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Research on Three-dimensional Temperature Distributionanalysis
of Piezoelectric Transformer

SHAO Weiwei' ., PAN Chengliang”, LI Peiyang' , HAN Zhile' , CUI Yaoyao'

(1. Suzhou Institute of Biomedical Engineering and Technology, Chinese Academy of Science, Suzhou 215163, China
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Abstract: Thermal dissipation problems in operation process of piezoelectric transformer have seriously limited
its development in high-power applications. A three-dimensional temperature distribution of a monolayer rectangle
piezoelectric transformer was simulated and measured in contour vibration mode in this paper. The experiments with
input voltage 60 V,80 V,100 V were setup to compare with simulation result. The simulation result supplemented
the experiment temperature distribution influenced by the solder joint position and manufacture process.

Key words: piezoelectric transformer; temperature distribution; finite element simulation; infrared measure-

ment; piezoelectric material loss

0 3%

s FEL 72 s b R D s L AR 3 e L R R R
REFE 4 B LR AE  FHRF HUMRE e 4 o i BB L S BRI
OIS TR E g AR IR SR R A H Y. TR
Ap s B A T AR L L A A A AR RS A
T LR AT F YRS B ) (A BRI B, A SRR
A AR . BB B R AR 2 R Y I L
s 5 5 PR A8 38 o 2 R O A ¥ B A R 8 T
TR A AR AR P A R R T T A S [
PO X e AR e e T T — RSN . A
e FL AR T A 1 22 2 A D) 1) R R AR
U e T R TR AR R s H K S i
O R 3 A D K S AH I R R
8o X SEHFFE X B T R R TR AR A —E AR
{EH v AR e A D) R — AR T 30 W/em®, 7 B

Y FE HHP.2015-10-13

W E e HL AR 8 1 Ty R % B AT Gk 400 W/em®, X
Tofr S s 0 FHL 95 ) 23R 280 3 11%) 2 BF 2 L 2 oh JR A AR TR A
B AT IR e G A . AR T B A R
A AR LRI AILBR A 2R | 3 S R AR T A6
A Fe FL AR s i oA T G IR B T o e R M B S 5B
WAL e Ja B WAk . 5 8O B AR AR AN BB IE W AR
PR I s FEL 72 s 4 114 4 ) 37 B EOR R 2 1) 56 .
T 5% Rosen Y [& i 28 FE 2% = B B AU (4 #45
Kanayama 14 B JC i 43 81 T #80% 71 40 A5 5 Joo
XiF 22 2 R AR PR 2T RE o A AT T A R JT A i
Kartashev if £ 525043 Hr T i B X0 5 )2 s o A48 J 4%
FRER S X TR A B R PR R B )2 A AR
JEAR 0 = HE R A, EA WA WY, AR SCEEE
FH B B2 58 A8 Fe 45 4 R 43 B e 2 AR 4 R e
7 G BT R R R B 45 5 BR T A ANSYS

ESTH :FXAARFEAES T ER ISR I H (61301041) s YLIRA HARBF 3= 0 455 4 R 3 4 BT ) 9T H (SBK201340405)
YEF B /v 84k 4k (1985-) . L ZRUF M BIWIESE 5 32 B i At 78 JE 45 FLE L SR BE AR RO BT 7Y . E-mail: shaowei@sibet. ac. en, {51
HARVEIE(1974) L BRVE VY22 BT 5T 5 22 0 75 PR 7 AR O] R R S DG IR B . E-mail: cuiyy

