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Abstract Electro-mechanical coupling performance (k) of a 1-3 type Piezo-composite was anadyzed numericaly using
FEM. The cdculated physica properties of the PZT ceramics were compared with the experimental data and the accuracy
of the numerica method was verified. Also the k, of the composite was anayzed with the vol% and the materia
properties of the constitutional parts, and the aspect ratio of the PZT rod. As the smulated results, the k; increased rapidly
when the vol% of the PZT ceramics increased up to 30 vol% and saturated the constant value in the above region. And
the composite using the soft matrix polymer than the hard one have the superior k, characteristics. The k, was greeatly
influenced by the aspect ratio of the PZT rod up to 30 vol% of PZT ceramics. To improve the k, characteristics, it is
useful that the composite consist of the relatively flexible polymers and the PZT material having the excellent piezoelectric
characteristics.
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Piezoelectric
Ceramic

Polymer Matrix

Fig. 1. Structure of the 1-3 type piezo-composite.
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Fig. 2. Various resonator shapes of the piezoelectric materials.
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Fig. 3. Smulated dectrical impedance characteristics of the PZT-5A ceramics.
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OA resonators Materid properties Simulated Measured [10] Error (%)
Modes LE LIE RAD TE TS Elastic compliances &, 1648 1640 0.48 %
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fa(kHz) 367 196 235 4310 228 S, 734 12 1.58 %
Zr (Ohm) 8123 624 70 49 44 s, 1892 18.80 0.66 %
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Table 4
Calculated material properties of the 1-3 type piezo-composite
Vol% of the PZT-5A 25 40 60
Dielectric enle, 436 694 1,040
congtants el /e, 385 643 994
Piezoelectric  dy, (pC/N) -116 133 -149
constants  d,, (pC/N) 297 330 353
e, (C/m) 011 -022 -047
€33 (C/m) 3.9 6.38 9.66
On (*10°VMm/N) 3396 -234 -169
O (*10°VM/N) 871 58 40.2
Density (kg/m?) 2800 3790 5,110
Acoustic Impedance (Mrayl) 9.2 129 18
A
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Fig. 4. Smulated electrica impedance characteristics of the
composite using the SP with the vol% of the PZT ceramics.
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=4 9] 1

= HLO o]
- &

7152 S3H](aspet ratio)l] ]34
=3 ‘?:—Et‘r SP 2 HP Z3|HE AR &
4| 2] k é% PZT 7152 &3] wslo) uwe} §4
stal, 2 A3= Z+7F Fig. 6 2 Fig. 7o YEeERAIH
SP ZEME AREEE Fig. 69 Al & 5 =9,
PZT 73] M7} 25%R1 7%, S53A 9 k 5482 PZT
71 E¥v|(aspet ratio)’t TSIl Wk FASHA
S7FIE 6 olde] ddole AT oz st
£ 54L& ®elg, ey PZT H39 H|7F 40 % o]l
A, EAY k 582 PZT 7159 31| (aspet
ratio)el]l 719 QS wkx] k= Zow EAHQTL E
3 Atjdow gus HP ZemE ARRSE A, B3
Aol k 5482 PZT 7159 SV (aspet ratio)e] &
S g u= oz BRI

PZT F3 H|7} 25%3] A%, PZT €4 2 S3v9|7}
A9 k 54 X 9T BAsk, 1 AHE
Fig. 8ol L}E}mi’iﬂr JukA] 9& %‘ﬁ—‘—f—*é% PZT-8,
PZT-4, PZT-5A, PZT-5H o0& $-<= dHA 3
E‘r. o] AyollA] & & Axo], PZT Z@ﬂﬂm 6 ©]3}te]

AoA] AL k 52 PZT Z3nle] Z7tel w
E} FAA S7FE A3dS Hola nt. 17]al A
Zog 973 QPHEAS B A3 PZT-5HE ARESH &
AZE 7P e k BAS T U AR B4

R
opgel AsHE 8ok, 948 k 54 BAT 13
B FARIAE AR AsWE PZT 2 Hst o

]

35~65 % F=o]i, FriF oz %Odt‘& SP EHE A}
gafelof Frt. =3 PZT By H7b oF 30

E3AE AAT A5, PZT S39)7
Hom gt %‘;ﬁ—#ﬂ < HAE A

ah= Zo] nigraitial Algg.

ai
mf—f

5d E

2 APoxe 138 HEFA(1-3 type piezo-
composite)e] 7171412 BeS FRFSE A5
o} PZT Algbe] P84 AXAE A9 vl
slo] £ sAuHe] A S HZs)
AAEe] Fu v 2 B4, PZT 7159 & 4 (aspect
raio) 5°] E3HAe] kEAC vAE I
I A%, PZT 53] H7F 30 volw7kA] 571kl E8A]
] k 588 548K STttt 2 o3 dellA
éf?_ ol gt 28]a H‘JVLE s &
HE ]~9~f‘1 E3AE AvH oz 943k k, EAE
b=t} 3 PZT FujR)7) 30% olskel A%, B9
| k 54 PZT 7159 53 Hlol] B d3S ve

2

Ac rlr

>{\1

=

©

kt o= wi

L OHBEZE k BA S s du¥es &
I EYu] 9 g ASAe) PZTE ARl B
15 T4k 2ol feishh,

% 0

Y

%@

o
rat

[1] R.E. Newnham, D.P. Skinner and L.E. Cross, “Connec-
tivity and piezoelectric-pyro-electric composites’, Mat.
Res. Bull. 13 (1978) 525.

[2] W. Huebner, M.R Reidmeyer, JW. Stevenson and L.
Busse, “Fabrication of connectivity PZT /thermoplastic
composite for high frequency linear arrays’, Proc. IEEE
Application of ferroelectrics Symp. (1994) 206.

[3] W.A. Smith, “The role of piezocomposites in ultra-
sound transducers’, Proc. Ultrasonics Symp. (1989) 755.

[4] Fiore, D. Gentilman, R. Pham, H. Serwatka, W. McGuire
and P. Bowen, “Recent developments in 1-3 piezocom-
posite transducer fabrication”, Proc. IEEE Applications
of Ferroelectrics Symp. (1996) 531.

[5] WA. Smith, A. Shaulov and B.A. Auld, “Tailoring the
properties of composite piezoelectric materials’, Proc.
IEEE Ulfrason. Symp. (1985) 642.

[6] HLW. Chan and J. Unsworth, “Simple model for
piezoelectric ceramic/polymer 1-3 composites used in
ultrasonic transducer applications’, |IEEE Trans. Ultra
Ferro. Freq. Cntr. 36(4) (1989) 434.

[7] H. Taunaumang, I.L. Guy and H.L.W. Chan, “Electro-
mechanical properties of 1-3 piezoelectric ceramic/
piezoelectric polymer composites’, J. Appl. Phys. 76(1)
(1994) 484.

[8] B. Jaffe, W.R. Cook and H. Jaffe, “Piezoelectric ceram-
ics’ (Academic Press, New York, 1971) p. 289.

[9] JF. Nye, “Physical properties of crysta”, 1985 ed.,
(Oxford Univ. Press, Oxford, 1986) p. 110.

[10] D. Berlincort and H.H.A. Krueger, “Properties of Piezo-
eectricity ceramics’, Technica report TP-226 (Morgan
Electro Ceramics Inc.) p. 1.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


