a a v o & 1 a o a o o
W0 Inentiwus ANNANHUTIEUINMINNDTITVIAVAUATANHULINNIZYBINTAY
ad a 3
wosvosnifouadlwiluiieTadiaansngUnsvrwumiulagismsdians

uuv I ludoamud

Ailer 1Y YUNA AANANA
a Y] a ara .
fSyan Imnmaasumtiutia and)
(.'d' 1 an
mmsﬂﬂﬂ‘%nm If. AT, PIYNT MAIATDIT
U
UNANED

9 LY adg a a 4
TumsanymdeudasIfluiieTedmansniondnuilugiUnsvaumiuiiesnind
a a o { ' o 9 4 o 4 ) 9
Yszdnsammshauiauazismasnu lwihguieiounuginssoug nideuadlniluiie
ag a U a o o @ 1
TedaaningUnsvaumudrinnimaianluTvuamsauiesamwuuisalivesasiu ua
' = aa a A o 4 o A o J <
nimdeutlas Wil Tad@nninlimsauiesduqsrunumnnawisoi lddszgna ldilu
~ ag a Y X Y ? A [ 1 a
wloudasldiluiieTedmansn dsusgnumsesnuuy Tagur ldihnasnuezneldinag
a A A v @ o ¥ a a d  w dyd o =1 o o J v A
Uszansnmiuanaieny auinluinetinudaiuiituihmsansanuduius vesvuasal
1 ' 9
AN taz ANuUYeInionlasgiUngauman AU AANURYEINITAUREY 1INTUTS

Y
Aast o @ ad a v W
Anysmseenuuudnyaz Wihveandeutlas I uie Tediaansn laso1doanyazng

Y
=

nszaeaveedng Ilihnmaauluus Inuamsduieaiesielunseonuuy TunszuIus

e Aa X J a
Anwinsuainaduaz Idazreuauyane IWihnuvesdlsznouaen

] 4 % @ J 1 o
HARNTINNITANEIANUFURUTTEHINVUIATAY AUATI AL ANUKRUIVDI
v v ] [ Y
UMY AU AIANDYBINTTUNDI WU ANV IMIFUR 0 TuVUAUVUIAU0 IS AT U924
URIULRUUIAANUNANUAZANNHUIVNUHIUTAIAIN TUN AU UAIANINAYDINTTU
9 = = d‘ 9 = da! d‘ =
NoINILUAIAAAUNDVUIAANNNI VDI HIUNAININVY TUVUZNANUHUIVD NN IUL

A109n Tuiueufe 1A UAINNUDUDINITUNDIL AN UL BVUIAANUHUIUDIIAULH U]



Y ' ]
ANy u lurazNIUIaA1UN 19U UHAUNAIAIN FIMTUNTANYINITDOAULUAN YUY
] ag a v v J 3 {
1 lWihvesnilentad Il uie Isdidansalagodeanyauznsnszanearvesdng luin'1¢

o 4 1 o w v o o
INMIHINIUVOUT IHUADT WU fﬂﬁ‘LﬂaﬂBil!3ﬂTiﬂﬁ35]1ﬂ@]?ﬂl@ﬂﬁﬂﬂ?\l%‘hﬂ]@ﬂiﬂﬂﬂﬂ1iﬁu

=~

[ 1] Y ]
Noamilandoamsueonuuudnyuzy I nasandsenuy sz 19 lduitoudad Il uie
Y

ad a 1 o 1 { < @ 1 { Aa A
Tgdaansniansomanld a mnnudmsduiesluInuadinanniidsedniamgaun
' < J A ' = ' ) g Aa 2 Y
0613 13naw 15 Tpumesiissed1uae) luawsanaas Tvuamsauienavuainau 1ady

= aa a = ] ] y A A ' 4 a I~
e lsdaansn 3 Ivuamsduieunartin ludsinglus TenuaeserunailuTvue