@sibet. ac. cn,



528 E o5

FE T T R ) He F AR He g B R 25 S SIE R S I O Ak
FRREIE S50, v LA HER 1T B AR R g as 17
e R B 3 o (T IO VA U = 1 T N s =
A HL R I8 E S 60 V.80 V., 100 V 1y Hs H 748 JE 2%
T A3 A s I 38 3 X N SE B AT T SR UE X6 S 5 A
FLRZIEAT T 2007 X B2 58 B 4R 7Y T R AR T A A
[) AL P9 fF 5 R AR D B AL T AR A AR AR
1 ZRAMNESLTEHZBEA
MR 2 M e i 7 B8 LAY 7 X M3 E A8 A
AR NAE S MRS D R AR &, @l TR
HEL AR FE % A T Ay d 28 e, AR
D = ¢'E +dX
S=d"E+s"X
Ao s™ o M SR IO B s d S AR R H R RO
Mesd' & d )G B 65 A B w BUE RS
JFE AR e R 7E SE bR TAERS s AR B G B E . b T il
5 BT BLSE A A V1A AR R AR ) A A R A
HPR A SRR 2 B e 8 L) it 5 B S o FHNIEE
FHLJE B H

(D

a:4Tf§flfz
f1+f2 (2)
R S
1’3 T

A:0=1/2Q,).Q, A FHE . % IEH 25 M
Js R A RS 25 I 30 A Al o3 O AR A

(— o’ + i) Mu + (1 + jo® K, u +Kyp = F,

{Ki,,sit +Kup = Qs
(3)

o K, o s R A 0 B 5 K, o LA M B 5 B s M
o B B 5 Ky Ry A LW B R 5 g Ay R T A 5
Fo AL TT 3¢ L 0 AR 50 S FAHIE

JFE F BT R ZE A L L F S HUAAR E 23R i 7R 45
/N L P A s s P2 P 8 19 R SRR QT

3 6
Qpp - ZfTESXSo (Eo ),2 tan 5/ + ansE (X0 )IZ tan ¢/
=1 =1

4
e f MR e, 205 A HLH B ¢ R 51 BIL A
KA EZ PR O E AL T AR R X R ) (AR RS B
tan ¢'~1/Q, ;0" AELEA ALK 1 EZEPEFK, S 1E
I J7 DL T HLALRR AR B A AS . TARAE AR AR
A5 A s PR S i AN T 288 Y s v A8 T i 4R R A [
BV AN ] 452 B8 368 IO P4 S 73 78 AN () o P FL A T e 1 4%
eyt B 5 ) H 3 R L S 14 o A TR AT I B
5 AN TR R B 10 s ri 2 s e e e 9 S B L = MR

Oy 2016 4
IEOL B =K HARKE J%. R A IR oT i v] &
BTy b K A

JE L AR i AT BRI B 43 A T AR 1k AT S 2
At A ANSYS JE47 = 4 A BR T LAY 35 i
S3 T S AU A S it I E R A g 3 4 DG G BHL B A
o AR S BRI A e R R R 15 2 3 A BELE
AT DATHARC R AR T B AR B AL ) LA A5 7% L LA
BT LA RS o R X e g RAAA (D) I B
— R Qo KT AR T AT ANSYS 1y #7H7
S RTINS o A D e R B S 3 R 1 25 o TR R

Bl 1 IR RS s s/ . REZE
R SR 30 mm X 20 mm X 0. 4 mm, & 538 1 4 )
AR 32 T A 3 S A A R R A o) —
A VT AR by s S b i B BT SE A Y e H A
BEEINFE 1 iR,

W@E?Zﬁﬂ(gﬁjﬂfﬂ)

B 1 TR TR AR T S 254 R B
k1 EREXK

r804. 6 0 0
AN i
SRR/ 0 8046 0 |x8.85%x10°"
(F/m?)
L o 0 659. 7
rs3.9 7.5 7.7 0 0 0
7.5 13.9 7.7 0 0 0
WIS/, (7.7 7.7 12 0 0 0 <10
(N/m*) 0 0 0 3.2 0 0
0 0 0 0 2.7 0
Lo 0 0 0 0 2.7
r o 0 0 0 10.5 0
H
FEMEF/ 0 0 0 10.5 0 0
(C/m?*)
l—4.1 —4.1 14.1 0 0 0
SR E
&Ef 7 500
(kg/m*)

