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Optimal Design of Piezoelectric transformer for High Efficiency and High Power density

Jung-Moo Seo, Hyun-Woo Joo, Hyun-Kyo Jung
Seoul National Univ.

Abstract - £ =&AME 43 249 5329
o83t £ AFY A WPy EAL ML
9 o]lE 53§ dojd ZAnE rvte g oy Pudxs)
A7) B 7AH A AFS ALEG. AE 2x2A
A EE A Wgrle B3I 5 EA BHd pgsie
g3 AV /s Wi oF 23 J5E e
23} HEFg o] &3ty A AN E sy

.M £

A7 71718} AR FA 7ol FEER WA ue}
71719 233d dE B4dol JAFHL slch kA Wgt
71 71€9 Wv)e vimate] 233} 8 AFgs} s}
3 B2 FuF dgdN FIAE & dow, g
SY¢ug FHUEE ZHAT AUH1-2] F 49 AFe
E 28N gz 74" ¢ berle bR A
o3 Y4E 7IAA AFL o83t WA AUAE
Agshe Aot £ =RA 478 &% A5y ¢
A AR7E 3 2Ye 4R Arkd A@H i)
QLA Bl o3 J)AH JFE desl1, ZE Y
o =Yz A2E JAFo] &% A o5 H7H
g 298 2AAN7A 8o ol & AFF ¢A
Htrle J/=E F2E A3 YYES} FER B
A€ 37 F A3, Zo] AT o) wis] Ay R
ZIAH AAF k7t Xt TEE YA AR I
34[3]. &3 JTF ¥HV1Y 7R Fee a2 19 2

Coromon electrode

29 1 &3 Y ¢4A Ayl =

Z1€9 A Wy A whge A FHA 540
U 7k AANEY BAE nIA RS A o
FolF st dRERoIAt. S 9% M w
He giAdez 44 ¥stryg A48 AN + Qe
g, B ot AZY g e Az 23
glem BEA FFq st AL Folrie AAHL
AV AZEY @HE 29 F oo B =EqA4E
EE AANSE TA ny3EAM w2a A 3y
32 P37 Y3 oF EAYFEE 2 gAY ¢
I1HES AHESETA). B3 d5ze 94, & 28
I 2xise H2IE I H3le AgY 29
T2k wjHe] MYHQT, TEE YA EHI
A, 532749 ZVS(zero voltage switching)& 9+
ZA1717] 93t 28 A7) 2 71AFH 2gAs -

HAcHs] ¢ Advle) Y e #@
% 37t B2 S olggen o ZAAE 4¥yF v
w23t HFeRAT

21 2N AuHA sy

A AANZFHQY YA AE YHWU2 analyzerE 5
) APdHoz 4A AFE F Ye EFol =T &
AA Y dHAA NS 53 GHAANY TR EHN S T
A Fugo A 2445 ¢ £ At 73 949
< 5% dydx AL (DI go] AFAAY 9%
AslEs} A9 9te) vlE o] &3t Al4tEcHs)

Aw)= ?a)z)) o))

a9 2k % 229e 53 7@ ¢A W7)FQ
AP 33 Aol ¢ IPP: %Yo viaE
Jean, £3 Q9Hs 38 $4e Fa 19 29 A
4 zde) d@ T2 Fa50 BHFY FA5E 7Y 5
At #8 2AWE &8 A4 Ane Fu 24 [6]
AN A8E A8 AR} FAF ¥ Yz 1
Y29 AWMUz FyE B wFolNe) 48 axy I
Aol BREe nezc

-
g
i

Tmpedance|Q]

-
-3
.

! N i
|- —experiment;

(X} os 1o 15 20
Frequency [MHz]

a9 2 doida e Hm
22 24X Her|o duHA Y

29 3¢ 4yl ds 1 BYel AFE GAAY &
F 22 WML Fo e %A W79 FEX L 2
Aol YWz e dsdt agaN REvs
2ol 75¥ 2% wARe] 2 L WFA FIFE ¥
13)9) AY@3 A FAHE ke Rk My B =
2o shis) 2APF2 HEE A7 2 JAH A
A = Ak e A @2 ARA B &
@ a8 A4 59 o9 2HEL SANYR 2

- 46_



&ste] o WrlY FUHEE F4Eo] BF ALtdd
(7129 4% 67.05 kHzY T3 Fa5eAd b A7)
o] Rxs]A Aztoltt

1906906
100000
10006

108

100 - 5

TImpedance[Q]

=% input impedance
»- output impedance |

o 2 o 8 awe
Frequency [kHz)
a9 3 ¢ dgvle duhs iy
M7 EPolE Alol2: 315mm x 31.5mm x 25011
5 99 WAEE 27 95mm, 1lmme]th.

