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NUMERICAL PROBLEMS

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

Improved Power Quality Boost Converter.

(Refer Slide Time: 00:28)

1. Find the optimum value of (a) the DC side inductor and
(b) the DC link capacitor for a single-switch boost PFC AC-
DC converter with the following specification (i) the rated
power 1000 W, (ii) the output voltage 400 V, (iii) the output
voltage ripple<0.02 pu, (iv) the inductor current
ripple<0.05pu, (v) the line frequency 50 Hz, (vi) the supply
voltage 230 V (rms), (vii) switching frequency 40 kHz. under
the continuous conduction mode (CCM) operation of the
DC side inductor.
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Coming to the Example-1. Find the optimum value of (a) DC side inductor and (b) DC
link capacitor, for a single switch power factor correction AC-DC converter with the
following specification (i) the rated power of 1000 watt, (ii) the output voltage 400 volt,
(iii) the output voltage ripple less than 2%, (iv) the inductor current ripple less than 5%,
(v) the line frequency 50 hertz, (vi) supply voltage 230 volts, (vii) switching frequency
40 kilohertz, under the continuous conduction mode operation of the DC side inductor.

(Refer Slide Time: 01:27)

Solution. Given that: P,=1000W, V,=400V, V=230V,

f=40kHz, =50Hz, V,, = 0.9°V,=207V.
|0=5=m=2,5;\ [):Vo'vn =4°°‘207=o 4825 | =5=m=4.83l\

V, 400 —/— © V, 40 = "V, 207 —
40 - "

Hencgoptim_qm value of DC side capacitor:

(€= '?\ - = =497 3uF
‘w 2x314xAV, 2x314x002x400 ——

DC side inductor is calculated as,

) VDl W0
e fxAl, 40000x0.05x483 ———

=

The solution for Example-1 is given in the abovemention slides.
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2. Find the value of (a) the DC side inductor and (b) the DC
link capacitor for a single-switch hboost PFC AC-DC
converter with the following specification (i) the rated
power 150 W, (ii) the output voltage 400V, (i) the output
voltage ripple<0.05 pu, (iv) the line frequency 50 Hz,'Ql_)the
supply voltage 230 V (rms), (vi) the maximum switching
frequency 20 kHz under the boundary condition mode of
conduction (BCM) of the DC side inductor.
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Coming to Example-2, find the value of (a) the DC side inductor and (b) the DC link
capacitor for a switch-single switch boost converter AC-DC converter with following
specifications, (i) the rated power of 150 W, (ii) the output voltage 400 V, (iii) the output
voltage ripples less than 5%, (iv) the line frequency 50 Hz and voltage of 230 V, (v) the
maximum switching frequency 20 kilo hertz under the boundary condition mode of the
DC side.

(Refer Slide Time: 03:13)

Solution. Given that: Po=150W, V=400V, V{i5,,=0.05pu,
Vs =230V rms, =20 kHz, kHz, f=50Hz

Re121.06k0 h=ro="0- 375
s V, 400 —
peYirVe 400207 456
V, 400 =

For BCM m?@ra\meters are calculated as follows,

L, “Bx(1-D) x1 k0 4825x(1-0.4825) x— 2203 43mH
of 2x20000 —

Design of DC link capacitor

&) cdm DB ___pq a4y
4 \2wAY,/ 2x314x0.05:400 '——

The solution for Example-2 is given in the abovemention slides.
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3. Find the value of (a) the DC side inductor and (b) the DC
link capacitor for a single-switch boost PFC AC-DC
converter with the following speclf catlon (i) the rated
power 500 W, (ii) the output voltage 400V, (iii) the output
voltage ripple<0.05 5 pu, (iv) the line frequency 50Hz, (v) the
supply voltage 230V (rms), (vi) the swnchlng frequency_z\
kHz under the discontinuous conduction mode (DCM) of
the DC side inductor. B




Coming to the Example-3, find the value of (a) DC side inductor, and (b) DC link
capacitor of a single switch boost converter with the following specifications, (i) the
rated power of 500 W, (ii) the output voltage 400 V, (iii) output voltage ripple less than
5%, (iv) the frequency 50 Hz (v) the voltage 230 V and switching frequency 20 kHz.
Under discontinuous conduction mode of the DC side inductor.