9
Y

o o ) { a3
sunulumsiaulundoudas i dniuddldiimsdnu Ivuanmsdusiosnidlu 114
gjj [ 1 { o ] ad a ]
nruarumMIma loinuvesnnuddmiuiie TediaaningUns v lasunsulownu

[ H @ < d v Y] 1 [
Trua@nud lonugunuanunuivesunaud) iulsdduues dasiaiuszninanu

v 1 = Y3 1A
ﬂ'J'NsU@\‘]'JQL!W'Juﬂ@ﬂ'J'HJWu’]ﬂl’ﬂﬂ?ﬁllﬁ?u(W/t)) “If\illﬂﬂzuﬂﬁl]ulﬂlﬂUTﬂiJ@LWﬂalﬂlﬂug'nJ

Uszinnvesanud lenunuanasnuegaosszion as Usznnusnainamd lenusz g
Aa 1 [ A a1 Ty 4 A 1 A = "9 a
anudiuananule wit imguggue uazssnniidesainnud lenuvziiaigdinnud

U

) 2

= o A = ] J 4 A o o 9 I Y )
Reanuiie wit ingiggud Tasnsaestlszianzlidanyazvesnuamsaunouiulans
4 4 < & Y y
LHJ‘]JTmJﬂm‘jﬁumllEﬂ’JWiE}TmJﬂmi’cmGlmmN u’t’]ﬂﬁ]’lﬂu]‘lﬂLﬂuIWNﬂ]lﬂﬁ]ngﬂiiJﬂﬂllﬁﬂ\ﬂ‘ﬂ
< R a A ] a ~ ad a A o
mumuanmﬂﬁmTm°]5’Jﬂﬁl,umiaeﬂl,mmlmmlmlﬁ]ﬁnmmﬂimﬂgaﬂﬂiﬂgﬂﬂim\mwauﬂﬂ1

Tnsmauveanoudaslwihilsen Tvnuasuniu



Thesis Title Relationships Between Geometrical Parameters and Resonant
Characteristics of Ring-shaped Piezoelectric Transformer by

Finite Element Modeling

Author Mr. Chumpol Supatutkul

Degree Master of Science (Physics)

Advisor Assoc. Prof. Dr. Yongyut Laosiritaworn
ABSTRACT

The ring-shaped piezoelectric transformer is one of the most interesting
transformers due to its good performances and high power compared with the others
structure. The ring-shaped piezoelectric transformer usually works with radial modes,
where there are many available resonant vibration and different electrode designs yield
the difference performances. Therefore, in this thesis, the relationship between the
resonant modes and the ring dimensions, e.g. ring radius, width, and thickness was
investigated. Then, the appropriate electrode layouts designed for the transformer
implementation was proposed. The study procedure of entire thesis based on Finite

Element Method (FEM) and lumped equivalent circuit.

In the study of relationship between ring dimensions and resonant frequencies of
ring-shaped piezoelectric via the resonator, the results show that the resonant
frequencies, in the ranged studied, are independent of the inner or outer radius when
holding both ring width and thickness at constant. However, the resonant frequencies
decrease with increasing the width or thickness. The design of ring-shaped piezoelectric
transformer using the electrical potential distribution given by the resonator as the
guideline was investigated. The results show how to implement any desired resonant
frequencies in transformer with enhanced performances. However, all resonant modes

could not be revealed by the resonator, where the hidden resonant modes may emerge as
f



the spurious mode in transforemer operations. Therefore, all of eigenfrequencies related
to the width and thickness were extracted via eigenmodes diagram (eigenfrequencies
multiplied by thickness (ft) as a function of width to thickness ratio (w/t)). The diagram
reveals two distinct types of the eigenmodes in ring-shaped piezoelectric. The first type
has the characteristic that the eigenfrequencies go to different resonant frequencies
where w/t approaching zero, but the second type has the characteristic that the
eigenfrequencies collapse to the same resonant frequency. Moreover, the eigenmodes
diagram suggests the designing criteria for the ring-shaped piezoelectric transformer to

operate with low spurious modes.



