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A Study on the Constant Voltage Transformer

for Buck Converters

Jeon Su-Kyvun

Department of Electrical Engineering
The Graduate School of Korea Maritime University
Busan, Republic of Korea

Abstract

Recentely, the size of electrical, electronic, and communicational
devices are becoming small with development in LSI technology.
Accordingly, outside noise and voltage fluctuation of device are
causing fatal damage to the devices. And so, constant voltage
transformer(CVT) such as AVR and UPS are adopted to prevent that
kind of damage.

In this paper, CVT 1is investigated at the input of converter for
stable input voltage. When input voltage of CVT 1s changed from
180V to 240V, the fluctuation of output voltage is about 2V. And so,
Buck converter can be supplied stable DC voltage through rectifier.

Because output voltage waveform of CVT 1is flat top, its r.m.s. value



of voltage is almost the same.

Designed CV'T 1is installed in front of rectifier and Buck converter.
To minimize THD of the system, input filter is designed and inserted
on the basis of extra element theorem.

Based on the analyses, a series of simulation using the MATLAB
and PSIM 1is carried out and an experimental system 1s designed and
fabricated. As a result, when input voltage changes from 180V to
240V, output voltage of the buck converter is stable. And THD of

converter 1s within 8%.
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3.2 Extra Element Theorem

Extra Element theorem-> U E{ A g A A3 d27F F71E S of
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Transfer finction Transfer function
G(s) |zm—-w G(s)
— =
Linear circuit - | . Linear cireuit | N
Vi($) Input Ouiput | v,,.(5) V() Input Qutput | v,,.(s)
Port — Port —
1

——

Open-circuit

(@) original conditions (b) addition of impedance A )

Fig 3.1 How an added element changes a transfer function Xy
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Transfer function Transfer function
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Linear cucutt |, N Linear circuit | +
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(a) original conditions (b) addition of impedance A )

Fig 3.2 The dual form of the Extra Element Theorem
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Zp(&‘) = M (3.5)

Z( S) ”/n(&) =0

T - A 2 = [e) -
Bz (95 o, (97h 0% W EEVR Abole] AL Ry
Linear circuit | . Linear circuit —o_
v,(5)=0 Input Output | v, .(s) v,,(5) Input Qutput V() = 0
—_— Port — Port —
Short-circuit 1

L o= V()
+ v(s) - =0 +(s) — Zy(s) = i)

: Youl(#) i 0

i(s) i(s)

(@) z,(s) is the Thevenin-equivalent impedance at the port,
and is measured with the input p,(s5) set to zero

(b) Z(s) is the impedance seen at the port under the condition
that the output is nulled

Fig 3.3 Determination of the quantities Z,(s) and Z,(s)
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Table 4.1 Parameters

Items Parameters
Input voltage(Vi,) 180V ~ 240V
Output voltage(Vs) 220V
Frequency(f) 60Hz
Power(W) 1kVA
Efficiency(n) 85%

¥ 459 Zol VR IREE MEOR % 419 FE 7HA I ok et

A NeR ‘ﬂ'ﬂ]i 3| ﬁ]% 3]_ gir/]_[m][ls]'

2
_ (V)™ (150x0.95)%(0.85) _

Step 2. 284S o] &3t capacitances T34

1 _ 1
0.332n)2,  (0.33)(377)(17.3)

C= = 464.7x10 [ A (4.2)

Step 3. @A+ 13} 3 AFo] 9] capacitances - 3+H

_28_



2

= = x10 = 35%10 " °[ A]
Ciy 3 (550)° 10 35x10 " °[ A1

mek A BEZPA 30 ug660V)S AFEE ) V13e thSah g

_(464.7) (150)° 12 _
Vis = %fm)”%( 0 )2 =590[ 7]

Step 4. Z A T2 A{<e

7.=1.5V.wC= (1.5)(590)(377)(30)x10 *=10[.A4]

Step 5. A S o] gdte] 245 AFE Fohd

_ w1000 _

bl

ofr

Step 6. WetA 1235 AFE A4

L= =B A g0 = 1170

Step 7. CVT 7t winding®l VA% A4 pE Fst4
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P= VA, + VAy+ VAl M

VA, = 7,V,= (11.7)(150) = 1755[

VA= 1 V.— V,)=10(590 — 150) = 4400[ (4.8)
VA= 7,V,= (4.5)(220) = 990 /1

P,= 1755+ 4400 + 990 = 7145[ M

Step 8. ¥ gh¥ Fxstel WA 4,5 T3

g = (%)1.14 WY 7145x10* Yl
4 4,448, /1 K4, (4.44)(1.95)(60)(0.4)(534) (4.9)
=1592[ en'] '
Step 9. 4,3 FERe] Y 2AF HFaokE Aesw obelst 2
=
EI-226  A,=2000[ cx'] (4.10)

