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Trajectory of Resonant Displacement of Thickness Vibration Mode

Piezoelectric Devices According to Diameter/Thickness Ratio

Yeongho Jeong'?
! Department of Electrical Engineering, Chungju National University, Chungju 380-702, Korea

(Received January 11, 2012; Revised January 17, 2012; Accepted January 20, 2012)

Abstract: In this study, thickness vibration mode piezoelectric devices for AE sensor application were
simulated using ATILA FEM program, and then fabricated. Trajectory resonant displacement and electro
mechanical coupling factors of the piezoelectric devices were investigated. The simulation results showed

that excellent displacement and electro mechanical coupling factor was obtained when the ratio of
diameter/thickness(®/T) was 0.75. The piezoelectric device of ®/T= 0.75 exhibited the optimum values of
fr= 183 kHz, displacement= 4.44 x 1077[m], kss= 0.69 , which were suitable for the application of AE

sensor piezoelectric device.
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piezoelectric device.

Fig. Specification thickness vibration mode
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Table 1. Physical properties of PZT4.

Material constants PZT4
Density (kg/cm’) 7,500
s (10°N/m) 12.3
s"12(10 2N/m) -4.05
sF13(107N/m?) -5.31
sF55(10 N/m) 155
sEL(107"N/m?) 39.0
di5(10 2C/mr) 496
dn (10 %C/mr) -123
ds3(10 2C/mt) 289

© Y. Jeong

Fig. 2. Simulation of thickness vibration mode
piezoelectric device.
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Table 2. Resonant frequency, displacement and Kks; as
a function of ®/T(thickness:5.05 mm).

Resonant Ant Maximum
Diameter  THickness Resonant " k Volume
OIT  Frequency Displacement 53 3
7} M IKiz Frequency il [mmr’]
[Kiz
15 505 080 198 394 238107 0.691 u
38 505075 90 385 266x107 0.686 101
505 505 1.00 m 364 205x107 0.609 05
155 505 150 1) 92 W10’ 0592 404
10.1 505200 200 P21 150107 0574 9
126 505 280 169 200 186107 0.562 009

Table 3. Resonant frequency, displacement and Kks; as
a function of ®/T(thickness:8 mm).

Anti-

Diameter THickness Resonnt Resonant ?hnmum k Volume
OIT  Frequency Displacement B 3
ld m KH Frequency | Ly
(K
1 § 0% 191 51 4051070686 %
4 8 050 188 6 388x 107 0.682 100
6 8 075 183 13 44x10” 0.695 06
§ § 10 175 10 48307086 g
10 § 15 16 m Ml 0 gy
12 8 150 151 184 190x 10 0.610 004

Table 4. Resonant frequency, displacement and ks; as

a function of ®/T(diameter:10 mm).

Anti-

Diameter THickness Resonant‘ Resonant :\lanmum k Volume
QIT  Frequency Displacement 4 3
ol IT] (K] Frequency n] [mm’]
[KHz]
10 2 0.50 75 99 365x 107 0.690 1570
10 133 0.75 110 146 672x10” 0.694 1044
10 10 1 140 184 s54x107 0,686 785
10 5 2 0 "W 1485107 059 k)
10 K X m 28 a0’ 036l 35
10 2 5 26 b3} LB3x107 0545 157
10 1 10 8 264 104x107 0.543 8
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Fig. 3. Displacement trajectory of thickness vibration mode
piezoelectric device (a) thickness= 5.05, (b) thickness= 8
mm, (c) diameter=10 mm.
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Fig. 4. Impedance characteristic curve of simulated

specimen (®/T= 0.75).
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Fig. 5. Impedance characteristic curve of fabricated

specimen (®/T= 0.75).

Table 5. Physical properties of fabricated specimen
(®/T=0.75).
f.[kHz] falkHz] CInF] ka3
Piezoelectric
162.39 207.39 0.063 0.660
element
4.4 8

71741a SHA| 4= ,xﬂﬁ" Hl fﬂ%iu}.
PZT49] #S A &3ldon Figsrsrzz

>

N

A

B Ax

e

do
i oox X fd
o o N ox |d



A7) A A A 58 3] =14,

3

N

ATILAE
Fe ¥ g

7

2
o

ol
s

oo B of
2

[
Y

—_
=

=

N

3

g

= o
- 9o

N

a1

u

et
)
&
EY

O

L
ful
L
2o
P
o
do
0,
ol
38
o
)
O

B mo X o
1o
LY
~
S
o B
o
2 g
R
%,

Do ol
o
~
i
o
G
gl
=
o
Iz lo -

©
Y
b~

N
i
Y
.
b
o

-
o
o

0;

AN EY
kel eA7b EA 8k
Wl 2Ean 7))
Ao A 77 183
kHz, 243 kHz, 4.44 x 107, 06922 Ebska, A 2Hg
Az A$ ZH2b 162 kHz, 207 kHz, 0.660.= U}
Efytth o] oak= AlEHolAT AftE Aol EA
S Z}Ol TMEARAENE So2 A% Aow AyztdEr
ol A FANFTEE LA ABAANE
%%Ol Ve oz AlRH

-2
el
iind
i
o
Jm
o,
tlo

=
9
°

;1

A25¢ A2E pp. 105-109, 20129 24:

o,
o2
fol

109

zAel 2
“o] wEE 0IIYE FFosha st Ty
Qe o} FaAF AT

REFERENCES

[1] Annual Book of ASTM Standards, E610-89%a, “Standard

Terminology Relating to Acoustic Emission”, 269
(1990).

[2] J. Yoo, G. Lee, and J. I. Hong, J. KIEEME, 20, 218
(2007).

[3] M. Park, J. Yoo, J. Hong, and Y. Jeong, J. KIEEME,
24, 463 (2011).

[4] Z. Ruzhong, W. Min, M. Bing, F. Jian, and L. Tao, J.
Phys. Chem. Solids, 70, 750 (2009).

[5] P. Jue, C. Jinghong, L. Haosu, H. Tianhou, H.
Haiqing, and L. D. Jeong, Solid State Commun., 130,
53 (2004).

[6] J. Kim, J. Lee, and Y. Cho, the Korean Society for
Noise and Vibration Engineering, 10, 1211 (2005).

[71 H. Shin, J. Kim, and J. Im, J. Ceram. Soc., 48, 648
(2011).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