(Refer Slide Time: 04:25)

Solution. Given that: P=500W, V;=400V, Vyy;0=0.05pu,
V=230V ms, f=20 kHz, f=50Hz

P50 ey R:‘I’ﬂ =300
LR o
ooV 00T

v, 400
For DCM the parameters are calculated as follows,

L, =Dx(1-D) x.3-=0.4825x(1-0.4825 x— 22
: %, 2x20000

=1.03mH

Hence, the value of inductor should be less than 1.03mH to
ensure DCM.

Design of DC link capacitor
N 125

C =09 4T,F
o, 2316005400 2

The solution for Example-3 is given in the abovemention slides.
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4. Calculate the value of (a) the output voltage ripple and
(b) the inductor current ripple for a single-switch boost PFC
AC-DC converter with thefoﬂowlﬁg‘speciﬁcationsTﬁ)Eed
power 1000 W, (ii) output DC voltage 400 V, (iii) the DC side
capacitor of 1500pF, (iv) the boost inductor of SmH, (v) the
line frequency 50 Hz, (vi) a supply voltage 230-V(rms), (vii)
switching frequency 20 kHz (viii) CCM operation.
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Coming to Example-4, calculate the value of (a) the output voltage ripple and (b) the
inductor current ripple for a single-switch boost PFC converter with the following
specifications, (i) rated power 1000 W, (ii) output DC voltage 400 V, (iii) DC side
capacitor 1500 pF, (iv) the boost inductor of 5 mH, (v) the line frequency of 50 Hz, (vi)
supply voltage of 230 V and the switching frequency of 20 kHz, and (vii) the CCM

operation.

(Refer Slide Time: 05:39)

Solution. Given that: P;=1000W, V=400V, V=230V rms,
C4=1500pF, Ly=5mH f;=20kHz, f=50Hz, V/,, = 0.9*V, = 207V

=T 1000, ap =\[/—°=1690 e 25

AT i ]

D=L to=_—"" " =04825 Cd= lo :L
v, 40 = 204V, 2x314xAV,

Since the capacitor value is given. Hence,

25

1500x10° = — >
2:314xAY,

AV,=2.65V
—

(Refer Slide Time: 05:58)

Percentage ripple in output voltage

%AV, = % =0.6631%

W

_V,-D_207-048%5__,

Lﬁ-f Al__ 20000%Al S
X xAl
s in

@ 2704825 _,
20000x5x10° ——
Percentage ripple in input current %Alg% 0.7%

0 =
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The solution for Example-4 is given in the abovemention slides.
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5. Find the optimum value of AC side inductor and DC side
capacitor for a bridgeless boost PFC AC-DC converter (Two
Switch Boost Converter) with the Tollowing specifications:
(i) rated power 1000 W, (ii) output voltage 380 V, (iii) output
voltage ripple<0.03 pu, (iv) input current ripple<0.04pu, (v)
line frequency 50 Hz, (vi) supply voltage 230 V (rms), (vii)
the switching frequency 20 kHz. o
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Coming to Example-5, find the optimum value of AC side inductor and DC side
capacitor for bridgeless boost PFC converter (two switch boost converter) with the
following specification, (i) rated power of 1000 W, (ii) output voltage 380 V, (iii) output
ripples 3%, (iv) input current ripple 4%, (v) supply voltage of 230V/50 Hz and (vi) the

switching frequency of 20 kHz.

(Refer Slide Time: 06:53)
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Solution. Given that: P,=1000W, V=380V, %AV(J =3%, %Al=4%,
V=230V rms, f; 20kHz f=50Hz. -

Rectlfed input voltage, Vi, = 0.9*V, = 207V

/
=100 gan =R 1000 gy
V, 380, v, 207 —
oV, 300207
v, 3
L~ 263

67 .364F
= 2@ DA PGEY

/VD).  207x0.455
I S s CRY, Y, YTY
7T x| 20000%0.04%4.83 ——

The solution for Example-5 is given in the abovemention slides.
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6. Calculate the value of (a) the output voltage ripple and
(b) the inductor current ripple for a two-swiich boost PFC
AC-DC converter LBndgeless PFC Converter) with the
following specifi catnons S: (i) rated power 1000 W, (ii) output
voltage 400 V, (iii) the DC side capacitor of 1500yF, (iv) the
boost inductor of 5mH, (v) the line frequency 50 Hz, (vi) a

supply voltage gﬂrms), (vii) the switching frequency 20
kHz. ==
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Coming to Example-6, calculate the value of (a) the output voltage ripple and (b) the
input current ripple, of a two switch PFC boost AC-DC converter with a following
specifications (i) rated power 1000 W, (ii) output voltage 400 V, (iii) DC side capacitor
1500uF, (iv) the boost inductor 5mH, (v) line frequency of 50 Hz and supply voltage of
230V, and (vi) switching frequency 20 kHz.

