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NUMERICAL PROBLEMS

Welcome to the course on Power Quality. We will discuss the numerical examples on the

single-phase power factor corrected buck-boost converter.
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1t DeS|gn a smgle-phase power-factor corrected AC-DC non-
isolated buck-boost converter in CCM (continuous current mode
of conductlon approach) operating at 20 kHz with following
specifications: input: V=220 V rms, 50Hz, single-phase AC
supply, DC output: Vac',1§9 V, P, —900 W with output voltage-
ripple less than 2%.

Starting with the first problem. Design a single-phase power-factor corrected AC-DC
non-isolated buck-boost converter in continuous conduction mode operating at 20 kHz
with the following specifications: Input voltage = 220 V RMS, frequency of 50 Hz,
single-phase AC supply, the DC output of 180 V and power output 900 W with the

output voltage-ripple less than 2 %.
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Solution-
The output voltage V. of the buck-boost converter is given as,
Vo=V,
1-D

The converter input voltage is given as,

N\

o ZJ?V;,;: 22x220 198V
: T g

—

Therefore the value of duty ratio D can be given as,

180= ix198: D=0.476
1-D

- ——

The input current s
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+ Considering the 30 % current ripples Design of Inductor (L)
for continuous Current Conduction
‘\\\‘_______‘\

DV, 0476*198

= = ____=-35mH
L pET)-1, 03°20000°(200/198) ——

The inductor is selected greater than the above calculated value

is 4 mH i.e. to ensure CCM of operation.

—

+ Considering the condition of maximum ripple at minimum

output voltage the design of DC link capacitor is made as,

I 4 Bilver P
G-t etes o K W g
=2 @ 200V, 200/, 2x314x.02x180 ——

The maximum ripple voltage across C is considered as 2% of
/q—/ —

Vi The value for DC link capacitor is selected as 2.4 mF
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+ The DBR output is fed to a low-pass filter tuned for one tenth
of the switching frequency to suppress higher order
harmonics. Therefore LC filter is designed as

(900v2/220)

tan(@) = —tan(1°) =1.1uF
) 3M4x220v2 -

Where V,,and /,,are the supply voltage and current 8 is the
displacement angle between supply current and supply voltage.
The filter capacitor is selected as 440 nf.
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While designing the inductor (L) for LC filter, the source inductor
(L) is taken into consideration. Therefore, an accurate filter
design is essential for PFC converter. Higher order harmonics
introduced in input side by high switching frequency of IGBT
switches is eliminated by using LC filters. The filter inductor
design can be given as, : /

L=005

1w
\@\P, )~

T 1))
y \ [ 2)
[i5 —% 0.05| N2\ 5 gamn
47 x 20007 x440x10°* \314 )\ 900 | ——
The cut-off frequency f, for filter design is considered as 1/10 of
the switching frequency ie. £J10. The filter inductor is selected
as6bmH.

While the designing the filter inductor, the source inductor is taken into consideration.
An accurate filter design is essential for power factor correction converter, as the higher

order harmonics induced at supply by the switching of solid state switch is eliminated by
the LC filter.

The solution of this problem is given in the abovemention slides.
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2. Design a smgle-phase power- factor corrected AC-DC non-
isolated buck-boost converter in DCM (Discontinuous Current
Mode of operatlon also known as voltage follower approach)
operating at 20 kHz with following specifications: input: V=220V
rms, 50Hz, single-phase AC supply, DC output: Vi= 240V,
Pratec=500 W with output voltage-ripple less than 2%. ~ ——

< As . -
i Filler DBR e

Coming to the 2" example. Design a single-phase power factor corrected AC-DC non-

isolated buck-boost converter in discontinuous current mode operation, operating at 20



kHz with the following specifications: Input voltage of 220 V, 50 Hz, single-phase
supply, and DC output of 240 V, and power related is 500 W with the output voltage-
ripple of less than 2%.
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Solution-
The output voltage Vs of the buck boost converter is given as,

Vdc_ D vm
S yps
/_\

The converter input voltage is given as,

r
I 1)

v, = 2@2\-2@20 108V

o T 4 =

Therefore the value of duty ratio D can be given as,

Also,
240= "~ x198 = D =0.547

In the above expression, a high switching frequency is

considered i.e. f=20 kHz where R, gives the input side
g s e
resistance.

The design of inductor at rated operating condition is given as

[ VD 198t0547 .
2 Tasam

in's

The inductor is selected as the one tenth of the calculated value
i.e. 100 uH to ensure DCM of operation.
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+ Selection of DC link Capacitor
Considering the condition of maximum ripple at minimum output
voltage the design of DC link capacitor is made as,

[l 2

e il
d

@Lﬁ 206V,

=]
TR R Y

208V, 2x314><02><2402 P

—

y =

The value for DC link capacitor is selected as 1 mF.

—

+ Design of Filter Capacitor
-
The design of filter capacitor is given as,
‘\ Iy} - [~y ////
4 (P g 2/v.) (50042/220)

C _ =/M tan(p) tan(1°) =574.30F

max a = 2
N ?Lvm Qe 314x 22042 —_—

Where V;,and I, are the supply voltage and current. Filter
capacitor is selected as 320 nF.

