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are also being developed and completed. Previously, researchers have
shown the effectiveness of modal tests, which are vibration-based
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‘}./v_y _ methods, to identify defects in parts and structures made of metal,
Addltl_Ve manufactu_rmg plastic, composite, and concrete. But for additive manufacturing parts,
Selective laser melting the development of modal methods with the application of defect

Modal analysis
Defect evaluation
Mode shape curvature

detection is in the early stages of research. The first research in this field
has been done with an additively manufactured part in the shape of a
beam. The smallness of additive manufacturing parts and structures, due
to the limitation of the build chamber of the printing machine, brings the
challenge of high frequency excitation of the part in the modal test. In
this article, in a step forward, by modal analysis and comparing the
modal properties of healthy and defective steel plates made by selective
laser melting, defect identification from one-dimensional space to two-
dimensional space has been done, up to the level of defect locating and
severity assessment. The defect in the defective plate is intentionally
created in the form of a crack on the surface of the plate, and methods
based on frequency change and mode shape change including mode
shape curvature and modal strain energy have been used to identify and
locate the defect
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Table 2. Dimensions of the manufactured plate.

Part Length Width Thickness
Dimensions [mm] [mm] [mm]
Value 140 60 3
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Fig. 1. Tensile test sample: a) Healthy part b) Broken part.
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Fig. 2. Stress-strain diagram obtained by the
experimental method for the sample.
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Table 1. Mechanical Properties of plate.

Young's Density | Poisson's
Property | modulus[Gpa] | [kg/m®] Ratio
218 7889 0.3
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Fig. 3. Showing the element of a rectangular plate and the
forces acting on it.
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Table 3. Frequency response in the 17" mode shape
resulting from the central composite design

Standard | Run | Point | Depth | Position 17t
Order Order | Type frequency
6 1 -1 1.74 67.5 7465.0
10 2 0 0.90 67.5 7494.3
11 3 0 0.90 67.5 7494.3
1 4 1 0.30 20.0 7492.8
3 5 1 0.30 115.0 7491.9
8 6 -1 0.90 134.0 7499.7
9 7 0 0.90 67.5 7494.3
2 8 1 1.50 20.0 7118.8
4 9 1 1.50 115.0 7158.6
13 10 0 0.90 67.5 7494.3
5 11 -1 0.06 67.5 7502.3
12 12 0 0.90 67.5 7494.3
7 13 -1 0.90 1.0 7515.1
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Fig. 5. a) Defective Part, b) The 17" pure bending mode
shape in the frequency analysis of the defective part.
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Fig. 9. Plate Meshing: a) Healthy Plate , b) defective
plate.
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Fig. 6. Effect of depth and position of defect on frequency

response of 17" mode shape using 3D response surface
plot.
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Fig. 7. Effect curves of the two factors, depth and position of
the defect on the frequency response of the 17 mode shape.
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Fig. 10. Mode shapes of the healthy plate

Type: n
Frequency: 4361.7 Hz

Tatal Deformation 17
Typei Total Deformation
Fraquency: 75167 Hz

o dmio cladge JS5 Y ¢ JSUS




S dgmn 3 5955 o Ly 3l 31 L o lbsarmanes Liule

Ladlgn qwtizs )3 59l / Ve
? 5yl ? 5,9 27?7 Jlo

Fig. 11. Mode shapes of the defective plate.
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the plate along a sample of paths.
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Damage Index Based on Modal Strain For Mode 17
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Fig. 16. Defect detection image based on change in modal strain
energy in top view for 17th mode shape.
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Fig. 13. Change in mode shape curvature between healthy
and defective plate for 17" mode shape.
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Fig. 14. Defect detection image based on the change in the mode
shape curvature in the top view for the 17" mode shape.
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Fig. 15. Damage index based on the change of modal strain
energy of healthy and defective plates in the 17th mode
shape.
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Fig. 19. Comparison of FRF graphs of healthy and defective plates.

Cawddy Cgamo g pllw avts (aub sla wilSyd gl picren
3 ol dalad 4 Carnd Cgaro azhad clgunslS b jgalS ws ) g ol
Sl odds ooy i B g
0ol J Jeols gme g pllo dxbio b sla il 6 @l 0 Jgoe

s
Table 5. Results of natural frequencies of healthy and
defective plate from experimental test.
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Fig. 17. Sample of a printed plate made of 316L material using
selective laser melting : a) Healthy Plate b) Defective Plate.
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Fig. 20. The 17th frequency mode shape in experimental
modal test : a) Healthy Plate b) Defective Plate.
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Fig. 21. Change in the mode shape curvature of healthy and

defective plates in the 171" mode shape in experimental
modal test.
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Table 6. Results of natural frequencies of healthy plate from
finite element and experimental tests.
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Fig. 22. Defect detection image based on the change in mode

shape curvature in top view for the 17" mode shape in
experimental modal test.

Damage Index for Mode 17
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Fig. 23. Damage index based on the change in modal strain
energy of healthy and defective plates in the 17" mode shape
in experimental modal test.

2 s 55 G5l e bl cus il pgms —TF JSS

7 g g3l 3 390 JSS amsin gl Y slos
Fig. 24. Defect detection image based on change in modal
strain energy in top view for the 17" mode shape in
experimental modal test.
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