R 5 1 T 1 s FL 7R i 2 B R % H S 40, 19 31 R
HEL AR i B T R B o oA T AR IE £ BB AT SR L RS B
SE Y BHLJE 2550, e L R R B A F A O L 3l i S
B UEAT T LR FE A A 1 PR Rl ik, 1R 2 ok
7 BELJE A AT R G B3 T 0 S 6 ) ) 3 B 4 ot
2. BT, 25 2O BOE R MR 91. 5 kHz,
S I ) B VPR SRR A 91, 0 kHz, 4% 254 0. 6% . 18
P A R S s B T IR iR 22 1. 6 %0, B fE &
BRI A e 2 R 250 . EL P 20 T g | SR A
IEE I, 1] 2 1 BIR 22 1) BRI



1 A4 24 A5 . s A T e — R B A A B 529

24
21F  —o— SEHWR
— HWRIGHE

15

9
6
3
% 87 85 89 90 91 92 95 94 95
M2 /kHz

B 2 Ay B A R oo Oy BT 58 R0 S 50 0 T PR 4 il £
2 A RF LB

B3 Sk e AR PR A A R R WU R 60 V.,
80 V,100 V T By 477 B IR FE 43 A B, i R 4R AR
Sy 87. 8 kHz, Jif] il 45 ek B X R T 552 96 52 B ) £ 1)
IR B FL P A L R DDAl 60 V.80 V R Y
RN 21,5 °C L i A H R -1 R 100 V 1
BRI N 23 'C, AR R4 M RN
18 W/m’ « °C ./ i FE K 4 0. 008, HLAK &b 5t [H]
o 750, A 3 Ca) AT, A e L AR T AR R R
Bl R 27.1~32.7 C,ild2E R 5.6 C., HIEHEAEL
JE JRERE A B R B BE AR /DN o TR BE ) b B B AR AR
N SR T S B 56 E 5 2 B HL AR R A Y OE A A
(UL 3(h)) . Hi I 3Ce) TN HE AN H A8 T 2 iR
JWH A 31.5~41.4 C,ild2 0 9.9 °C, K 3(dDH,
HEAS e M8 s A I BV [ Ry 38, 7~54.1 C LR 25 N
15.4 °C, WNEI 3 AW mmiREER S MmE vy I
Tia] F19 P A o AN ) DX 3R 3 B 0 A 25 K T 3 s X
Sy v DX M R R R A RE R R R )
AL LK R AT £ 6 i B s i .

;:Té,': ﬁ)\gﬂﬁ
-
i 4 i
(2) i\ LS - U £ D)y (b) SN HL T V- I O
60 VI =4k 60 VI IEAL K]
D

80 VIMIEMLE 100 V¥ IERLE
B3 A BRIo i 5 e v AR e 25 AN ) T A 3L R 40 A T
R T UESEAG B IT A LR B A A TR R A AT A
P FUERA M L {8 % FH % Fluke Ti50 £1 4h #4442 45

ST A A R -l 60 VL, 80 V., 100 V
T AR R AR A DL . & 4 R R AR R AR
ek 43 A 1 2 6 03 O T R AR G R A TR
I Rk 82 T o R e 3K 1) L i R T RO
i 54, Fluke Ti50 ZLAMAGRAEA T R 0. 95
(B% BN —BEUED . S2I0 I o AR R 2 R R
AR A 88. 8 kHz, FIFEAM iR R 1. 1%, AT
PRAIE R B R T A IR &5 SR AR A i i H 30 min.
PR 10 3 e 0 e 3R ) 1 R B R

