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Rapid Processing Path Generation Method for Curved Surface Plastic Mold
Remanufacturing by Laser Cladding
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Abstract: It is difficult to generate a rapid laser cladding processing path on surfaces for plastic mold. Regarding the reverse
point cloud model of parts as the research subject, the approximate processing path was developed by calculating the
intersection of the plane and point cloud. This method avoids a complex reverse process. The processing points on the path
were searched based on the defocus distance limit criteria. Using the nearest point to the processing point, a fast algorithm was
presented to calculate normal vector of the processing points on the curved surface. Mold parts made of P20 material with a
curved surface were tested using Ni base alloy powder. Metallographic analysis show that the laser cladding layer has dense
microstructure, and metallurgically bonds to the substrate. In the middle of the cladding layer, columnar dendrites grow
perpendicular to the interface, but many columnar dendrites at the top develop into equiaxed dendrites. The microhardness of
the cladding zone is 330—350 HV,. The cladding layer thickness in the middle of the path is 10% higher than that of
the starting point.
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Fig.1 Laser scanning path generation on curved surface
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Fig.6 Part of the injection mold to be repaired

&1 P20 REWILF RS
Table 1 Chemical composition of the P20 mold steel ~ (w/%)

Element C Cr Mo Mn
Content  0.28-0.40  1.40-2.00  0.30-0.55  0.60—1.00
Element Si S P

Content  0.20-0.80 <0.030 <0.030

®2 RESEMARBULFERSD
Table 2 Chemical composition of the Ni-base alloy powder
(w/%)

Element Cr B Si C Fe Ni

Content 9-10.5 2 3-35 0.3 5 Bal.
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Fig.7 Generation of laser scanning path and processing points
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Table 3 Coordinate, normal vector, step length, and high arch of processing points on the the second path

Coordinate

Normal vector

Point No. Interpolation step High arch
X y z i j k length / mm length / mm

1 100 0 24.766 -0.3530 0 0.9356 Starting point Starting point
2 100 —2.4615 25.367 —0.3477 -0.4125 0.8419 2.5338 0.0183
3 100 —4.529 4 26.866 —0.3415 —0.663 2 0.665 8 2.554 0.0180
4 100 —6.1119 28.853 —0.340 7 —0.792 0 0.506 5 2.5405 0.0177
5 100 —7.299 9 31.105 —0.343 2 —0.860 9 0.375 45 2.546 1 0.017 8
6 100 —8.754 35.966 —0.349 5 —0.9212 0.170 4 5.073 1 0.0170
7 100 —9.208 40.998 —0.3522 —0.9359 0 5.0529 0.016 3
8 100 —8.765 6 46.046 —0.349 4 —0.9212 -0.170 8 5.067 4 0.0173
9 100 —7.303 50.888 —0.343 2 —0.861 1 -0.3750 5.057 4 0.0177
10 100 —6.110 8 53.148 —0.340 7 —0.7919 —0.506 6 2.5555 0.0180
11 100 —4.532 4 55.131 —0.3415 —0.663 5 —0.665 6 2.534 6 0.018 1
12 100 —2.466 5 56.629 —0.3477 —0.4133 —0.8415 2.5519 0.0183
13 100 0 57.234 —0.353 0 0 —0.9356 2.5395 0.018 5

8 AL STE i LR 2T
Fig.8 Morphology of Ni-base alloy cladding layer on cuverd

surface
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Cladding layer

(a) Bond zone

(b) Middle part
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(c) Top part
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Fig.9 SEM images of different parts in the cladding layer
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