(Refer Slide Time: 10:54)
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+ Design of Filter Inductor

While designing the inductor (L;) for LC ﬂgr’,ﬂlg source inductor
(L) is taken into consideration. Higher order harmonics
introduced in input side by high switching frequency of IGBT
switches is eliminated by using LC filter. Therefore, an accurate
filter design is essential for PFC converters, filter inductor
design can be given as.

1) v2)

[

[
L =L > =L, 005(

Lw—%A o5 - J(m |- 437mH
47 X200 x320<10° (314500 | ~—

L= 005

The cut-off frequency f, for filter design is considered as 1/10 of
the switching frequency i.e. £/10.

The solution of this problem is given in the abovemention slides.
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3. Design a single-phase power-factor corrected AC DC non-
isolated Cuk converter in CCM (all components are in CCM
operating at 20 kHz with foll foIIowmg specifications: mput V=220V
rms, 50Hz, single-phase AC supply, DC output: V, —300 V,
P ateq=1900 W with output voltage-ripple less than z/i
JES=S=F

~—~—~r—1"
; s
: = AT S N,

Coming to the 3 example. Design a single-phase power factor corrected AC-DC non-
isolated Cuk converter operating in continuous conduction mode at 20 kHz with the
following specification: Supply voltage = 220 V/50 Hz, single-phase AC supply, and DC
output voltage 300 V, and power is 1900 W with output ripple of 2%.

(Refer Slide Time: 13:06)

Solution-
The output voltage V. of the boost-buck converter is given as
Ry i
\ A
1-D
The converter input voltage is given as/
I3
2 @4 >_2\2x220 L
Wl T T —
Therefore theD value of duty ratio D can t:)e/glven /ai
300 = ——x198=> D =0602 L =ce BE_ o6a
1-D == V18—

. = /— e 2
Design of Inductor (L;;) for continuous Current Conduction,
for 40% ripple in current )

T

V. 0.602*198

L= ——ee -
" ALf 0.4*(1900/198) 20000

ut's

=1.55mH

a The inductor is selected greater than the above calculated value
HFTEL - li.e. 2 mH to ensure CCM of operation.
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Design of Inductor (L ) for continuous Current Conduction, for
30% ripple in current

Ve (1- D)”  300* (1-0.602)
Ly

el V]

- =3.14mH
0.3*(1900/300)*20000 —

/_
The inductor is selected as 3.5 mH to ensure CCM of operation.

The voltage across the capacitor C, is given as,

v, 198
Vy=oh =495 —
(1-D) 04 —

Considering the condition of 10% ripple, the desigu)f
intermediate capacitor C, is made as,

(1-D) 96%(1-0802) . .

C= =
"TTAVE 017495720000

The value for intermediate capacitor is selected as 4 uF

e -
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Considering the condition of maximum ripple at minimum output
voltage th} design of DC link capacitor is made as,

) P v
e Pratsz _ 1900 - 1.68mF
200V, 200V, ° 200/, 2x314x02x300° ——
— e

—

The maximum ripple voltage across C, is considered as 2% of
V. The value for DC link capacitor is selected as 2 mF.

—

The DBR outputis fed to a Iow-p_aﬂe_r_tuned for tﬁe— tenth of

the switching frequency to suppress higher order harmonics.

Therefore design of this LC filter can be given as,
Y e

an(6)= (Pratea /%) (19002/220)

I
G tan(g
max i’Lvm b4 oV s 314x22042

tan(1°)= 22uF

Where V, and |, are the supply voltage and current.

Filter capacitor value is taken as 800nF.
S —
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While designing the inductor (L;) for LC filter, the source inductor
(L) is taken into consideration. Higher order harmonics

|W in input side by high switching frequency of 48BF
s gf is eliminated by using LC filter. Therefore, an accurate

filter design is essgmal for PFC converters, filter inductor
design canbe givenas, . =
"}

/ \/
L‘mj 2f‘C ’
i /A—A_zam‘

b=yt -008[ | 2% |- 3g6mH
72 4720007 x800x10° (314 ) 1900 ) ———

The cut-off frequency f, for filter design is considered as 1/10 of
the switching frequency ie. f5/10

D

WPTEL

m

The solution of this problem is given in the abovemention slides.
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4. Design a smgle phase power factor corrected AC DC non-
|soIated Cuk V
and intermediate capacitor are in DCV operatrng at 50 kHz wrth
foIIowmg specifications: ir mput V, 160 270V ms, 5/Hz§ﬂe
phase AC supply, DC output: Vdc-/20m V adjustable with
nominal value of 220 V, Pmed-850 W with output voltage-ripple
less than 2% -

Ny | e

s (BN L .‘; DI S Vava s
Vg ‘ S

'—. I~

.L_“““_7_,_,

Coming to the 4" example. Design a single-phase power factor corrected AC-DC non-
isolated Cuk converter in discontinuous conduction mode operating at 50 kHz with
following specifications: Supply voltage = 160-270 V RMS, 50 Hz, single-phase supply,
DC output voltage = 200 to 260 V adjustable with the nominal of 220 V, power output is
850 W with the output voltage-ripple of less than 2 %.
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Solution-
The output voltage V. of the Cuk converter is given as,