JBOK 2% ﬁ 1
: TR
>§§ A5 i 8
2 |
(@) LR (b) BB 0 FE Fh A5 P

Bl 4 S R SR HE 43 A 1 S 5 T

&l 5Ca) (b)Y IREE IR BE ARy 21.5 °C . i AHL
JRIgE-IE{H R 60 V, il B LA 25. 6~30.8 C, &
HLZR FE SR AR B JH 25 5. 2 °C s iy A HL JE W60
80 VL IR VLl 28. 0~140. 8 C, K BH %N
12.8 °C. PRISBrE A R AR AL T e H 7 R
HhC DX (5 20 1 s N B R R D) L R
Hh e DX B I 0 Y B 43 A S B0 45 R AR A R R
TF AR R EbRflfE T MR, £
AL TR A3 A AR T KR A . A
THERR B 5 1 B R, 7E A AR -0 (E N
100 V'R ff JE AL A8 R 2% B H: 7 A X 60 VAN
80 'V Jy [l 36 i g % 180° (LI 5(c)) , He i X 35
A 1 AT L7 o 25 S 56 TIE R R 43 A S 6 B RN O X
SR FRAR K e A A% R pR A A R e AR AR
SRR SR A . F A R g1 100 VL, 3K 58
TR 23 °C LR 31, 0~54.7 C, FRHL AR i
WA 23.7 °C, B 5D AR IER T,
KEJF M (y=10 mm, 2=0.4 mm, W& 5Ca) HEZk
fLED IR BEE X k. f & S T KB 1/4
1 3/4 DX B e EL A TR B A AR A A
LRSI 56 FRE A — B, S o R A5 A B L RN AR
TEAEX IR B A A — 2 R, B A H R -0
HM60 V,80 V,100 V, [k B 725 [ 2§ f =5 1 5 5
54.7 °C {8 FHAH R /) b1 Rk 2 5005 B, RS2 56 245 SR DL
P 2 - 136 W P P A P 3 B A 54. 7 C AR X
B BT RS RO i AS K B R H AR R P R
SR WA K . 5 45 5 T T O L R 40 M B R
AR TR g BN R X B A, — i R YRR T
S o 30 R T R A R A



ot 2016 4F

(b) N F SRR Al Yy
80 VI IEAL I

5.0 —v— 100 VER-#E0, {5
—v— 100 VifF-¥5i, LK
vl

(@) MALEGE-EEY  ©
60 VI IERLIE

f

28. 2'0 -} l(Lﬁ%Sm/m:lo 1‘5
(c) %\ HL s -0 (d) 7] L R A 0L, K 7 )
100 VIKIERLE ik B 0] EE th 2%

5 S u K I i A FE % TR FE 49 7
3 HXiE

SCEE X AT FL AR P g 0 PR R 1) = 4 TR )
A HEAT T A PR OGS 560 & 3 B . 38 3 % e HL AR T
AT (18 98 ) Rz R TR AT 4 B P R A A A BHLJE X
JE LR PR 48 B B2 ) 4R A5 0 S8 bR — SR R g L AR
HL 37 R A RS o 1O M R H AR A g — S RE S K
Wl ANSYS [ #53 B7 . 38 15 He HL 28 R 405 i AL T
-6 4 60 V,80 V,100 V [l =R TR B 404 o
3 o i 21 AF A5 AR i AL R - Dl 60V,
80 V,100 V [ H L A% He % il B 4 A A 0 1 17 55 56
TS5 RS BL o e P AR e #8545 1 1% 3 2 4 A S 0 )
IR MEE REA -SRI m 1/4 f13/4 X
R R R LA B R ARG, R AR R A R R A
54.7 °C B AR My DX 38, %) FiL A48 T 25 1 58 S B0 )
AR, S PR AL E RN R 2S5 R
O3 AT T R — 28 15 L 0 LR BE A A 25 R AT DL S IR
RN X LE S, X F S B2 A TR AR e AR AR
DR AT A EE NS E M E.
B E K

(1] ARP5FH, EAEw, 3R o8, JR i A8 R 4% 0 oF 5 ik e [ ]
IREM R 5 #8422 4R 2003,9(3) : 355-361.

YU Liyang, WANG Demiao,DONG Shurong. Progress
of piezoelectric transformer[ ] |. Journal of Functional
Materials and Devices.2003,9(3) :355-361.

(2] B0 M e 4, B A RT3 e i A8 s ) A B
MORER R BARLT ] M2, 2003,17(9) 1 42-44.
ZHAO Ming, HOU Yudong, TIAN Changsheng. Current
developments in piezoceramics used for high-power piezo-
transformer| ] ]. Materials Review,2003,17(9) ;42-44.