(Refer Slide Time: 08:08)

Solution. Given that: P;=1000W, V=400V, V=230V rms,
~— e e
Cy=1500pF, Ly=5mH f=20kHz, f=50Hz, Vi, = 0.8V, = 207V

-~ e o~
’f) o Lb )25 7
=2 208y 2318,
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Since the capacitor value is given. Hence,

25

1500x10° = —=>
2x314xV,

AV,=2.65V
Percentage ripple in output voltage %AV, = ios =0.6631%

0o

—

ﬂno )207x0.4825 ~ ~
\fxar 20000<A),

Lo

< DTS oo,
20000:5x10°  —

O L 0.99
ﬂ Percentage ripple in input current %Al —W—ZO B7%

— e

The solution for Example-6 is given in the abovemention slides.
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7. Find the value of (a) the AC side inductor and (b) the DC
link capacitor for 2 vitch boost PEC AC-DC converter
(Bridgeless) with the followmg speclf ication (i) the rated
power 250 W, (ii) the output voltage 400V, (iii) the output
voltage ripple<0.05 pu, (iv) the line frequency 50 Hz z, (v) the
supply voltage 230 V (rms), (V|) the maximum swnchmg
frequency 20 kHz under the b condition mode of
conduction (BCM) of the DC 5|de mductor

> [,
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Coming to Example-7, find the value of (a) AC side inductor, and (b) the DC link
capacitor of two switch boost PFC AC-DC converter with the following specification, (i)
the rated power of 250 W, (ii) output voltage of 400 V, (iii) the output voltage ripple less
than 5%, (iv) line frequency 50Hz, (v) the supply voltage 230 V, and (vi) the maximum
switching frequency 20 kHz, under the boundary condition mode (BCM) of the DC side

inductor of this bridgeless boost converter.
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Solution. Given that: Py=250W, V=400V, f=20kHz, =50Hz

Reta=6400

e

ViV 400207 o

For BCM the parame?ers are calculated as follows,

) ows ~49.THF

—2wAV 23140055400 o

f) . R 640
| L, =Dx(1-D) x—=0.4825x(1-0.4825 =2.06mH
vy (1-D) = ( ) e Ll

g -

The solution for Example-7 is given in the abovemention slides.
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8 A smglephase bi-directional boost PFC AC-DC half
bridge converter (also kn kngwnas voltage source converter,
VSC) draws 1000 W from 230 V; 50 Hz mains for a resistive
load. The switching ﬁequm_cmlﬂiza__“ms
3 me The power-factor is corrected close to unity and
PWM modulation index is 0.8. Determine (a) an output DC
voltage, (b) the value of resistance of DC load, MC
mains current, and (d) the phase shift in fundamental
component of PWM voltage arlt_l AC supply ﬂmge

. =
APl

Load
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Coming to the Example-8, a single phase bidirectional boost PFC AC-DC converter half
bridge (also known as a voltage source converter, VSC) draws 1000 W from 230 V,
50Hz mains for a resistive load, the switching frequency 20 kHz, AC inductor is 3mH.
The power factor is corrected close to unity and the modulation index is 0.8. Determine
(a) the output DC voltage, (b) the value of resistance of DC load, (¢) AC mains current,

(d) phase shift of fundamental component of PWM voltage and AC supply current.



