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ABSTRACT

Soft Switching Boost Converter
with the MPPT Control Using Newton Method

In-Hyeok Jang
Advisor : Prof. Geum-Bae Cho, Ph.D.
Department of Electrical Engineering,

Graduate School of Chosun University

Solar energy is a clean, a maintenance-free, and an abundant source of
energy. The rapid trend of industrialization of nations and increased
interest in environmental issues have recently to considered the use of
renewable forms such as solar energy and wind energy. Among these, the
photovoltaic energy is unlimited and clean. Moreover it is very competitive
energy because it has higher stability, good maintenance and repair.

Photovoltaic arrays produce electric power directly from sunlight.
Photovoltaic generation is becoming increasingly important as a renewable
source since it offers many advantages such as incurring no fuel costs,
not being polluting, requiring little maintenance, and emitting no noise.

Because of the nonlinear relationship between the current and the voltage



of the photovoltaic cell, it can be observed that there is a unique
maximum power point (MPP) at a particular environment, and this peak
power point Kkeeps changing with solar illumination and ambient
temperature.

Recently, switch mode power supply becomes smaller and lighter
because the switching frequency is higher. But as the switching frequency
is higher, the periodic loss increases at turn on and turn-off operation.
Therefore, to reduce these switching losses, the soft switching method
which 1s added auxiliary circuit is proposed instead of the conventional
hard switching converter.

In this paper, We proposed the soft-switching boost converter and
MPPT control for improving the efficiency of PV system. The proposed
converter was designed by H-bridge auxiliary resonant circuit. By this
circuit, all of the switching devices perform the soft switching under the
zero voltage and zero current condition. Therefore, the periodic switching
losses can be decreased at turn on, off. The soft switching boost
converter was designd for 1.5[kW] solar module of the power conversion.
Thus, this soft switching boost converter was simulated by MATLAB
simulation using Newton Method algorithm. As a result, proposed soft
switching converter compared to a typical boost converter switching loss
was reduced about 61%. And the overall system efficiency was verified to

increase about 3.3%.

vi
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3. Mode 3 (4, =t=<t,)
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4. Mode 4 (¢, =t=<t,)
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5. Mode 5 (t, <t<t,)
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6. Mode 6 (¢, <t<t)
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Table. 1 Solar Array Parameters

Open-circuit Voltage(V,,.) 198.4[ V]

Short Circuit Current(Z,,) 9.15[A]
Maximum Power Point Voltage(V,, ) 171.4[ V]
Maximum Power Point Current(Z,,) R.87[A]

Irradiation(SOL) 100L W/m?]
Temperature( TEMP) 2507 C]
Vo™ Vimar _ 400—200
D... v o =00 (45)
Vo= Vimar _ 400—100
Dy = = = g =0 (46)
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Fig. 31 P&O MPPT Waveforms

Fig. 32 Newton Mothod MPPT Waveforms
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Table. 2 Soft-Switching Boost Converter Parameters

Input Voltage( V) 170L V]
Output Voltage(V,) 400L V]
Power(P) 1.5[kW]
Inductor (L) 560[wH]
Capacitor(C) 20[uwF]
Resonant Inductor(L,.) 40[uH]
Resonant capacitor(C,) 20[nF]
Switching Frequency(f,) 30[kHz]

lin il
(A B ; ; B g

T

: in 4
— Cr =
MPPT

Fig. 33 Proposed Soft-Switching Boost Converter Circuit
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Fig. 34 Output Waveforms of Switching Elements

_42_



-
T

1.20

080

040

0.0

12.00

10.00

8.00

6.00

lin

7.00

7.031 7.063 7.094 7125
Time (ms)

Fig. 35 Gate Drive Signal and

Main Inductor Current Waveforms

_43_



500.00
400.00
300.00
200.00
100.00

00 |

1750 |
1500 |
1250 |
1000 |
750 |
500 |

250

00 |

2
o
o

00LVIel A olVI=Z e
AHAH ] o HA 7L F

2]

fay

2

VCr

IRISy

7.031

7.00 7.063

Time (ms)

7.084 7125

Fig. 36 Resonant Inductor and

Resonant Capacitor Voltage Waveforms

_44_



ol

Y 37 Rl HAE AWE Y A29H EASRYEE YEd Ao,
a9 38 Ajtd FAE AWE Y 29 EAS UEd Aol o]
2929 AS 299" &4 p o=, Xi,,=0° B} FA A 293

