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Health Monitoring Technique for Truss Structure with PZT Patches
(Estimation of Fastening Condition of Bolts and Damage Indices)
Zhongwei JIANG*® and Yasutaka TAKEUCHI

*Department of Mechanical Engineering, Yamaguchi University,
2-16-1 Tokiwadai, Ube-shi, Yamaguchi, 755-8611 Japan

This work presents a study on development of a practical and quantitative technique for
assessment of the structural health condition by piezoelectric impedance-based technique associated
with longitudinal wave propagation method. A truss structure constructed by aluminum beams and
piezoelectric patches is investigated experimentally for estimation of the fastening condition of bolts
which is supposed to be a kind of infancy damage. The bolt fastening condition is adjusted by torque
wrench. In order to estimate the damage condition numerically, three damage indices, impedance
peak frequency shift 4F, peak amplitude ratio ¢ and quality factor ratio 7, are proposed in this
paper. Furthermore, an assessment method is described for estimation of the damage by using these
three damage indices. As an example, estimation of fastening torques on the bolt is illustrated. With
a plenty of experiment results, the damage indices proposed in this work are validated useful for
assessment not only of the looseness of bolts and also for any other structural infancy damage, such

as the concentrated stress, small crack and so on.

Key Words: Structural Health Monitoring, Truss Structure, PZT Patches, Piezoelectric Imped-
ance Response, Looseness of Bolts, Damage Assessment Indices
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Fig. 1. Impedance measuring system and experimental setup.

Fig. 2. Truss stucture embedded with PZT patches.
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Table 1 Material properties of truss structure and PZT patch.

Real Impedance (2)

Aluminum beam element in truss structure
Lengthl, (mm) 500
Width w, (mm) 25
Thickness A, (mm) 2
Density p, (X10%kg/m’) 270
Young’smodulus E, (X 10N/m?) 7.06

Piezo-electric element (C-6)

Length /, (mm) 25
Width w, (mm)

‘Thickness 4, (mm) 03
Density p,, (X10°kg/m’) 74
Relative dielectric constant £ 2000300
Piezo-electricity constant d5, (X 10 m/V) -195
Young'smodulus ¥,5 (x 10 N/m?) 58
Induced loss tand 2.]
Frequency constant N5, (Hz * m) 1400
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Fig. 3. Impedance response of an elerment beam used for

the truss struciure.

Fig.4. Sketch of he truss structure and position where
the bolts and PZT are considered in experiment
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Fig. 5. Comparison of the impedance responses obtained
from the beam in free case and fixed on truss structure.
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Fig. 6. Analysis model of the sandwich struciure consisted
of abeam and two PZT patches.
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Fig. 7. Varation ofimpedance response as a funclion of the
fastening torque.
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Fig. 9. Definition of Peak Frequency Shift AF and its variation at
each peak to the fastening torque.
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Fig. 10. Definition of Peak Ampiitude Ratio § and its
variations at each peak to the fastening torque.
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Table 2 Coefiicients of estimation equation (14).

a, ap ay a,

201398 -0.00239 -0.01155 -0.01438
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Table 3 Tomue estimation erors for Bolt A
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Table 4 Torque estimation-emors for Bolt B.

Eq8 (AF) | Bql0 () | EBql3 () | Eq l4Ave)

0.06282 0.04178 0.04271 0.03418

BEDZ &hb, AP CRE LR 3 >OHERE
IR S OFEDHT MLy OERSHRICEZI TH B
EWVWRB. Fie, AU POBAEESEW
STV RIETHR AT T, $BEFICL
BPNESIOEORESBIEC L A EHEE OB e
IR U THERTES. EL, BEOHGEES A
FHIE L D HEET RS, #HEE9EEER 10 13)
DEFEERD DO DTRERPVETH 5.

5 # B
AR THSGOREEE, BB FoRsE
WiV D YIREO R RF BIE L, FERE T
KBA L E—F U AFEE R, b T R BRSO
P VB AR O ONCHEER R IR L,
FOFIEERIE L. AWBEORRE LB %K
DL D.
1. FEEHRERERE - 5K - FLoBETALEZ,
3 OOFHEEE, bbb, P— AR T b
B, P—-7BEREB R IO O SRS
BRELUL
2. R 3 - OFHHEROEEEFRANA LT, |
SRS E T SEEYR ST L 0 B At
BHEETSR U, HRD 3 0OFMERREA BT
FIF U THBIEEORELHET S Z LT THS
& &, 3OOFHIHEEE RSN AVIIE S A
RIERER S KB HORERR TR, 18
EOfERERZMESER LR L
B0z, AEOBTIHIZY, WAL LR
{EXol BETE®RHICHERRT. £/, A%
O—HIIXHEREFERED RS EBHE
BYNo 11450002 % 31 TiT o7 2 & B AEE T 5.

B

(1) I SHERNER S “ENATEERNEAS
#4E" | http/fwww.mex gojp/press/111222/04 html

(2) SHDiaz Valdes and CSoutis Delamination Detection in
Composite Laminates from Variations of Their Modal
Characteristics”, Journal of Sound and Vibration , Vol.228, 1-9,
1999.

(3) #1B, 130 44, "y =—7 Ly MEREROEE - S
BO~NVATZE Y T VAT WERBEAEY =T Ly b
DER EBFHREHESOBREY, #i%(0), 61-586, 2340
2346, 1995.

(4) MLWang, GHeoand DSarpathi, “A Health Monitoring
System for Large Structural Systems”, Smart Mater.Stuct ,
Vol.7, 606-616, 1998

(6) M, W, 77 A e EAVIERMEIO LR
F=F Y TG, BERW), 67655, 378:383, 2001

6) T, 1Eh 8 &, “ER - HE - FHREROFBTLEK
BOFORNT, #35(0), 64:618,386-393, 1998,

(7). Darryll J Pines and Philip A Lovell “Conceptual Framework
of A remote Wireless health Monitoring System for Large Civil
Structures”, Smart Mater. Stuct, Vol7, 627-636, 1998,

8 C. Liang, F. P. Sun and C. A. Rogers, "Coupled Electro-
Mechanical Analysis of Adaptive Material Systems °
Determination of the Actuator Power Consumption and
System Energy Transfer”, Journal of Intelligent Material
Systemsand  Structures, Vol.8, 335-343, 1997.

(9) ir, W, RFEE, THEESRTERGHSHEREINC L B
BHOBRGER L LERE, #55(C), 67660, 25802586,
2001,






