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Damage Detection in Time Domain on Structural Damage Size

Tae-Kyu Kwon®, Gye-Hyoung Yoo and Seong-Cheol Lee”

ABSTRACT

A non-destructive time domain approach to examine structural damage using parameterized partial differential
equations and Galerkin approximation techniques is presented. The time domain analysis for damage detection is
independent of modal parameters and analytical models unlike frequency domain methods which generally rely on
analytical models. The time history of the vibration response of the structure was used to identify the presence of
damage. Damage in a structure causes changes in the physical coefficients of mass density, elastic modulus and
damping coefficients. This is a part of our ongoing effort on the general problem of modeling and parameter
estimation for internal damping mechanisms in a composite beam. Namely, in detecting damage through
time-domain or frequency-domain data from smart sensors, the common damages are changed in modal properties
such as natural frequencies, mode shapes, and mode shape curvature. This paper examines the use of beam-like
structures with piezoceramic sensors and actuators to perform identification of those physical parameters, and
detect the damage. Experimental results are presented from tests on cantilevered composite beams damaged at
different locations and different dimensions. It is demonstrated that the method can sense the presence of damage
and obtain the position of a damage.
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Fig. 1 Configuration of a composite beam
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Table 1 Properties of material

Properties PVDF PZT Beam
Akg/m®) 1.78 7.75 1.57
ds(pC/N) 23.0 260.0 -
gn(107)(Vm/N) 21.6 - -
Ei(GPa) 2.0 63.0 130.0
Via - 0.34 0.31
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Fig. 3 Overall experimental set-up

Table 2 Frequency content of the Schroeder-phased

signal input
Signal Type Frequency Range(Hz)
SP 1 0~ 10
SP 2 25 ~ 35
SP 3 0~ 50
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