A-By

1-D°

Design of Inductor (L;) for Discontinuous Current Conduction,

VD RD (W)
I3 7(9 Jzﬁ

\
\

At minimum supply voltage and maximum DC link voltage, the
critical value of L; is calculated as,

B 1 ’vm"z\;' Vacmm |
7\ P | B v
s\ " rated J\ smn demax /)

L SN
1 (1607} 260 )
_ Al [0 |=161uH
2*50000( 850 )\ y2*160+ 260 —
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At minimum supply voltage and minimum DC link voltage, the
critical value of L; is calculated as,

V,

smin demin

"\ P | B + Vo)

\ Fratea Vi /

1(v

S N
2750000( 850 )\ y2+*160+200/ ——

In the above expression, a high switching frequency is
considered i.e. f=20 kiz where R, gives the input side
resistance, As per th/e\required design the rated input power and
rated DC Tink are considered at minimum m.,
Vsml'n = 16W).

Therefore, the critical value of input inductor is selected lower
than L. The inductor is selected as 100 uH to ensure DCM
operation. i e
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The output inductor is calculated at the peak of supply voltage
and maximum DC voltage is given-as,

7 i 2 \
Vo) Vo [ Vem |
22V, f N2V, +V,

smin's \ smin * Yoemax / __

00280

\ Pres

[ 2\ \
00260 @‘ = = { T =5 ;-185‘"H
el T J242+160*50000\ \2*160+ 260

The output inductor is calculated at the peak of supply voltage
and minimum DC voltage is given as,

= /stmz ) vmmm (’Vd¢
ﬁm \ Pes / 2‘/§Vsnunfs l VEVsmn +,

demn

(160 200 ( 200 )
A o) [ o B e I B T e
bz 850 )242*160*50000! V2 *160+200) —

Therefore, the value of input inductor is selected lower than

Lycao- The inductor is selected as 80/uH to ensure DCM of
operation. / i
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The critical value of intermediate capacitance C,_is as,
VD P

C'C — — rated

ANAR, 246Vt Ve )
The critical value of intermediate capacitance C,, at minimum
DC link voltage, is calculated as,

= 850
Cieae = =

. = _ - 25.120F
B2V Y, 2*50000* (27042 + 2007
o

e

The critical value of intermediate capacitance C,, at maximum
DC link voltage, is calculated as,

Py - o = 20630F
2*£*(V2V, +Vy ) 27500007 (27042+ 260F  ——

16260 =
o~

The capacitor is selected less than the calculated value of C, .,
i.e. 15 nF to ensure DCM of operation.
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Considering the condition of maximum ripple at minimum output
voltage the design of DC link capacitor is made as,

Idc Paled vd

- 200V, 200V, o

The design of DC link capacitor at maximum DC link voltage, is
made as,

o 850
Con =————=1mF
oy 200’V2 2x314x.02x 2600 —

demax

The design of DC link capacitor at minimum DC link voltage, is

made as, / o
P 850
= . =1.7mF
200V 2x314x.02x 2&‘_ o

The maximum ripple voltage across Cy, is considered as 2% of

Vi The value for DC link capacitor is selected as 2mF.

(Refer Slide Time: 23:32)
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The DBR output is fed to a low-pass filter tuned for one tenth of
the switching frequency to suppress higher order harmonics.
Therefore design of this LC filter can be given as,

|P 2/ | 1850J2 20| @
=  tany=976.26nF
Cnax = av ay " 314x 202 ot

Where V,,, and /.are the supply voltage and current. The filter
capacitoriﬁ&:d asd0nF.

Filter inductor demven as

Y v2
L= 005 — || =
\a P

L + —_—
AQ_/} e, i wl
W | \(2202)
% 47X 2000 x 470107 314‘ 850 )

=4.4mH
e

The cut-off frequency f, for filter design is s considered as 1/10 of
the switching frequency i.e. £/10.

The solution of this problem is given in the abovemention slides.
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5. Design a single-phase power-factor corrected AC-DC non-
isolated SEPIC converter in DCM operating at 50 kHz with
following specifications: input: V=220 V ms, 50Hz, “single-
phase AC supply, DC outpuf V= 220V, P,,,;=850 W with
output voltage-ripple less than/Z'Vi. T —

Coming to 5" example. Design a single-phase power factor corrected AC-DC non-
isolated SEPIC converter operating in discontinuous conduction mode at 50 kHz with the
following specifications: Supply voltage = 220 V RMS/ 50 Hz, single-phase supply, and
output voltage is 220 V, and rated power is 850 W with the output voltage-ripple of less
than 2 %.