(Refer Slide Time: 10:36)

Solution. Given that: P=1000W, V=230V, 50Hz power factor=
1,LF 3mH m=0.8, f-20kHz -

TN
W= VcosS 230%1

X, =wL,=314x3x10°=0.942Q
—N

—— ——

Vo= V742 |=230.036V
0036V _

v

V, =X XI,:=0.942x 4.34=4.088V
R B

—_
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For the half bridge AC-DC converter, the total DC link voltage is
calculated as

224, _2:y2x230036

V= =8133V
m i —
The value of resistive DC load
dc_v_=m_561,50
P 1000 —

The phase shift in fundamental component of PWM voltage and

ac supply voltage
B=sin ( L ] 02
VXV, —

s con

The solution for Example-8 is given in the abovemention slides.
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9. A single-phase VSC based AC-DC bridge converter (also
known as Voltage Source Converter) is used in a solar PV in a solar PV
grid interfaced system with power ﬂow _of 5000 -W-
connected to a 230 V, 50 Hz mains. The switching
frequency is 20 kHz: and AC inductor is 2.5 mH. The power-
factor is corrected close to )_unity and m: maximum PWM
modulation index_is 1.0 to operate it in linear range.

Determine (a) the minimum input solar PV array DC voltage
for power flow from' the DC solar PV array to the AC grid,

(b) the AC mains current. Calculate (c) the power angle
between the grid voltage and the fundamental “voltage of
VSC and the grld current

NPTEL

Coming to Example-9, a single phase voltage source converter based AC-DC bridge
converter is used in a solar power grid interface system with the power flow of 5000 W
and connected to 230V/50Hz, the switching frequency 20 kHz and AC inductor 2.5 mH.
The power factor is corrected close to unity and maximum power maximum PWM
modulation index is one to operate in linear range. Determine (a) the minimum input
solar PV array voltage for power flow from DC solar array to the AC grid (b) the AC
mains current, (c) the power angle between the grid voltage and the fundamental voltage

of the voltage source converter and the grid current.

(Refer Slide Time: 12:33)

Solution. Given that: P=5000W, V=230V, 50Hz, power
L=2.5mH, m=1, f=20kHz.

=2 TIAC X,=ul=314x2.5x10°=0.7850
304

/\ G =<
Vu -szlum

—

cm \, +VLT' 230&‘

The DC link voltage vcc=J2;‘l’w/": 12 *1230 ~326.16 v

o
The phase shift in fundamental component of PWM voltage and

#~ |ac supply voltage ‘
‘:‘) s=sin’| X aop
;-,-—- \ stvcm A

———

The solution for Example-9 is given in the abovemention slides.
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10. A single-phase bi-directional boost PFC AC-DC bridge
converter (also known as Voltage Source Converter, VSC)
has power flow OEM in either direction for battery
energy storage system (BESS) of 360 V connected to a230
V, 50 Hz mains. The switching frequency is 20 kHz and AC |
inductor is 3.5 5 3.5 mH. The power-factor is ¢ corrected close to
unity. The con converter is controlled in such a way that AC
mains current is nt is either in phase or out of phase from AC
mains voltage Determine modulation indices under
charging and discharging modes at t full power. Calculate
the power angle between the grid volt,a,ge and fundamental
voltage of VSC and the grld current in booth modes of
charging and dlsthglng of the battery at full power.

Solution. Given that JQOW Vg 230V 50Hz power
factor-1 0, Vdc-360

Coming to Example-10, a single phase bidirectional PFC boost AC-DC bridge converter
has a power flow of 4000 W in either direction for battery energy storage system of 360
V connected to the 230V/50Hz mains and switching frequency of 20 kHz and AC
inductor is 3.5 mH. The power factor is corrected to close to unity and converter is
controlled in such a way that AC mains current is either in phase or out of phase from the
AC mains voltage. Determine the modulation indices under the charging and recharging
mode at full power. Calculate the power angle between the grid voltage and the

fundamental voltage of the voltage source converter and the grid current in both mode

charging and discharging.

(Refer Slide Time: 14:25)

<. |ac supply voltage ( A
— O=sin’| @ 475
X J

-
LA W
T Veosd 2306
i

X :wL_=314x3,5x%3=1 0990

e

WV
Vi =X Xl —1 099x17. 39'19 1"V -

H 's st

V,,=[VE+V2 j=23079v
N = < e

The DC link voltage V, -“Z_V e
i

m= V2, =0.9066

d

The phase shift in fundamental component of PWM voltage and

The solution for Example-10 is given in the abovemention slides.
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12. Design a single-phase power-factor corrected AC-DC
forward boost converter in CCM (Continuous Current Mode
of conduction approach) with high frequency transformer
isolation operating at 50 kHz with following specifications:
input: V= 1031;403/ rms with nominal 120V, 50Hz, single-
phase AC supply, DC output: V,=160V- 270 V adjustable with
nominal valquO W with output voltage-ripple
less than 2%.

