PMSAIIBANNDEITNTIAIAZNAINUGTEvaIHTlauag

a a g a a kY ady daa d Aaa
\1Wﬂi“lﬁ’]!ﬁﬂ‘ﬂiﬂ‘lﬂ!ﬂ?ﬁ!!ﬁ?ﬂ!lﬂﬂﬂ?ﬂ?ﬁﬂﬂquﬂﬂQENHTIE!‘LI']J 3 U

v c;J L] J
WganAng wszala

a a dtg I ' d! = (Y] a U a
InentnustiiuaruniisvesmsfnmmunangasiS gy ianssumansuriiunia
a1 3¥ 1 3anssyInih

a U = G
uIngnagnaluladgsuns

Umsanun 2554



CALCULATION OF NATURAL FREQUENCY AND
LOSSES OF CIRCULAR RING PIEZOELECTRIC
TRANSFORMER BY USING

3-D FINITE ELEMENT METHOD

Somsak Vatcharakup

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Electrical Engineering
Suranaree University of Technology

Academic Year 2011



MIMIUANNDEISNT ANz M ugyTevesndonladlwdladidanminstia

1% axy daa d Aaa
'JQ!!?‘i'J‘H!!‘U‘I—!ﬂ'Jﬂ'flﬁ“l‘l/\lul‘l!ﬂf’)ﬁ!uuﬂ!!ﬂﬂ 3 UG

Qs g %

Aa @ = a a 4 - I [ .
wriMIneaoma luTadgsuis eyaia ivInentdwusaiuildludiuvilsvesmsnmn

q

amuvangaslsyaurniuga

AUZNITUMITOVINGHNUT

Jd 1

Ly an A
(WA, 937.91UN aud lag)

Q

1J5LFIUNTTUNT

< ]
(WA, ATIHAD IN1DTDD)

o a a o
NITUNIT (@1%158‘1/]‘1.'%?7‘]&1131/]811!1/\11!‘5)

% a .
(371, AT.TUAYY Qﬁ')i'ﬂuﬂﬂf‘l\i‘]el)

NITUNIT

a [ .
(Hel. 93.030 ganyal)

NITUNIT

(WA AT.FUNBY ﬁ’nmmzqa)

NITUNIT

a Aa Ao 7. I3 o A J.
(7. A3.PNI ﬁilﬂﬁ]TLl\iﬂ) (3¢1. 9.9. 97.0UATT %1uﬂ§$ﬁ1ﬁU)

59993MIVARIEI¥INS AuUAFIINIYIAINITUANEAS



aufng FrszaUld : mammnmnasIsunAuashdnugadsvesndenlas

Iwd Tadidnn3 nyiaraumanuuudieds Il lusisawusiuuy 3 G4

(CALCULATION OF NATURAL FREQUENCY AND LOSSES OF CIRCULAR RING
PIEZOELECTRIC TRANSFORMER BY USING 3-D FINITE ELEMENT METHOD)

I PR 7 < ' 9
@1%1581/]1F§ﬂ‘]9ﬂ : @mamﬁmmﬁa ATINAD IN1ATDD, 218 .

9y a ad a o { A v (4
nieuadlnd TsdiannsnazriminnlumsmunsSeaaseaundaaru i 14

[ [ 1 [ a ad a

mazaudumMIganenaany Taglunaruvuinveanoudaslns ladianninazuilag
[ <3 [ 1 (% o I % g’/
waanu Wi Il undinunansunditadaandsnunanduiundsanu Wi dansa
neaIuIvenveIrlonlas dmiumsdentenasauninaszdsntelugduuuaes
o A o ] d' a Q‘ é d' ] = a a
mMsauazneunlagaziau lurIanuasIsusIa F9UHaNaINIsaUaUenDelsEansnwn
9 a ad a YA o o = [ g’/ Av A a e’dyd Y o
yoendouiladlnd Tudianninldnetasnugyds asiuauiseInetinusiveldims
AMUIUMIAIANNDTITUFIANS DUAUNTIIADINANITNIZ1U0IMANg 1N THazn1InIzaa
Aa A a d a A o a 4
iwanavednsouladlnd lsdianns nria1auriunuy Taguuusiaoaneaaasans
) o 1] 1 H a LY [ 4 [

voaaumsmIduazmoudusuluminiannudsITumALaraumMIANUTURUTIEHI

Y a a d a 3‘, 1 a ] Al
malfhnunenavesndendasIndgTedianns niuezedlugdvesaumsiFieyiusdon
[ [ Yyas Jaa 4 aa di d‘
duauaod Taglyas I Tunoawunuuy 3 alumsvinamas e NILA1U1T0A1ALAT
1 { o a Aa g a o [
#2900 lumsihauvesnteuilas lng laddnnnuazaunsotiiwavesmdng Wi uas

[ a d' 9 o g‘/ o q Y 1 o w =
minszaaFanain ldainmssiassnuirlddszgnaldlumsmiaimidsnugadoves
a adg a o a A a Aad a

nitouiladnd laddnninirulldemsmuianilszansmmaueanioudaslng Tuddnnsn
TasTsunsudmsusiaosnananszaevesaang Iz nmsnszsadanandouTlsunsy

o ' 4 ay vq ¥ ™ A o X ¥
ﬂ1u3m°ﬁ1ﬂ1ﬂ'ﬂllﬂﬁﬁin%W@lhlﬂGl“lfIﬂillﬂﬁiJ MATLAB  NAMNUIVUIDINITDUATIVITOU

Y 9 o =1 [ a
anugnaedvedllsunsuaremsih linSeuiieunumanmsnaaones

I ¥ens sy 1 Moo ¥UNANY

. o
Unsdnm 2554 e ¥D01156NI AW

A A s '
ﬁ?ﬂﬂﬂ%f’]@ﬁﬂﬁﬂﬂﬁﬂi&l'ﬁ?ﬂ
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NATURAL FREQUENCY/LOSSES/PIEZOELECTRIC TRANSFORMER/3-D

FINITE ELEMENT METHOD

A piezoelectric transformer has the main function as an ordinary transformer
in order to decrease or increase voltage level. When applying electric stress on its
input terminal, the piezoelectric material converts electrical energy into mechanical
energy in form of vibration. This energy transfers through piezoelectric materials,
layer by layer, until it reaches the output terminal. The mechanical energy will be
transformed back to electric energy. This process is to operate at the natural frequency
in order to gain the maximum efficiency and low losses. In this thesis, calculation of
the natural frequency together with electric potential field distribution and mechanical
displacement for a ring-dot piezoelectric transformer is determined. Second order
partial differential equations of mechanical vibration coupled with electromagnetic
fields for the ring-dot piezoelectric transformer are formulated and solved by using 3D
finite element method (3D-FEM). MATLAB software is employed to simulate
electrical and mechanical responses of the piezoelectric transformer. Electrical

potential, mechanical displacement, energy losses and overall efficiency are

investigated. In addition, comparisons between simulation results with those of the

experimental test are made.
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