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Development of Piezoceramic Embedded Impedance Measuring System
for Large Scale Structural Health Monitoring
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This paper is concerned with the development of Piezoceramic Embedded Impedance Measuring
System for large truss type structures, such as the bridges or steel reinforced structures. The system
consists of a sine wave generator, AD converter and computer (or microcomputer). The wave
generator supplies the alternating voltage to the piezocells for generating an elastic stationary wave
on the structure. The stationary wave change, due to the torque applied to the bolt which is used to
joint the beams of a truss structures, is then measured by the same piezocells’ electric impedance
change. The proposed PEIMS is verified by comparing with the commercially available impedance
analyzer. The experiment results show that the impedance change due to the damage can be
evaluated at the same high accuracy as the commercial impedance analyzer does, by a new proposed
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Fig. 1. Proposed structural health monitoring system.
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(b) Diagram of impedance measuring circuit

Fig. 2. Proposed piezceramic embedded impedance measuring
system.
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Fig. 3. Relationship of voltage vectors V¥, Vzand Ve
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(a) Truss structure used in the experiment

) Beam
=2.0 75(7 pair of PZTs at both sides
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(b) Beam clement and PZT patches

Fig. 4. Schematic of the truss structure and its beam element
with a pair of PZT patches.

Table 1. Material properties of the beam and the PZT patch.

Aluminum beam

Density o, (X 103kg,1m3) 27
Young’s modulus £, (X 10"°N/m?) 7.06

Piezo-electric element (C-6)
Density 0, (X 10°kg/m’) 7.4
Relative dielectric constant &7 33 2000% 300
Equivalent piezo-electricity constant -195
d 31 (X102 mrv)
Young's modulus v 11 (X ‘lowN/mZ) 5.8
Induced loss tand 2.1
Frequency constant N g; (Hz * m) 1400
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Fig. 5. Real part of impedance response measured by
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Real part impedance response measured by proposed
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Fig 7.

@) fts e R Z OB R

K2 VRIS o E—F R Z DEFUER & Vy,
RO Ve, OBFREERICLIVHALMZL, MEITEL
A O F R Z OBFEERITD. ERTITAE
X ETEE 68.80 [kHz], Sv=4, S,~1000 & L, X6
W EEE~DASTEERIE V, (S L DR LHB D
WEAVT NFCENS YA FORD Y IZHAE
FEZREAERT 77 v a PR —% (HIOKI
#7075 Function Generator) 2 A\ 7. B 2 {557Rd
WA & A Z OHE R % B S Ehenis, B
B 68 S[KHZNZ RN TR LNV, Vi BN Vi, DB
FxH 8 IRT.

f T . -
1.0 —o—10[0] 1 10k —o-1010
13 ~&—100{£)] o-10e

Oxt —A—500{<)] %E

/- T 08k —a—500[)] 4
Eoﬂ —a-5000[¢2] /‘< Soal ~m-3000[<2) A |
:i“oﬁ / ] g‘lo_ al JEEY

02 &/&//&///A 4 02 /
ols o S
04 05 08 10 04 06 08 10
VrdV] VedV]
@ Ve ®) Vp,
Fig. 8. Output voltage V,, corresponding to ¥, and V5, with

variation of the resister R.
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Table3. Selected System parameters

Number of Sampling Point Sy 4
Sampling Frequency[kHz] 280
Number of Sample Sy 500
Correction Coefficient A 0.0720
Additional Impedance R{(2] 500
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Fig. 10. Results of the impedance responses to the loosing
torque on Bolt A
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(a) Definition of template L(7) from a healthy waveform.
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(b) Template shifting and the area difference P(k)
Fig. 13.  Concept of impedance waveform matching method.
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Fig. 14. Comparison of standard deviations of Peak Frequency

Shift AF and Template Shift Distance AS.
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