(Refer Slide Time: 25:50)

Solution- The output voltage V. of SEPIC converter is given

as
Vie = iVm'/
— 8-

=198V

pe——

The converter input voltage is given as,v, = N@ i
T T

Therefore the value of duty ratio D can be given as,

R / —P°-85(43A
5198-5D=05%6 b=t

220-=
1

Equivalent Inductance (L) for DCM,

N2 10R* 2
VoD 1805 o,
=2 *f  2*43*50000
S =
The input inductor (L;) operates in DCM and calculated as,
Y
_V,'D _ 198%056 ..
2°1,*f 2%43*50000 ——

.

wries | The selected value of input inductor is taken as 0.15miH.

m
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Design of Output Inductor (CCM) is carried out as
o’
Leg=LiLo ALit)

L =Ll Lyg) =(127*150*10-12)/{(150 - 1_2]_[@}
L,=082

The selected value of output inductor is take

ensure its operation in CCM.

By considering @ voltage ripples, the intermediate

—

capacitor is designed as

—

¢ P _ 850 _ -
~ KF(2VV,f  02950000°(2202+220F
/
Hence, the capacitor of 0.44uF is selected.
e

(Refer Slide Time: 27:54)
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Considering the condition of maximum ripple the design of DC

link capacitor is made as,

I~ 850/220

(B o =14mE—
. 20Av, 2*314*.02*220 —
e ==

The maximum ripple voltage across C, is considered as 2% of

Vg The value for DC link capacitor is selected as 1.8 mE—

The design of this LC filter can be given as,
y o

I AP 2, 85042/220
c =Ltan(o)=(’a’9d M) s ,_'tan(ﬂ):g?s,snF
max QW 7 9V 314x220y2 =
v =

Where V,,and /,, are the supply voltage and current. Hence, the

capacitor of 150nF is selected.
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While designing the inductor (L) for LC filter, the source
inductor (L) is taken into consideration. Filter inductor design

can be given as,

E=0 02I 1)
\ @)\ Prted)
, 1 Fif vl
L =L, +002 —| ==
.i@@ 4’72’;2C . '\ @ ) ‘\ Pva!ed )
1 (2207
— . e 313
by 477 x5000% x150x10°° 1314 ” 850 ‘

Hence, the inductor of 3.3mH is selected. The cut-off frequency

f, for filter design is considered as 1/10 of the switchiog
SRR ———  — N

M- frequency e f 10.

The solution of this problem is given in the abovemention slides.
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6. Design a smgle-phase power factor corrected AC DC non-
isolated CSC (Canonical Switching Conver r

(Discontinuous Current Mode of opera jon_als known “as
voltage follower approach) operating at 20 kHz witt—foflowing

specifications: input: V=220 V ms, 50Hz, single-phase AC

supply, DC output: V=220V, P,,.;=950 W with output voltage-

ripple less than 2%.

MPTEL

Coming to the 6™ example. Design a single-phase power factor corrected AC-DC non-
isolated CSC converter operating in discontinuous current mode at 20 kHz with the
following specifications: supply voltage = 220 V/ 50 Hz, single-phase AC supply, and
output is 220 V, power is 950 W with output voltage-ripple of 2 %.
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Solution-
The output voltage V. of the CSC converter is given as,

V

n:

The converter input voltage is given as, v, 2"@ Mmo ~198

Therefore the nominal value of duty ratio d, can be obtained
0 iU A

from, —= -
d,VL,A,osza L:’iﬁlﬂ:@:‘g_aA
V4V, 2204198 — V., 198
7

Design of Inductor (L) for Critical Conduction,

—

Vd, 198*0.526

I ———————=0.54mH
20f, 2048720000 ——

The inductor is selected as 0.15 mH to ensure DCM operation.
= P
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An intermediate capacitor is designed for permitted ripple
voltage of across it and it is taken as 10% of V, [where is the
voltage across intermediate capacitor, ie., (V,n+ Vi 198+220

-418V] and is glven as, —
- _ Ved, i 22? 0‘.526: 27%F
T _LRAV, 20000°51°01°418 T

Hence, the capacitor of 3yF is selected.
g -

Considering the condition of maximum ripple at minimum output
voltage the design of DC link capacitor is made as,

I, Pl 950/220

C, e = ot ~156mF
- @74 20v, 2°314*02°220 —

The maximum ripple voltage across Cy, is considered as 2% of

Vi The value for DC link capacitor is selected as 1.8 mF
— T
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The DBR output is fed to a low-pass filter tuned for one tenth of
the switching frequency to suppress higher order harmonics.
Therefore design of this LC filter can be given as,

2 95042/220
:Ltan(rp_‘ g /", :'%Jtan(ﬁ):t‘uF
max oV, o~ 3x2202 e

Where V;,and [, are the supply voltage and current. The value
for filter capacitor is selected as 650 nF i

—

While designing the inductor (L) for LC filter, the source inductor

(L) is taken into consideration. Higher order harmonics

introduced in input side by high switching frequency of IGBT

switch% is eliminated by using ter. Therefore, an accurate
filter design is essenti/al_ for PFC convert;d, filter inductor

7\ |design can be given'as,

A

)¢

(Refer Slide Time: 33:44)

1 1 (2207
= 003 —|=—|=488mH
b 47%x2000% x650x10°® (314,}[950} —

The cut-off frequency f, for filter design is considered as 1/10 of
the switching frequency i.e. £/10.

