Transactions of the KSNVE, 23(2) : 152~159, 2013 ﬁgi%ﬂ%géfilf-i-d H23H M2%Z, pp.152~159, 2013
http://dx.doi.org/10.5050/KSNVE.2013.23.2.152 ISSN 1598- 2785[Pr|nT) ISSN 2287-5476(Online)

gl AN} S AFAY F1%S oledt
A Dol T4947] 2A
Impact Localization of a Composite Plate Using a Single Transducer
and Spatial Focusing Signal Processing Techniques

A4 FAd xt
Sungjong Cho and Hyunjo Jeong
(Received October 17, 2012 ; Revised October 17, 2012 ; Accepted December 28, 2012)

Key Words : Time-reversal(A]XF 9}%), Lamb Wave(Lamb }), Impact Localization(32 X%
Tmaging($1 2] 7FA18}), Inverse Filtering(Q1H 2> TE )

A]), Localization

ABSTRACT

A structural health monitoring(SHM) technique for locating impact position in a composite plate is
presented in this paper. The technique employs a single sensor and spatial focusing properties of
time reversal(TR) and inverse filtering(IF). We first examine the focusing effect of back-propagated
signal at the impact position and its surroundings through simulation. Impact experiments are then
carried out and the localization images are found using the TR and IF signal processing,
respectively. Both techniques provide accurate impact location results. Compared to existing techni-
ques for locating impact or acoustic emission source, the proposed methods have the benefits of us-
ing a single sensor and not requiring knowledge of material properties and geometry of structures.
Furthermore, it does not depend on a particular mode of dispersive Lamb waves that is frequently
used in the SHM of plate-like structures.
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Table 1 Properties of unidirectional fiber reinforced
composite laminate

Dy, [Pa- m’] D,,[Pa- m’] Dy,[Pa- m’] Dys[Pa- m’]

198.7 13.23 3.98 8.15
plkg/m’] h[mm]
1550 2.54
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Fig. 2 Temporal focusing behavior of time reversal
process: (a) Received signal due to a point
source impact, and (b) Focused signal at the
original impact location after time reversal
and back-propagation of signal (a)
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Fig. 3 Spatial focusing behavior of time reversed and
back-propagated wave at different receiving
positions along the x-axis: (a) x=0, +£0.02 m,
+0.04 m, ..., and (b) x=0, £0.1 m, £0.2 m, ...
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Fig. 4 Temporal focusing behavior of inverse filtering
process. Focused signal at the original impact
location after time reversal and back-prop-
agation of signal Fig. 2(a)
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Fig. 5 Spatial focusing behavior of time reversed and
back-propagated wave along the x-axis at dif-
ferent receiving positions of x=0, +0.1m,
+0.2m, ...
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Fig. 6 Spatial focusing behavior as a function of du-
ration time of received signal. Observed
along the x-axis at different receiving posi-
tions of x=0, £0.1 m, 0.2 m, ... (a) Time
reversal method, and (b) Inverse filtering
technique
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Fig. 7 Experimental setup for measurements of im-
pact localization in a composite plate. Sensor
location and grid point coordinates are shown
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Table 2 Sensor and impact coordinates in case 1 and 2

X(mm) Y (mm)
Receiving position -200 0
Impact 1 40 30
Impact 2 60 40

054~
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0001020

(b)
Fig. 9 Impact localization results for impact case 1
(X=40 mm, Y=30mm): (a) TR focusing tech-
nique, and (c) IF focusing technique
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Fig. 10 Impact localization results for impact case 2
(X=60 mm, Y=40 mm): (a) TR focusing tech-
nique, and (c) IF focusing technique
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