K HF Isolation

Ref. Current Generator

Coming to Example-11, design a single phase power factor corrected AC-DC forward
boost converter in continuous conduction mode with the high frequency transformer
isolation operating at 50 kHz with the following specifications, the input voltage varies
from 100 V to 140 V RMS and nominal voltage of 120 VV/50Hz, single phase AC supply
and DC output 160 V- 270 V adjustable with the nominal voltage of 230 V and 450 W
with the output voltage ripple of less than 2%.

(Refer Slide Time: 16:06)

Solution. For forward boost converter, thﬂlﬁ@oltage

equation is given as,
Given that V,=160-270V
st

And the nominal output voltage, Vone, = 230 V

And the nominal input voltage, V.o = 120 V

Rectified voltage range is from V,,; = 0.9100 = 90 V to V;, =
0.9*140=126V =




(Refer Slide Time: 16:17)
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P =450W and |=Fo-4%0. Vo 230
0T == VYT A R e
oo
=P B0y gen
V. 09x120
— VNN
The output voltage is given by  V,=———"
PUNCIAGE IS QENTY ™ oy

Hence, the range of duty-cycle,0.05<D <
Now, to find out the turns ratio, D=0/.9_5 is taken for maximum
output voltage, V;=270 and minimum rectified voltage V;,;=90V.

@:(NJN‘) = &:01

Hence 521
90 1095 N, e

Now put the ratio for minimum output voltage, V,=160V and
maximum rectified voltage, Viy,=126V.

(Refer Slide Time: 16:36)
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D = 0.78, which is greater than the minimum duty-ratio.
Hence, turns-ratio is taken equal to 1

Hence, V,= V'"x1:> i =L:>D=0.53
(1-D)  0.9x120 (1-D)

—_—

Now the design parameters are calculated for CCM as,

LVD_ 108x083 o

" fAi,  50000x0.05x4.1

_V,D_ 108x053
™ {Aj, 50000x005x1.95
[ S

The design of DC link capacitor is given as,
c=l 5% ) 450

=11.74mH

5 - —=1 4mF
{wo’V'é 2*314.15%0.02*160° —

The solution for Example-11 is given in the abovemention slides.
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13. Design a single-phase power factor corrected AC-DC
erter in DCM (Discontinuous Current
Mode of operation also known _as_voltage follower
approach) with high frequency transformer isolation
operating at 50 kHz with following specifications: input:
V=100 V-140 V rms with nominal value 120V, 50Hz, single-
phase AC supply, DC output-V =160V-270V adjustable with
nominal value of 230 V, P, 5200 W)mtheutput voltage-ripple
less than % T

U

half-bridge boost

Coming to the Example-12, design a single phase power factor corrected half bridge
boost converter in discontinuous mode with high frequency transformer isolation
operating at 50 kHz with the following specification, input voltage of 100 V to 140 V
RMS with the nominal voltage of 120V/50Hz single phase AC supply, DC output is 160
V — 270 V with nominal value of 230 V and power output 200 W with output voltage
ripple less than 2%.

(Refer Slide Time: 17:24)

Solution. Given that \/,=160-270Y
/‘_\
And the nominal output voltage, Vo =230 V
And the nominal input voltage, V, o, = 120V
e

Rectified voltage range is from V,,; = 0.9100 = 90 V to sz
0.9140=126V T
e :




(Refer Slide Time: 17:40)

PN
4

NPTEL

l, 08695

P 200W and |ﬂ— J— =08695A R, __Dzﬂzzs,;vsg
20—

=1.85A
V 09x120 —

—_

The output voltage is given by V= “2“:{[/::) ‘

Hence, the range of duty-cycle,0.5 _/Z<LD_5_(1,95_K

Now, to find out the turns fatio, D=0.95 is taken for maximum

output voltage, V;=270\and minimum rectified voltage V;,;=90V.
— e e

20, (M) R s
0 210%) N =

Now put the ratio for minimum output voltage, V=160V and
maximum rectified voltage, v,,,z—mv” /a"