The solution of this problem is given in the abovemention slides.
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7. Design a single-phase power-factor corrected AC-DC non-
isolated Luo_converter in DCM (input inductor DCM mode)
operating at 20 kHz with foIIowmg specifications: input: V=220V
ms, 50Hz, single-phase AC _supply, DC output: VdC—SUUV'
Praea=250 W with output voltage-ripple less than 2%.

Sls

Coming to 7" example. Design a single-phase power factor corrected AC-DC non-
isolated Luo converter operating in discontinuous conduction mode at 20 kHz with the
following specifications: supply voltage = 220 V/50 Hz, single-phase AC supply, DC
output voltage of 300 V, rated power of 250 W, and output voltage-ripple 2 %.
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Solution-
The output voltage V;, of Luo converter is given as
D e
Vo=—V,
7
= in
The converter input voltage is given as, v @ NI _yqq
T

— < —_—

Therefore the value ofyty ratio D can be given as,

300- 2 1800802 7
/—_\

Cor”

P_259_1262A il

=y 198
Design of Inductor (L;) for Critical Conduction,

L AR
- @ 2°1262°20000 -\

The inductor is selected as the one tent ed value
*TEL li.e. 0.25 mH to ensure DCM of operation
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An intermediate capacitor is designed<for permitted ripple

@ \/_ where is the

voltage of across it and it is taken ag

voltage across intermediate capacior, e, (V, +
V;)=198+300=498V] and is given as,
V.*D 498*0.602
€=t = =8361F
2R AV, 27360720000705%498

Hence, the capacitor of 100nF is selected.

Considering the condition of maximum ripple at minimum output

voltage the design of DC Ii/nk mﬁt_ﬁmd_e_a&

P

(o = M — mwed/ 0
200, 206V,
=
% 250

= = 5> =221.16uF ~—
200v°, 2x314x.02x3000 _—

/—\_—
The maximum ripple voltage across C, is consi s 2% of

V., The value for DC i itor is selected as, 250 uF. -
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Considering 20% curre/nL ripple. The expression for output
inductors (L,) is given as, il

D'Im/ 0.602* (250/300)

L= —= > ~ Tm
_— 16*f7*C *Ai, 16*20000°*100*10~*0.2*(250/300) —
/
Hence, the indu is selected.

The DBR output is fed to a low-pass filter tuned for one tenth of
the switching frequency to suppress higher order harmonics.

Therefore design of LC filter can be given as,
R e
(P g 2. (25042 /220)
tan(9) =

Vraled =4 tan(1°) = 287.13nF

I
—M_tan(g)= Al T
202~

T T
Where V, and /,, are the supply voltage and current. Hence, the
filter capacitor of 220nF is selected. -
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While designing the inductor (Lf) for LC filter, the source inductor
(L) is taken into consideration. Higher order harmonics
introduced in input side by high switching frequency of IG 1GBT
switchs is eliminated by using LC filter. Therefore, an accurate’
filter design is essential for PFC convert% filter inductor
design can be glven as, T

L= 003\—“—

Jin N

@ 003 H 2207 |=10mH
47 x20002x220x10 314 )| 250 |
/f—

Hence, the inductor of 10mH is selected.
The cut-off frequency f, for filter designi;,ednsidered as 1/10 of
the switching frequency i.e. £/10.

The solution of this problem is given in the abovemention slides.
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8. Design a single-phase power-factor corrected AC DC non-
isolated Shephard- Ev or con ,-‘-v't—x n (Inputand o auctor
_‘; operating at 20 kHz with following smm

V=220V rms, 50Hz, single-phase AC supply, DC output: V,=300
V, MOO W with output voltage-ripple less than 5%. =

Coming to 8" example. Design a single-phase power factor corrected AC-DC non-
isolated Sheppard Taylor converter in DCM operating at 20 kHz with the following
specifications: supply voltage = 220 V/50 Hz, single-phase AC supply, DC output
voltage of 300 V, and power is 1900 W, with output ripple of less than 5%.
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Solution- The output voltage V, of Sheppard-Taylor convener

is glven as D

EpE
The converter input voltage is given as,
AW, 203220

v,

Therefore the value of duty ratio D can be given as,
D e

00=—x18=D-0602
— =
/
f, - 10_g
TV, 18—

n

Design of Inductor ( 4l oK or discontinuous Current Conduction,

'D 198+ 0.602

10T ¢ 31
l‘@ 279672000 ——

Hence, the input inductor is selected as 0.1 mH to operate in
DCM.
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An intermediate capacitors are designed for permitted ripple
voltage of across ross it and it is taken as 45% of V. [where is the
voltage , across  intermediate capacnfo? e, (Vi +

V=19 +309=498V] and is given as,

V,*D 000602 oo
UR V) 045 4747200007498 —

Hence, the capacitor of 1uF is selected.

Design of Output Inductor (L) (DCM Mode )
/ g e
V. *(1-D) 300*(1-0.602) —0472mH

b= f.  2*6.33*20000
2

Hence, the output inductor is selected of the order of 1/3rd of L.,
LT

as 0.16mH to operate in DCM.
N
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Considering the condition of maximum ripple at minimum output

voltage the design of DC link capacitor is made as,

—
c - . 1900/300 067mF

= 20\, 273147057300

The maximum ripple voltage across C, is considered as 5% of
SEos >

V, The value for DC link capacitor is selected as 1 mF.