Aol AAA o] B s=
A~

X
o,

ol

o] A$ T(on)d T(off)A] TAst= At

Bl A #0 o Mo} £ao] WAGT. AFdeld Ay Azl ¥
E AwEel 294 &4 00067Wlelgith. Asts 2ZE 2913 Auly
EoH 23 W oxa ddF, 99 299 sl Hol A9% £l

0.0026[W]2 duaol e AnEd Hl§ 294 £20] 61%7} %

o_O =
55 ¢ F AT

_N_
P
L)

32

Turn ON Turn OFF|

a00.00

aaaaa

4820.00 as2s.00 4830.00 4836.00
Time (us)

Fig. 37 The Basic Boost

Converter Switching loss Waveforms

Turn ON | | Turn Orr

o o o o
6 o6 o o

Zos i zvs

20.00m

15.00m
10.00m
5.00m \_/

4816.00 4824.00 a832.00 4840.00
Time (u=)

Fig. 38 Proposed Boost

Converter Switching loss Waveforms

_45_



Y 39 dubzlel R~ AWEHY &9 3 ow 39872[V], 3.46[A],

1382.31[WIlth. 19 402 #Itd W EHe E#H3g o= 396.87[V], 3.61[A],

1431.84[W]e] &8 o2 It H~E 7IWE| vl Al~¥l 8] 33%7+%
3} o

A= RE= Blst

500.00
400.00
300.00 Voltage : 398.72 [V]
200.00
100.00
0.0
lo
5.00
4.00
3.00
566 /\ i Current : 3.467[A]
1.00
0.0
Vo*lo
2.00K
1.50K
100k Power: 1382.41[W]
0.80K
0.0K
0.0 2.00 4.00 6.00 8.00 10.00
Time (ms)
Fig. 39 The Basic Boost
Converter output waveforms
Vo =
500.00
400.00
300.00 Voltage : 396.866 [V]
200.00
100.00
0.0
lo
5.00
4.00
3.00 /\ Current : 3.60787[A]
2.00
1.00 :
0.0
Vo*lo
2.00K
1.50K
1.00K Power : 1431.84[W]
0.50K
0.0k
2.00 4.00 6.00 8.00 10.00
Time (ms)

Fig. 40 Proposed Boost

Converter output waveforms

_46_



o =rdlMe 1= e

r>~l

N
L)
(&
>,
[
)
Lo
fol
o

= x°|7] A%

Newton-Method MPPT A|o] € AZE ~913 BRAE AWEE A% th

1. 1.5[kW] el ofgo]2 Matlab Simulinks ©]-&3lo] A A3 1L,
°] 2 Newton-Method ¢i1g]Fs ©]&3te] MPPT Alolstitt. MPPT Ao
H E¥Hv2 Matlab SimcouplerE F3F% Psim pro 802 SimCoupler
Module®] Link nodeE %3}l Psime 2 AAY AZEYH RAE 7BEHY

AABOo ALgatel NBdolH AT

B o=EdA Actd AHE Y] & de 245 S ZVS, ZCS 54 =7
of tatel obmi, Akd szE B wrlel Hgatr] A5t 15kW]
ofelo] & Rlwsli, MPPT Alol& €18te] 7159 P&O Alojsh & =i
8% Newton-Method Ale]& HlwetlaL, At AZEY 294 F2E

AHE S Algdelds S8 32 BEdAds dTsinh

_47_



[1] LEE, JH. Bae, HS. and cho, B.H, "Resistive Control for a
Photovoltaic Battery Charging System Using a Microcontroller”, IEEE
Transactions on Industrial Electronics, Vol. 55, Issue 7, pp. 2713-2723,
July. 2008

[2] Gules R., De Pellegrin Pacheco J., Hey H.L. and Rnhoff J, " A
Maxinum Power Point Tracking System with Parallel Connection for PV

Stand Alone Application:, IEEE Transactions on Industrial Electronics, Vol.

55, Issue 7, pp. 2674-2683, July. 2008

[3] Tschirhart D.J. and Jain P.K.” A CLL Resonant Asymmetrical Pulse
Width Modulated Converter with Improved Efficiency”, IEEE Transactions
on Industrial Electronics, Vol. 54, Issue 2 pp. 707-715, April. 2007

[4] Xinke Wu, Junrning Zhang, Xin Ye and Zhaoring Qian, ” Analysis and
Derivations for a Family ZVS Converter Based on a New Active Clamp
ZVS Cell”, IEEE Transaction on Industrial Electronics, Vol. 55, Issue 2,
pp. 773-781, Feb. 2008

[5] Keoleian, G. A. and G. M. Lewis. "Modeling the life cycle energy and
environmental performance of amorphous silicon BIPV roofing in the US.”