Step 10. Faraday's W2 & AF&3to] 1245 H5& A4kt

P 3 U 15010
27 4M4B,A., T (4.44)(1.95)(37.8)(60) 41l)
= 76 turns) '

Al %kst A

el

Step 11. AFLE J
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J= KA, "= (534)(1600) " "2 = 220[ A/ c#d’] (4.12)

/
Aun=" =k = 0.053[ '] (4.13)

Step 13. Aw(B)®] wire &3t2 7HAil £+ wire size(AWG) ol A 3t

H(d 7|4 wire & 7tE Y wire sizeZ} =2 ¢kd)

AWG NO. 10=10.05261[ e°] (4.14)

bl

ol

Step 14. capacitor® F7} AXF= AAk

% V.—N,= L 590 — 76 = 223[ turzs] (4.15)
»

Vo= 150

Step 15. capacitor®] F7} A4 @A S Aiksld
Lo 10 2
Aun="7 =99y =0.0455[er] (4.16)

Step 16. Aw(B)®] wire &3t2 7HAil <+ wire size(AWG) ol A 3t

=

(A7) A wire & 7tE Y wire sizeZ} 2 ¢td)
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AWG NO. 11 =10.04168[ c#’] (4.17)

bul

ol

Step 17. 221 ©1+E AAL

W, 76
No="p Vi= 5y 220 = 1100 teerns] (4.18)
2

Step 18. 22+ winding wire & 3+& AZtetd
Ay =2 =45 0200 (4.19)
“ABT 7T 90 T Ui :

Step 19. Aw(B)Y wire 32 7HA 3L %5 wire size(AWG) el A -3}

3
(o] 7)1 A wire & 7FE T wire sizeZ} =1 ¢tE)

AWCNO. 14=10.02082[ cn’] (4.20)
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o Yol AA WEsitdE dAT DCHAYS 25 T U=
Aol 9
7+ 7y o] ke Table 5.1 YERY LT,
Table 5.1 Parameters
Items Parameters

Input voltage( 1) 180V ~ 240V
DC Output voltage( v,) 50V
Switching frequency(f) 100kHz
Inductance of the CVT( £,) 0.023H
Capacitor of the CVT( ¢;) 30 uz
Inductance of the input filter( £ ,) 330 u4
Capacitor of the input filter( C,) 470 u g
Capacitor of the input filter( ¢,) 4700 u &
Resistance of the input filter( p,) 1Q
Inductance of the converter( ) 2 mH
Capacitor of the converter( C,) 220 n
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_38_



uuuuu

uuuuu

nnnnnn

Fig 5.3 Simulation waveform of without CVT

Fig 5.4 Simulation waveform of with CVT

_39_




oy

27

Fol 180V ~240VE W s Aol =

BRI

0]
H

A

Ao 2 A

el

ol

—

0

EK

ﬂl
o

=

it
)

X

o

o

}S Buck v Eol ¢

Gl

CVTe %9

3 7

©
=

T, werd o

=els

Al & o) A ofl M

hE

3+ Buck

kol A Al et

5.5

a4

bol ERA ARRlo] 3

A 2

A A

2w E Rt

& CVT Al

)

s

d

Buck ¥ €

[~
"o

47

e e A

el

jase]

=N

H
N
I

)
o~

TR

1

=
=

A A=z "gEZY 29 THS720P

H]
S
!
Mﬂ

-
R

ARoem Table 5.2

"

w

H

!

B
T

o
X

224 o] F

ol

el

w

_EE

_40_



™

e

Buck AWE A

att 18 582

=
T

591 %

gl o] ] ol A

el

CcvT A

&

R
R

-

ol
or
o
el
ojn

—

0

+
oy
gH

Fig 55 Photograph of the Buck Converter

_41_



Fig 5.6 Photograph of the experimental apparatus
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Table 5.2 Odd harmonics
@9 [%]

a1z 3}
o o 1 3 5 7 9 11 THD
oS T
Without

) i 100 20.19 2.57 3.00 1.97 0.54 20.83
input filter

With
input filter

100 6.14 3.95 1.58 1.51 0.33 8.00

2003,10-.22 13:39:52 [ niok  Mormal
Styppped 3088 Z00kS/S  SNSAiv
; ; <% Main 10k 7 o : ; CH1 16:1
: ; : ] 20.0 Uadiv
: D¢ Full
b\
T S PO PP
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fAuto
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ax(cl)  49.16670

Fig 5.8 Voltage waveform for output
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