The DBR output is fed to a low-pass filter tuned for one tenth of
the switching frequency to suppress higher order harmonics.,
Therefore designof this LC filter can be given as,

I /P 190042/220
= tan(o)_‘ rated "tan(o) i ‘j‘tan(1°)_2.1BuF
oV

'O W = L')LVm = 314x22042 —_—
® - -

wis [Hence, the capacitor of 780 nF is selected.

(Refer Slide Time: 42:49)

Filter inductor equation is given by
1 \( V? \
L, :0.03[_J[;\

(91 rated )

1 1) v?

+L o> ———=L_+003 —| ==
i@—"g:“ﬂzfcch b [OL] Praed]
e
/- 1 (L [2202

Lo sl — | =5.66mH
47* x2000° x780x10 1314 1900 | ——
e S

The cut-off frequency £, for filter design is considered as 1/10 of
the switching frequency i.e. £/10.

Hence, the inductor of 6mH is selected.
——— P

The solution of this problem is given in the abovemention slides.
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9. Design a 300W PEC 8| -7eta converter operating i I to
maintain a DC link voltage of 300V with percentage npple of 1%.
The permitted ripple in the input and output side inductor and
intermediate capacitor is given as 20 20%. The PFC converter is to
be operated at 220V/50Hz input it with switching frequency as|
40kHz. Calculate the value of input and output mductors
intermediate capacitor and the DC link capacitor.

Solution: The average input voItage appearing to input of

converter, T rpGane
22V ‘l._fidgm_
V. ﬁ 22x220 198V [ & L

by X 1 El % _\,é.JILW{)_T
Now, the duty ratio is calculated J

as,
Vo= _plVin
:D—vo/(vo+vin)—3@/(3oof1§)—%/

Coming to 9" example. Design a 300 W power factor corrected bridgeless zeta converter
operating in continuous conduction mode to maintain the DC link voltage of 300 V with
a percentage ripple of 1%. The permitted ripple in the input and output side inductors,
and intermediate capacitor is 20%. The power factor correction converter is operated at

220V/50 Hz input, and the switching frequency is 40 kHz. Calculate the value of input

and output inductors, intermediate capacitor and DC link capacitor.

(Refer Slide Time: 44:28)

- 5l
The value of input current I, | _ Po 300 ...,
— o, m

Input Inductors Operating in CCM

For the 20% current ripples in input inductors, the design is
given as, ——
- __198x0602¢ g g41my
it i fs 40000x0.2x1.515 ———u
o e

Therefore, the L and L, are selected as 10 mH to ensure

CCM. - -

Output Inductors Operating in CCM
Considering 20% current ripples, _the minimum value of output

inductors is calculated as,
= | o
V.(1-D -0.
o o(1-D) ©_300¢-06024) ..
01”02~ igdi,,  40000x(0.2x300/300)
7 0
2 o S =

Hence Ly1and L, are selected as 15 mH
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Design of Intermediate Capacitors

Considering 20% voltage npples in intermediate capacitor, the
design is given as,

o
VoD
- c Rf o e 300x0.6024 _151.nF

s2'ct 1@40000)(0.2)((198-300)
—_— - =
Therefore, the C, and C, are selected as 250nF to ensure

CcCMm. = T

=i

DC Link Capacitor Design

R, /v/ 3730
c. 0P8 _ o 7o
200V, 200V, DGU4O0DE0

-k -
DC link capacitor is selected as 660 uF.

S

The solution of this problem is given in the abovemention slides.
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10 DeSIgn a 500W PFC BL-Cuk converter operating in DCM
Output Inductor &7) to maintain a DC link voltage of 300V with
percentage npple of 4%. The permitted ripple in the input sid yut side
inductor and intermediate capacitor is given as 20%. The PFC
converter is To be operated at 220V/50Hz input with switching
frequency as 40kHz. C “Calculate the value of input and output
inductors, intermediate capacitor and the DC link capacitor.
i ey

—

Solution: The average input voltage appearing to mput of

converter
v, - _ 22x220 /2x220 L

Now, the duty ratio is calculated as, |
S

’) Vo =(%4_p)%,

= D=V /[Vg +V;, ) = 300/(300 + 198) = 0.6024

Coming to 10" example. Design a 500 W power factor corrected (PFC) bridgeless Cuk
converter operating in discontinuous conduction mode (for output inductor only) to
maintain the DC link voltage of 300 V with the percentage ripple of 4%. The percentage
ripple in the input inductor and intermediate capacitor is 20%. The PFC converter is
operating at 220 V/50 Hz, and switching frequency is 40 kHz. Calculate the value of

input and output inductors, intermediate capacitor, and the output DC link capacitor.
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S

NPTEL

P(,soo

——=2.525A

The value of input current I;; | 108
&

n =y
—_ n

—

Input Inductors Operating in CCM

For the 20% current ripples in input inductors, the design is

given as, v -
D/
Lol - VD 198x06024 o0,
in- iz f@ 40000x0.2x2.525 ——
T e —

Therefore, the Lj; and L;, are selected as 6 mH to ensure CCM.

