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ABSTRACT

A cantilever type piezoceramic vibration sensor was developed that could make up for the short-

comings of current vibration sensors, such as high price, low sensitivity, and complex structure. For the

design, in conjunction with piezoelectric constitutive equations, we derived full analytic response

equations of the piezoelectric bimorph sensor to external forces. The external forces were supposed to

take the form of either step or sinusocidal force. Based on the results, actual piezoelectric vibration

sensors were fabricated and tested for verification of the theoretical results. Further, comparison of the

performance of the developed sensor was made with that of a commercially available representative

vibration sensor so that quantitative evaluation of its sensitivity could be made. The sensor developed

in this work showed excellent sensitivity and thermal stability in addition to the merits of simple

structure and low fabrication cost in comparison with conventional mass-loaded piezoelectric sensors.
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Fig. 2 Deformation of the piezoelectric bimorph canti-
lever with a static force at its free end
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Fig. 3 Equivalent force model of the cantilever vibra-
tion excited by the step displacement of its
support
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distibuted force to the bimorph cantilever
caused by the U (¢)

Fig. 4 Equivalent force model of the cantilever vibra-
tion excited by the sinusoidal displacement of its
support
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Table 1 Material properites of the bimorph cantilever
type vibration sensor

Piezoelectric material PZT5H

3400 % 8.854 % 10~ 2(F/m)
-2.1592 % 10°(C/F+m]
7500 kg/m®]
3.01036 % 107°(F]
7.584 % 10*[N/m?]
15000[sec™']

£ (permittivity)

ha1 (piezoelectric constant)

p (density)

C (capacitance)

Y (Young's modulus)

7 (time constant)
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Fig. 5 Variation of response characteristics with
dimensional change of the piezoelectric cantile-
ver
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Table 2 Dimension of the piezoelectric bimorph cantile-

ver beam
H (height) 0.8%1073[m]
L (length) 22%107%[m]
W (width) 4%107[m)]
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Fig. 6 Theoretically calculated voltage output and fre-
quency response of the piezoelectric sensor
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Fig. 8 Experimental setup and measured responses of the piezoelectric bimorph cantilever sensor
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(b) Bimorph cantilever sensor

Fig. 9 Comparison of voltage outputs of the pi-
ezoelectric vibration sensors

o

AA Aol g4 FEd =2 ﬁL & %—Cri}%}
At ot g F Qlvke AE

A 7}2%«1 2 stete] e o] h:}“z’

02 B T A g8 PZT=

4 —‘Li«l Hitell M= whEste] HaE %*B*l
7€ 2AEAE FAld ZHA a2 deH, olH 5
AL AARE o8 AFAME AL sl
A 53] felsfobd o), Ay AF e
A AME o] 2xo 7 S whma] HAbs|Fo]
ofnt 3tx, webd B AFelA @y pxE
bimorph& #3¥ ¢]fo]7|= sjc} Fig 10 9%
Aol Wi o] MAEFNE Bl Zolrh, Fig 10(a)
€ Fig. 79 vehd £ A7l A=k bimorph ¥
o] g Ao E¥oRA LxHA o] F A
oA 2¥olw, Fig. 10(b)& Fig. 79 5 749 ¢
Aoy F AN w o shuks AFAME AR
unimorph o] &H Ao FHOZA 2T BAfo] oF

vl
02

= ' '
- T |
= Y 0
2 Peoaabuand

b 2 i 1 ot e e it o 12 ] v+ e e é....

(sec)
(b) Unimorph cantilever sensor

Fig. 10 Comparison of thermal stability of the pi-
ezoelectric cantilever sensors
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