[3] #LIE R PR .5 R AR TR 7E8 I 9K 3h
R R BERE LT ] T2 4R . 2006, 34(5) :800-803
HUANG Yihua, YANG Zhi, CHEN Zhirui, et al. The
research on the application of the piezoelectric trans-
former in cold-cathode fluorescent lamp driver[J]. Acta
Electronica Sinica,2006,34(5): 800-803.

[8]

9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

B LA JE YR, R AR T 248 1 DR 3R R R R e i S
[ LT, A4 AR ,2003,22(1) :58-60.

HUANG Yihua,ZHOU Kangyuan. Principle of piezoe-
lectric transform and key issues in applications [ J].
Technical Acoustics,2003,22(1) :58-60.

SHIN H, AHN H, HAN D Y. Modeling and analysis
of multilayer piezoelectric transformer [ J]. Materials
Chemistry and Physics,2005,92(2/3) :616-620.

HO S T. Modeling and analysis on ring-type piezoelectric
transformers[ J]. IEEE Transactions on Ultrasonics Ferro-
electrics and Frequency Control,2007,54(11) :2376-2384.
YE Y,CHENG K W E,DING K. A novel method for
connecting multiple piezoelectric transformer convert-
ers and its circuit application[ ] ]. IEEE Transactions on
Power Electronics, 2012,27(4) :1926-1935.

DU J L,HU J H, TSENG K ]J. High-power, multioutput
piezoelectric transformers operating at the thickness-shear
vibration mode[ J ]. IEEE Transactions on Ultrasonics Fer-
roelectrics and Frequency Control,2004,51(5) :502-509.
XUE H,YANG J S,HU Y T. Analysis of Rosen piezo-
electric transformers with a varying cross-section[ J].
IEEE Transactions on Ultrasonics Ferroelectrics and
Frequency Control,2008.,55(7) :1632-1639.

LIU Y P, VASIC D, COSTA F. Wideb and ZVS half-
bridge circuit for piezoelectric transformers with small in-
ductance J]. Electronics Letters,2012,48(9):523-524.
HUANG Y H.HUANG W. Modeling and analysis of cir-
cular flexural-vibration-mode piezoelectric transformer( J .
IEEE Transactions on Ultrasonics Ferroelectrics and Fre-
quency Control, 2010, 57(12):2764-2771.

HRAL L FEAEAN  H A e v 728 I 4 o 11 B R e e iy iy
ST, BRI, 2008,36(5) :998-1003.

BAI Fengxian, DONG Weijie, XIAO Lei. Analysis of
characteristics of series and parallel connected piezoe-
lectric transformers[ J]. Acta Electronica Sinica, 2010,
36(5):998-1003.

WANG F F,SHI W Z,LUO H S. Step-down piezoe-
lectric transformer fabricated with (1 — x) Pb (Mg,
Nb,/;)O;-2PbTiO; single crystal[ J]. Review of Scien-
tific Instruments,2010,81(4) :043904.

GUO M,LIN D M,LAM K H,et al. A lead-free piezoe-
lectric transformer in radial vibration modes| J |. Review of
Scientific Instruments,2007,78(3):035102-035102-5.
KANAYAMA K. Thermal analysis of a piezoelectric
transformer[ C]//Sendai: IEEE Ultrasonics Symposi-
um,1998,1:901-904.

JOO HW, LEE C H, RHO J S,et al. Analysis of tem-
perature rise for piezoelectric transformer using finite-ele-
ment method[ J ]. IEEE Transactions on Ultrasonics Ferro-
electrics and Frequency Control, 2006, 53(8) ;1449-1457.
KARTASHEV I,VONTZ T. Regimes of piezoelectric
transformer operation II[J]. Measurement Science &
Technology.2009.,20(5):055108.

MEITZLER A H, BERLINCOURT D, WELSH F S,
et al. ANSI/IEEE Std 176-1987 The institute of elec-
trical and electronics engineers[ S]. USA: The Institute
of Electrical and Electronics Engineers,1988.