—_—

Output Inductors Operating in DCM

The boundary value of output inductors is calculated as,
deaedan e bl ol L
Yo(1-D) _ 300x(1-06024) oo, o

=L <l o=
1 oc = 7 )t
ke s (P]) 40000x2(500/ |
> 7300
/ \

Hence L, is selected as 2/3@ of L i.e. S@FH

L
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NPTEL

Design of Intermediate Capacitors
Considering 20% voltage ripples in intermediate capacitor, the

design is given as,
e
V,D
e 300x0.6024 e
- s8Vcy) 300 %00 X40000x0.2x(198+300)  —
= :

Therefore, the C; and C, are selected as 350nF to ensure
CCM.

/
DC Link Capacitor Design
i R, /
Y L T
d 200V, 200V, 23140041300
D —— EEEaEES

DC link capacitor is selected as 4450\uF.

The solution of this problem is given in the abovemention slides.
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S

{

11. Design a 300W BL SE:’IC PFC converter operating in DCM
(Output Inductor) to maintain a DC link voltage of 300V with
percentage ripple of 4%. The permitted ripple in the input side
inductor and intermediate capacitor is given as 20%. The PFC
converter is ltw@itcmng
frequency as 40kHz. Calculate the value of input and output
inductors, intermediate capacitor and the DC link capacitor.

Solution: The average input voltage appearing to input of

converter, —
22y
D f; 523: 242x220 oo

in P - —
— #E A 4| [T}

Now, the duty ratio is calculated as, v

Ve (%ﬂ)vm/

NPTEL

=D =Vy [V +V;y )= 300/(300-+ 198) = 0.6024

(Refer Slide Time: 52:31)

%)

NPTEL

: T
The value of input current I, | _ Po 300 ..,
in"v. 19

in
e
-

Input Inductors Operating in CCM

For the 20% current ripples in |nput inductors, the design is
givenas,

V. D
_ VD 198x06024 oo

=
L meL 40000x0.2x1515
Therefore, the L; and | L, are selected as 10 mH to ensure

CCM. S
Output Inductors Operating in DCM

s
The boundary value of output inductors is calculated as,
s =y

Vo(1-D
(3] 00008, e

L :L <<L -
0C =
s 400002 300/0 } —

—_

Hence L, is selected as 2/3m of Ly i.e. 995 yH
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Design of Intermediate Capacitors

Considering 20% voltage ripples in mtermedlate capacitor, the
design is given as,

VoD

L . 300x0.6024 e

/ sA c1 ~ 300 300x40000x02x(198 300) ——
——

Therefore, the C, and G, are selected as 250nF to ensure
CCM. SRt

/
DC Link Capacitor Design
I/ S
d_Follo _ H0LAQ _ppp

C,= - - :
d .
Vi 202\-/(10 2‘”"9c 26140043300

DC link capacitor is selected as 220 uF.

—

The solution of this problem is given in the abovemention slides.
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12. Design a 200W PFC BL-isolated Flyback—converter
operating in QCM to mamtaln a DC |l : 7

e

Solution: The average input voltage appearing to mput of

converter ( i
L 2J’vs/ 2zeh oo

—_—

in
e -
Now, the duty ratio is calcglgted 85, fiw PR At Comere

D (N,)
=—7y]-2|V. >
0 1-p|(N, ) in

D=Vo/(52V, +V,)

D =50/(0.5x198 + 50)> D = 0.3355

—

Coming to 12" example. Design a 200 W power factor corrected (PFC) bridgeless
flyback converter operating in discontinuous mode to maintain the DC link voltage of 50
V with the percentage ripple of 4 % in DC link voltage. The PFC converter is operating
with the input supply of 220 V/50 Hz, and switching frequency of 45 kHz, and the turns

ratio is 2:1. Calculate the transformer inductance and DC link capacitor.
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Design of Transformer Magnetizing Inductor (in DCM)

The boundary value of L, is calculated as,

—_

N
- DR
L <<L e 'nN -V @

1 ]_50]033554502 o)

L .-|198 - 45 66,H
mC - [ [2 2X45000450 7
s =

Hence value of inductor Operating in DCM is selected as 30pH.
siliiy iz

Design of DC Link Capacitor

— -
b Rl%’ 20050,
[ =3.1847mF
a4 2 2mv 2)(31450 —

DC link capacitor is selected as 3.3 mf.

The solution of this problem is given in the abovemention slides.
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13. Design a 300W PFC BL-Isolated Cuk converter operating
DCM to maintain a DC Tink ve voItage of 100V with percentage
npple of 4%. The permitted ripple in the input side inductor and
intermediate capacitor is given as 20%. The PFC converter is to

be operated at 220V/50Hz input Wwith switching frequency as i
45kHz. The turns ratio is given as 2:1. Calculate the value of

input and output inductors, infermediate capacitor and the DC
link capacntor

Solution: The average input voltage appearing to input of

converter, @ @

Now, the utyT’ tio E&Ic@s

v°=1D _'v

DV/(’V +V,)

D= 100/(05)(198 100)=> D =0.5025

198V

(M
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S

NPTEL

—

P
The value of input current I, 1, v"_ - % =1.515A
n

—

DeS|gn of | Inductor (in CCM)
For t 20% £urrent npples in input inductors, the design is

glven as,

_ 198x0.5025
L fAlL = IS00x0 X1 515~ 2o

Therefore, the Liis selected as 7.5 mH to ensure CCM.

