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Abstract The forming of thin—walled parts by laser cladding results in creation of uneven cladding layers that
manifests itself in poor surface. Furthermore, it makes follow—up forming difficult. In this case, it becomes necessary
to conduct auxiliary mechanical milling and polishing. However, laser forming is one quench solidification process
that results in high hardness which makes machining of these hardened surfaces impractical. In addition, if the shape
of parts is complex, the finishing machining operations will require multiple jigs and fixture setups which are time
consuming and highly inefficient. In fact, the finishing machining operations can account for more than 60% of the
entire manufacturing cycle. To overcome the difficulty, a new composite precision rapid prototyping method is
proposed. This new method is based on machining the cladding part by laser milling. The proposed high performance
and precise approach results in greatly improved surface quality, as measured by surface morphology, as opposed
to the traditional laser cladding forming. Furthermore, it will eliminate the need for the post processing and reduce
the processing time and ultimately the processing cost of the part.
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Fig.1 Laser milling model of single pulse
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Fig.2 Laser milling model of single track
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Table 1 Results of roughness and smoothness in single-layer milling

Influence factors Power /W  Pulse width /ms  Defocusing amount /mm Roughness /pm Smoothness /mm
1 1 1.506 0.043
2 2 1.571 0.045
3 60 3 1.346 0.048
4 1 1.725 0.03
5 2 1.705 0.04
6 80 3 0 1.566 0.033
7 1 2.14 0.02
8 2 2.036 0.03
9 100 3 1.838 0.03
10 1 1.091 0.044
11 2 1.016 0.045
12 60 3 1.141 0.05
13 1 1.48 0.035
14 2 -1 1.592 0.04
15 80 3 1.627 0.045
16 1 1.767 0.02
17 2 1.91 0.03
18 100 3 2.094 0.03
19 1 1.081 0.045
20 2 0.92 0.05
21 60 3 1.024 0.05
22 1 1.093 0.04
23 2 -2 0.606 0.045
24 80 3 1121 0.05
25 1 1.609 0.03
26 2 0.99 0.035
27 100 3 1.771 0.04
28 1 1.323 0.05
29 2 1.146 0.055

30 60 3 1.344 0.06
31 1 1.604 0.035
32 2 1 1.353 0.04
33 80 3 1.693 0.05
34 1 1.843 0.025
35 2 1.824 0.03
36 100 3 1.858 0.03
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Fig.3 Square milling faces with side length of 3 mm

4 FTEAR S
41 TES B GEIEE R IR E QR0

R IR T 25 OB 75 590 B O L IE 00 36 L0 5 1 4 40 0 T R IR WOK B ) 2 0 1
DL 07 ML

221 (a) . 2.2¢ ()
2.1+ L 2.1r 1ms A
=-lms : 2.0F . 2ms #
2.0 —e-2ms ' 1.9F a3 g .
§1.9— —4+-3 ms / §1.8— o —
2 18| L Py o
% ) 2 1.6
o - []
é 1.7} Y é 1.5F ;
0 . ~ o 1.4F 2
g16f , 2 13l ey
sk L &2t
- Lif
14} o ’
4 1.0f *
70 8 90 100 096 70 80 90 100
Power /W Power /W
18f(0) . 1 I 4
L7f « 1ms 1.8} o =
1.6} —e—2ms 17 . 3ms P
§1.5— + 3ms § . ms A 7
o 14 > L6F r b
% 13] 2 £ /
_§1.2 L £ L5 P
LIF o ¥ % 1.4 , #
g 10F * @ 3 e .
o9f e e & 1.3f -
0.8[ s s 2
" P 12}
0.7F i . -
06F L . . Lip . . . .
60 70 80 90 100 60 70 30 90 100
Power /W Power /W

4 AR Es R S D RN 98 S R AR 9 R . (@) 0 mm; (b) —1 mm; (¢) -2 mm; (d) 1 mm
Fig.4 Relationship between average power, pulse width and surface roughness under different defocusing amounts.
(a2) 0 mm; (b) -1 mm; (¢) -2 mm; (d) 1 mm
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Fig.5 Relationship between average power, pulse width and surface smoothness under different defocusing amounts.
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