converter
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Coming to the analysis, design, and simulation of PFC bridgeless Cuk converter.
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PFC BL-Cuk Converter-1
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Design of a PFC BL-Cuk Converter

The voltage conversion ratio Output Inductor Operating in CCM

D V-0
VO_WVi" / Lor=Loz" f:/\iL 5
0
Input Inductor Output Inductor
Opﬁmg inCCM™ Operating in DCM
V.D V,(1-D
Ln:'-ifﬁ Lm; 02 00';(74/—
ST s(4ho)
Input Inductor Operatingin DCM / Intermediate Cagatit}
LV . VK
DC Link Capacitor Desig
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Performance of PFC BL-Cuk Converter-1
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NPTEL (Fig. 3(d))
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Performance of PFC BL-Cuk Converter-1
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Performance of PFC BL-Cuk Converter-1

Comeeppe

Input Inductor Currents

Intermediate Capacitor Voltage

500W PFC, V=300V, V=220V
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Performance of PFC BL-Cuk Converter-1

NPTEL

Output Inductor Currents

-l e el
Stress on PFC Converter Switches

500W PFC, V=300V, \/,=220V
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Performance of PFC BL-Cuk Converter-1
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PFC BL-Cuk Converter-2
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Analysis, Design, Simulation and Performance
of PFC Bridgeless SEPIC Converter
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Design of a PFC BL-SEPIC Converter

The voltage conversion ratio Output Inductor Operating in CCM

_ D V,(1-D)
AT ey - 0
Input Inductor " Oufput Inductor
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PFC BL-SEPIC Converter-2
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PFC BL-SEPIC Converter-3
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PFC BL-SEPIC Converter-5
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Performance of PFC BL-SEPIC Converter-5
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Analysis, Design, Simulation and Performance
of PFC Bridgeless Zeta Converter
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PFC BL-Zeta Converter-1
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Design of a PFC BL-Zeta Converter

The voltage conversion ratio, Output Inductor Operating in CCM

D Vo |1 -D)
v Tl
1-D 'in ol ~ o2 e A'Lo
Input Tnductor Output Inductor
Operating in CCM Operating in DCM
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Analysis, Design, Simulation and Performance
of PFC Bridgeless CSsC Converter
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Design of a PFC BL-CSC Converter

The voltage conversion ratio is given as,
_D
Vo=1=p Vi

e

Input Inductor Operating in CCM Intermediate Capacitor
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Performance of PFC BL-CSC Converter

Inductor Currents

Intermediate Capacitor’s Voltage

350W PFC, V,:=200V, V,=220V
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Thank you.
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Performance of PFC BL-CSC Converter
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