.
—

Design of output inductor in DCM
The boundary value of L, i.e. L, is calculated as,

Vo(1-D)__ 100x(1-05025) ..o

| e e ——— |
oo LR S

Hence L, is selected less than L i.e. 150pH

——
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&
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Design of Intermediate capacitors (in CCM)
Considering£20% yoltage ripples across both capacitors, the
design expressions are given as, St |

N 2
2/ | D2 2
‘ 198(14) (0. 5025
TR i 7 il
s‘ JAVey (10021300 x45000x(1-0.5025)x0.2x(198) ——

€

Vb 100x0.5025 1 6754F
2" Rf, 2/ —
R AVC2 g 300)45000x0 2x100

Thus, the C; and C, are selected as 500 nF and 1.8 uF,

respectively, to ensure CCM. e
DC Link Capacitor Design
ey
I B /v 30044
(:d d Q1 194
200y, 2. Vo 2x314(_09}100 =

DC link capacnor is selected as 1.6 mF.

P

The solution of this problem is given in the abovemention slides.
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14 De5|gna590\WPFC BL-lsolated SEPIC converter operating

/' to maintain a DC link voltage oiZQO\wnh percentage
npple of 4%. The permitted ripple in the input side inductor and
intermediate capacitor is given as 20%. The PFC converteristo
be operated at 220V/5Wi input with switching frequency as|
45kHz. The turns ratio (N IN,) is given as 2:1. Calculate the
value of input and output mductors intermediate capacitor and
the DC link capacitor.

Solution: The \avera%t voltage appearing to input of

i
converter, e 24905 ) 2.2x220
b4 T

in =198¥ =

-
Now, the duty ratio is calculated as,

Nr/

//’_\
N,
D=V, /(2V, Vo)

D =200/(0.5x198 +200)=> D = 0.67

e —_—

Now, coming to the 14" example. Design a 500 W power factor corrected (PFC)
bridgeless isolated SEPIC converter operating in discontinuous mode to maintain the DC
link voltage of 200 V with the percentage ripple of 4%. The permitted ripple in the input
side inductor and intermediate capacitor is given 20% The PFC converter is operated
with the supply of 220 V/50 Hz, and the switching frequency of 45 kHz. The turns ratio
is selected typically as 2:1. Calculate the value of input and output inductor, and

intermediate capacitor and the DC link capacitor.

(Refer Slide Time: 62:41)

—

i | - Po _500

The value of input current I, 'in =y~ 108
cin

e

=253A

Design of Input Inductor (in CCM)

For the 20% cu /ent ripples in input inductors, the design is

glven as, J V. D
B Lk 198X067 oo

\is,ML/ 45000x02x253 —

Therefore, the LI is selected as 6 mH to ensure CCM.

—

Design of HFT Operating in DCM
The boundary value of L;,’iggalculated as,

V,(1-D) 200x (1-0.67) o
= = = u

/T:_L}c “nig(2,)) 05X45000K (25007200 !

Hence L, is selected less than L i.e. 150pH
Tl e
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Design of Intermediate capacitor (in CCM)

Considering 20% voltage ripples across capacitor, the design
expressions are given as,

c =‘N_2‘ VoD
17N JR

ﬁ’/’@gozow.fﬂ =467.62nF

~12)[2002/500|x45000x0.2x(198 + 200)
S —

Thus, the C, is selected as 550 nF to ensure CCM.

— —

DC Link Capacitor Design
B —

—
ey
Clod "oV —SRA _,qp
d 200V, 200V 2314008900 ——
c dc
e

DC link capacitor is selected as 660 uF.
P —
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The solution of this problem is given in the abovemention slides.

Summary

+ The Buck-Boost improved power quality converters
demonstrate excellent performance characteristics over a wide
range of supply voltage.

» The power circuit diagram and operational principle of several
type of buck-boost derived IPQC's like Cuk, SEPIC, Zeta, Luo,
and CSC, are presented.

+ The bridgeless configuration of IPQC’s offers lower conduction
losses and fewer device count. Based on this, various
bridgeless buck boost IPQC's are d strated.

* A number of practical examples of buck-boost derived IPQC’s
are given with a view of proper design exposure while
considering improved power quality performance.

With this we would like to summarize. The buck-boost improve power quality converters
demonstrate excellent performance characteristic over a wide range of supply voltage.
The power circuit diagrams and operational principle of several type of buck-boost
derive improve power quality converter like Cuk, SEPIC, Zeta, Luo, and canonical
switching converter are presented. Further, various bridgeless buck-boost converters are

also demonstrated. A number of practical examples of buck-boost derived improved



power quality converters are given with the view of proper design exposure while

considering the improved power quality performance at the grid.
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