1601 1

—=1X

126 2(1-D) /

Hence,

(Refer Slide Time: 18:29)
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D = 0.6, which is greater than the minimum duty-ratio.
Hence, turns-ratio is taken equal to 1

Hence, Vo' Vo = 20 _ 1 = D=0.7652
2(1-D«) 0.9x120 2(1-D) =

1-0 7652 x264.5
mm 00 12

Now the design para? j);alculated as,
L 45 8pH

Hence the inductance has the value less than the calculated
value to erfsire DCM. e

/P, 200

C? 5220F
2 W2*314.15*0.02*1602 ==

The solution for Example-12 is given in the abovemention slides.
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120V, 50Hz, single-phase AC supply, DC output: V,=160-27 q/
vV Wnominal valu , P,=350W with
output voltage-ripple less than 2%.

L

HF Isolation
G

Vil

Ref. Current Generator

Coming to Example-13, design a single phase power factor corrected half bridge boost
converter in CCM with the high frequency transformer isolation operating 50 kHz with
the following specifications, input voltage of 100 V-140 V RMS with the nominal
voltage of 120 V/50 Hz single phase AC supply, output DC voltage of 160 V-270 V with
nominal voltage of 230 V, output power 350 W and output ripple less than 2%.

(Refer Slide Time: 19:36)

Solution. Given that ,=160-270V -
-

And the nominal output voltage, Voo, =230 V
/—\
And the nominal input voltage, Vi, = 120V

Rectified voltage range is from Vi;; 0.9700 =90 V to V,, =
0.9140=126V ~ <

MPTEL
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P, 350
= =3 24A

"V 0.9x120

Y a -

The output voltage is given by va‘“z(gfg:')

Where, the range of dg/t?ycle,@

Now, to find out the turng’ratio, D=0.95 is taken for maximum
output voltage, V;=270/and minimum rectified voltage V;,;=90V.

270_(NN) N, /

Hence,
90 2(10. 95)

Now put the ratio for minimum output voltage, V0=160/Vand
| maximum rectified voltage@M‘
{# 160 1 4 ,

NPEL 126 2(1 D)

(Refer Slide Time: 20:26)

D =0.6, which is greater than the minimum duty-ratio.
Hen/“ turns-ratio is taken equal to 1

- ———

Hence, v-vm L = 20 _ 1 = D=0.7652
* 2(1D)” 0.9x120 B

Now the design parameters are c&ulated-a%
108x0.7652

=2.55mH
4

————

Hence the ind ¢ has this value to ensure CCM.

o L N IS
Ok 0 2w00VE) 2'31445'002460°
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The solution for Example-13 is given in the above mention slides.
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17. Design a single-phase power-factor corrected AC-DC
oush-pull boost converter in DCII (Discontinuous Current
Mode of oﬁér’amso known as voltage follower
approach) with high frequency transformer isolation
operating at 50 kHz with following specifications: input:
V=100 V-140V rms with 120V nominal, 50Hz, single-phase
AC supply, DC output: V,=160 V-270 V adjustable with
nominal value of 230 V, P,=1500 W with output voltage-
ripple less than 2%.

——

HF Isolation

L ] gt 1

L ' Vo c
P o | N
oltage ot
I PWM Pulse Genemmrl Controller
1 I

Coming to Example-14, design a single phase power factor corrected push pull boost
converter in DCM with the high frequency transformer isolation operating at 50 kHz
with the following specification, input voltage: 100 V-140 V with the nominal rating of
120V/50Hz single phase AC supply, DC voltage of 160 V-270 V with nominal voltage
of 230 V and output power of 1500 W with the voltage ripples less than 2%.

(Refer Slide Time: 21:27)

Solution. Gi V160270V <
olution. Given that Tl /
And the nominal output voltage, Vgnom = 230 V
. . T
And the nominal input voltage, Vi, = 120 V

Rectified voltage range is from V,;; = 0.9100 = 90 V to.\;,, =
0.9140=126V_ - s

—
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The output voltage is given by va‘"z‘:‘féN')

Hence, the range of duty-cycle,0.52 <D <0.95
Now, to find out the turns ratio, D=0.95 is taken for maximum

output voltage, V;=270 and minimum rectified voltage V;,;=90V.