Renewable Energy 28(2): 271-293. 2003



[6] Yano, A., K. Tsuchiya, et al. "Development of a Greenhouse
Side-ventilation Controller driven by Photovoltaic Energy.” Biosystems

Engineering 96(4): 633-641. 2007

[7] Eicker, U. Solar Technologies for Buildings. Chichester, John Wiley &
Sons Ltd. 2003

8] #7138, 8%, A9, 2494, SKww AlSAAF IME e MPPTH

€7, AdEdxsted s =2y, Al 419135, pp.1357137, 2001

£

WA}

[9] &7, “ei<gd wxle] MPPT ¢l gk A", 2

[10] Chang, T. P.”Output energy of a photovoltaic module mounted on a

single-axis tracking system.” Applied Energy 86(10): 2071-2078. 2009

o], ZFul “Newton Method2} A7

Stel Agdl MPPT &9574 47, Wdddrshs] st=dig=ad, 7.10-22

[12] Luque, A. and S. Hegedus. Handbook of Photovoltaic Science and

Engineering. Chichester, John Wiley & Sons Ltd. 2002

[13] =& o] 24, “dgdass”, &9, 2005

i
z
re
4{
off
Al
=
e

[14] 4™ 4, “ZVS Boost TBIE o] =913 &4 A3t



L AALSES] =1, 2005

[15] H3F o] 24, “29% dde A", &=, 2005

sl
El

[16] A=, “© 544 PV A=dE& dzAe] DC-DC dHE", =it
=

HALEES] =R, 2010
07 Aa=, -

el
ek A7, Al ARl =, 2009



our ' OAF oy T FFE T
= B e .
= W 1, = coOl of m BN mnm i
I Y T ST I I < )
~ o —~ . = _ o’ 0 s
N N ' 0 N ;& S mi gl = ol
3 oL o ol o i R o N
Mo N T G < —
o ~ Z0 = . © a . 1 N
Koo o R = = ] e o ;oL
o o _— _~
. m.ﬁ o ) T Fo wm bl AL = X
— N < Nom A ow N
7 X p [LI = 5 < o
B AT =BG R
ur A a o B R
v W CEE o ™™ wM S~ |
50T h Mg 2uo ®F
I G S O
T o T CIRE NI o B g W
ofu M; Z_l o Z_l ~ o
W - % T T = T §@ A
A oKWY = = AR ol ol R N = R =
%S o X Al ! 0 _I o
:E or da — _IL = = o# ) - Mﬂo ~
Tog ¥ Lx MT oo L%
o oM S Ny XN D
Fe 2% 57 gopdET &
— N o 2 o8 N op
» TE xR %,zwmmo@%
M@ Aarow Mm mw = A o mm o T o A
Ensu el e lwkw s g
moA o ° AW W = _ w3
of T W oW T N RIS Ao
~ o} — L oF o oy = o
N I e I I~ T N
st i g = XN X .
o A mW TN a T - & o B oo ZT
WooE oK o) N - - W o op ol
= M X N X 7T Owm OB T N W
® O oo RE R )
T A m T of T T " Ao W N

ol71 7 ¢
A raA @y
2011 124

=

=

H

19} 22

A gAEe s o] 7]

PN
Td

¢}

WA, oAy, o, g,

.



	I. 서  론
	II. 태양전지 특성 및 최대 전력 추종제어 방식
	A. 태양전지
	1. 태양전지의 원리
	2. 태양전지 특성

	B. 최대전력점 추종 제어방식
	1. 최대전력점 제어방식
	2. P&O제어 알고리즘
	3. Newton Method 제어 알고리즘


	III. Boost 컨버터
	A. 하드 스위칭 Boost 컨버터
	B. 기존의 공진형 컨버터
	1. 공진형 컨버터
	2. ZCS Boost 컨버터
	3. ZVS Boost 컨버터


	IV. 제안된 소프트 스위칭 부스트 컨버터
	A. 컨버터 구성
	B. 동작 모드 해석

	V. 시스템 구성 및 설계
	A. 전체 시스템 구성
	B. MPPT 제어기 구현
	C. 공진 인덕터와 커패시터의 설계
	1. 스위치의 ZVS 조건
	2. 공진 인덕터와 커패시터의 설계


	VI. 시뮬레이션 및 결과 검토
	A. MPPT 제어 시뮬레이션
	B. 소프트 스위칭 부스트 컨버터 시뮬레이션

	VII. 결 론
	참고문헌


