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Fig.1 ~ Group velocity curves of PLA plate
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Table 2 Locations of the piezoelectric wafers and the damage

Type Point no. Coordinates
x (mm) y (mm)
Piezoelectric wafers P1 40 90
P2 15 10
P3 35 10
P4 75 10
Damage D1 50 50
y
P1@
D1
[
[ ] [ ] o
P2 P3 P4 X
(a) "I
(a)Diagram

&

L

(b) S e Fr
(b)Actual photo
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Fig.11 PLA finite plate
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Fig.12  Experimental actual setup for the damage location of a finite

plates
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DAMAGE DETECTION IN THE ADDITIVE MANUFACTURING
PLATE USING THE SECOND ARRIVAL WAVE *

Tan Dongguo Zhou Jiaxi" Wang Kai  Xu Daolin
(College of Mechanical and Vehicle Engineering , Hunan University, Changsha 410082, China)

Abstract Usually, only the first arrival wave is used for damage detection, and the resultant overlap of multiple wave-
paths is ignored. In this paper, a simple damage detection method using the second arrival waves of multiple wavepaths
is proposed for damage localization in an additive manufacturing (AM) plate. The frequency and mode of Lamb wave
used for excitation are determined according to the dispersion characteristics. The wavepaths of Lamb wave propagation
in the plate are designed for receiving the second arrival waves by a sparsely distributed sensor array. The distance from
the sensor to the damage is calculated by multiplying the wave velocity by the consuming time. Then, the damage loca-
tion can be determined by intersecting any two circles taking the sensor as the center and the calculated distance as the
radius. Both numerical simulations and experiments of AM polylactice acid (PLA) plates are carried out to validate this
method, which indicates that a through-hole damage with diameter of 1mm can be detected with acceptable accuracy in
a simple way. The results also confirm that the second arrival waves of multiple wavepaths can used to detect the damage
with only three piezoelectric wafers. In addition, both the effects of the damage size and depth on the accuracy of the pro-

posed method are studied by numerical simulations.

Key words damage detection, Lamb wave, second arrival wave, multiple wavepaths, additive manufacturing

Received 9 March 2021, Revised 21 April 2021.
* The project supported by the National Key R&D Program of China (2017YFB1102801)

+ Corresponding author E-mail: jxizhou@hnu.edu.cn