N N

' 90 2(1085) N,

Hence

Now put the ratio for minimum output voltage, V=160V and _
maximum rectified voltage, V,,,=126V.

T, 1

—=1X

WPTEL 126 2(1-D)
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D = 0.6, which is greater than the minimum duty-ratio.
Hence, turns-ratio is taken equal to 1

NS
Hence, y,= Vo , 20 _ 1
2(1D) ~ 0.9x120 24th

O 4.6 '
9 T 2woV2 *314.15%0.02*160°

omin 5 = G
NPTEL ‘—u i

The solution for Example-14 is given in the above mention slides.
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20. Design a single-phase power-factor corrected AC-DC
bridge boost cE;‘veﬁ.e/r_:_\DCs‘ﬂ (Discontinuous Current
Mode of operation—also known as voltage follower
approach) with high frequency transformer isolation
operating at 50 kHz with following speciﬂcatip?iﬁ_f put:
Vi=100 V-140 V'rms, 50Hz, single-phase AC supply, DC |
output: Vo=160V-270 V adjustable with nominal value of 220
V, Po=500 W with output voltage-ripple Téss than 2%.
e —

L, L;

3

X — ' '
'

- Voltage
[P\\L\I Pulse Genm[or] Controller

Coming to Example-15, design a single phase PFC AC-DC bridge boost converter in
DCM with the high frequency transformer isolation at 50 kHz with the following
specifications, input voltage of 100 V — 140 V, 50Hz single phase AC supply, DC output
voltage equal to 160 V — 270 V at 500 W with output voltage less than 2%.

(Refer Slide Time: 23:18)

Solution. Given that \/;=160-270V

—
And the nominal output voltage, V@mjﬂﬂ_
And the nominal input voltage, Vi, = ?20 V

Rectified voltage range is from Vi, = 0.§f10,(1)= 90 Vo Vi, =)
0.9*140=126V

Mg

NPTEL
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P,=500W,and | =P-5007s 1=Pos S0y goop

VIO,We =0.05x227=0.1135A___

——

The output voltage is given by va‘"z(:l” s
—

Hence, the range of duty-cycle 0.55<D<0.95

Now, to find out the turng ratio, D=0.95 is taken for maximum
output voltage, V=270/and minimum rectified voltage V;,;=90V.
—_——— e ——
Hence, m_ N ST
90 21095 N,

— /
Now put the ratio for minimum output voltﬁe,_\/‘&%nd
maximum rectified voltage, V,,,=126V. =~

%9 160_, 1

—=1x

NPTEL 126 2(1-D)
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D = 0.6, which is greater than the minimum duty-ratio.
Hence, tums-ratio is taken equal to 1
e

Hence, y,= X! 20 _ 1
2(10) 09120 2(1D)

Now the design parame/w i

1-0.7545) x96.91

= D=0.7545

Ly ————————=58.40uH
[ 250000xf  ——
Hence the value of inductance should be less than the rated
valuetoensure DCM. =
= P 500

£ C, = —=1.56mF
ZWDVOM% 2'314.15'0.02:160° ——
NPTEL

The solution for Example-15 is given in the above mention slides.
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21. Design a single-phase power-factor corrected AC-DC
bridge boost converter in CCM (Continuous Current Mode
of conduction approach) with high frequency transformer
isolation operating at 50 kHz with following specifications:
input: V=120 V., 50Hz, single-phase AC supply. DC
output: V=220 V, P,=2.6 kW with output voltage-ripple less

e e

i
than 2%.
e L, ~l;:‘
éJ 1 g
G+ 0
==E A
H D
]
'y
1
: oW <7
Icy ¢ - Voltage Viet
Il’\\'M Pulse Gcncralorl Controller
Vsl
Ref. Current Generator

Coming to Example-16, design a single phase power factor corrected AC-DC bridge
boost converter in CCM with the high frequency transformer isolation operating at
50kHz with the following specifications, input voltage of 120 V/50 Hz single phase AC
supply, output voltage of 220 V at power of 2.6 KW with the output voltage ripple of 2%.