SRR

X1

A Wl 49H 24
fr_input [kHz] 66.75
fa_input [kHz] 70.15
fr_output [kHz] 64.95
fa_output [kHz] 70.15
keff 0.308
Zout [Q] 1186
Efficiency (1kQ 2] 28 dAZAA]) [%] 97.21

3% 4. FR Fopexe] BE A

Satel watol opE ofM Wevlel FE AL

F% 24093 57 J2YS o) & ANE Iz
FEE o83t Fale] wistd o WHArY T F
G55 AR I8 504 ELH}Q} 7ol ZZJ Ry
Fe Pzt FUH w758 *Xl T2l
66.75 kHze| ZH3s] 7= 7,;!% B 2 ot} o] AT
7122, ¥ste FRFIg5d os) 798 *ﬂﬁlia
o] &3t Aidg W o] ¥ 7°ﬂ vrebgich
BaAgo] 125009 u 99.37% &Itﬂ Ego] oA
Ve Ri=1/we,, 4w AW &L ZEvs oy
W) g g siaA 2o Avet At
R

R{l+(@R:Cou)* N*}+ Re @
B =FedA ALgE g s Bo) e 11780¢]
Aol F 1M Mdve] 28 G 11860
HE A TS Mtk F, Fa et ¥y
A2 28 oI Ao v % goly Ro old s
2P Dgol AT LAze AAZ Ha oz
HEk 548 Hoyd "k Hz Ao~ mjHL B
=iA Zdﬂ 2 AN AZAF ol A A=
o ® vg A7 "k

o

77_—_

- 47_

Resonace frequency [kHz)
P A Y
2 8 2 2 2 & 2

@
o

10 1(’)0 H’)‘OO
Loading resistance R, [Q]

1Y 54 wE 3 F -?° Lk
1004 ————
95 |

P 0/.'

A

2

S o

£

Hogs
70

10 160 10‘00

Loading resistance R, {Q]

% 6. Ratel wE 289 W3

3. g 2zt
bo1e) Abgol Solude] et thars ZA B
B W] HAPE 7R Y B =AM
e v ol § 8 %M w/}ﬂi'ﬂ, ae
2 F& Ze A3 A guHFES o83
AN A HAHE FPstuTh

31 B8N B4E 2E N MY

< A, Y, H59 *117}11 HHheoz °l
om glov), Bl HARE FolF & Un WE
54€ UrEMW] g H25) "“ﬁ"i 2 01%51
leHgl B wEdAe g =g VEoE gF
HAFE A% MEZE HAXNH 71N ol gt ghad
Hgg FHstAtH4l H&R enddEe A
tod ofefob 22 AF 7L AHEHAY.

f(x)= Z‘“ 4000 Hcos(x,/f )

j_ig




2 ¢xndF: £3 23

Number of variables 2
Number of total iterations 100
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Length Inner circle radius | Outer circle radius
Min. (mm) 275 9 105
Max. (mm) 355 10 115
4 d2dF 5+ 22
Number of variables 3
Number of total iterations 50
Number of members in elite set 10
Number of children per each member 3
Number of initial population 30
Number of shaking popuiation 5
E 5 s dxt
Solutions 1 ' 3 4 5
Length 3360 3458 3356 3217
[""r:rdifl‘fle 938 955 993 998
O“'fa;iﬁ‘sme 1148 1122 1145 11.47
Zoww) 1023.1 1000.3 1005.6 1028.7
ket 0.311 0.316 0.312 0.305
Efficiency (%) 99.30 93.14 99.30 99.32

3

o
Aol W7 B VA 2F AFS JIE2 o
BRgse o A AY ¥4 4AE &3
o,

(1]

(2

(3}

(4]

(5]

(6]

7

(8l

- 48_.

4.3 B

Mol 54 ML o8 4¥Foz AT
g FMez TOF BRUYFE 2E s A
5P

O o i ok
3R tio tjo 38 £

O.Ohnishi, H.Kishie, AlIwamoto, Y.Sasaki, T Zaitsu,
T.Inoue, "Piezoelectric ceramic transformer operating in
thickness extensional vibration mode for power supply”,
IEEE Ultrasonic Symposium Proc., pp.483488., 1992

Eddy Wells, "Comparing magnetic and piezoelectric
transformer approaches in CCFL applications” Analogue
Application Journal. Issue: Q1, 2002

JH. Yoo, KH. Yoon, SM. Hwang, SJ. Suh, ].S. Kim
and CS. Yoo, "Electric characteristics of high power
piezoelectric transformer for 28W Fluorescent lamp”,
Sensors and Actuators, vol. 90, pp. 132-137, 2001
Chang-Hwan Im, Hong-Kyu Kim, Hyun-Kyo Jung and
Kyung Choi, "A Novel Algorithm for Multimodal
Function Optimization Based on Evolution Strategy”,
IEEE Transaction on Magnetics, vol. 40, No. 2, March,
2004

M.Sanz, P. Alou, R. Prieto, JJA. Cobos, and J. Uceda,

"Comparison of difference alternatives to drive
Piezoelectric Transformer”, Proc. Of IEEE Applied
Power Electronics Conference (APEC’02), vol 1,
pp.358-364, 2002

Reinhard Lerch, “Simulation of Piezoelectric Devices by
Two- and Three-Dimensional Finite Elements,” IEEE
Transactions on  Ultrasonics, Ferroelectrics  and
Frequency Control, vol. 37, pp. 233-247, May 1990
Hyun-Woo Joo, Hyun-Kyo Jung, “Analysis of
Piezoelectric Transformer by using Finite Element
Method and Equivalent Circuit considering Load
variation” JEEE Ultrasonics Symposium, pp. 459-462,
2001

T. Bick, "Evolutionary Algorithms in Theory and
Practice”, Oxford, UK.: Oxford Univ. Press, 1996.