(Refer Slide Time: 25:20)

Solution. Given that AV,=0.02x220=44V  P,=2600 W
—— — _—
And the nominal output voltage, Vg,om =220 V

And the nominal input voltage, Vi, = 120V

—

Rectified voltage range is V;, = gﬂw

£
P20

|=2=—22_=24 07A
o~ V09x120 —~_

¥ / -

NPTEL
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The output voltage is given by |, _ Vs Mo
® 2(1-D)

_—

Hence, the range of duty-cycle 0.55<D <0.95
e

Now, the tumns ratio at D=0.95 is given as,

e

20 (NN) N, 7

108 2(10.95) N,

Similarly, the turns ratio at D=0.55 is given as,

-

-
NN,

20 (NN) N, o —

108 2(1-0.55) N, :

Hence design of boost converter.

{y D05 0.55-0.5)x108
7 [Forp=055, L - m‘)%' 05D g0 7341

50000x24.07x0.05

NPTEL
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For D =0.95,
— _(D05)V,_ (095-0.5)108

©fAl 50000%24.07%0.05

=807 64pH

—_—

Hence to ensure CCM, the value of L=1mH is selected.

L) 18

. 4.

20AV, Bx314.15x44 ——
0 /—

/

The solution for Example-16 is given in the above mention slides.
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22. Design LS_"_‘MEE power-factor corrected AC-DC

bridge boost converter in BCM (Boundaq Condition Mode
of conduction approach) with high frequency transformer

isolation operating at 50 50 kHz with following specifications:
input: V=120 V_., 50Hz single-phase AC supply, DC
output: V':2’0 30 V, P,=1.5 kW with output voltage-ripple less
than2%. — -

=
Sol. Given that AV,=0.02x230=4.6V P,=1500 W
e |
And the nominal output voltage, Vo, = 230 v~
And the nominal input voltage, Vo, = 120V "

Rectified voltage range is Vi, = 0.9*120.= 108 V. //
N e

Py _1500 P, _ 1500
=0V [=2=————=13.80A
(0N, 230 G;S\ZA 'V 0.9x120 38
NC‘F. / -

Coming to Example-17, a single phase power factor corrected AC-DC bridge boost
converter in BCM with the high frequency transformer isolation operating 50kHz with
the following specifications, input voltage of 120V/50 Hz single phase AC supply, and
DC voltage of 230V and output power 1.5 kW with output ripple of 2%.

(Refer Slide Time: 27:21)

The output voltage is given by V= ( N,/N (
- * 2 2(1-D)—

/_.,

Hence, the range of duty-cycle 0.55<D <0.95
Sy

Now, the turns ratio at D=0.95is given as,

NN 4
20_1,(N) N,
108 2 109 N ==

—

Similarly, the turns ratio at D=0.55 is given as.

230 _1 (N/N) N,
y —==1

108 2 1055 N,

Hence design of boost cprivertef,
B : -0.55)2><35.27_1957 .
FrD=05, Lol aa000etof oot
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For D =0.95,

T

S

Hence t BCM, the value of L;;;=19.45uH is selected.
?ﬂoensure /w imin=19.450H i selecte

NPTEL

The solution for Example-17 is given in the above mention slides.
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Summary

* The major shortcomings of conventional AC-DC converters
like high current and voltage distortions, low efficiency, and
heavy AC/DC filters are resolved by employing improved
power quality converters (IPQC).

* The IPQC is classified based on the type of power converter
topology, nature of the supply system, and control of power
circuitry. Further, a compre@ms of various control
algorithms of IPQC is presented.

—_—

* The operational analysis of various types of single phase
unidirectional/bidirecﬁ@\ﬁaast" converter IPQC’s are
discussed with their design procedure. -

* A number of practical examﬁ; of boost I@given with
a view of proper design exposure while considering improved
power quality perfo\rfnayk - i

With this, we would like to summarize, the major short comings of the conventional AC-
DC converter like high current and voltage distortion, lower efficiency and heavy AC-
DC filters are resolved by employing the improved power quality converters, and the
improved power quality converter is classified based on the type of power converter

topology, nature of supply system and control of power circuitry.



Further a comprehensive analysis of various control algorithm of IPQCs are presented
here and operational analysis of various type of single phase unidirectional, bidirectional
boost IPQCs are discussed with the design procedure and number of practical examples
of boost improve power quality converters are given with the view of proper design
exposure while considering the improved power quality performance.
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