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Abstract When machining metal parts with laser metal deposition shaping (LMDS) method. if the temperature
gradients and energy distributions of different areas inside cladding layer and that between cladding layer and
substrate can be effectively controlled with optimal process parameters, then the probability of internal defects of
cladding layer can be reduced, and the mechanical properties will be greatly improved. To the problem whether the
metal parts made by LMDS contain internal defects, rotatable orthogonal experiments are designed for acquiring the
distributions of internal defects of the metal parts under different process parameters. A logistic regression model is
built based on these experimental data. Finally an authentication test is taken with the process parameters calculated
by the logistic regression model, and no internal defects are found. The results show that the logistic regression
model is in good agreement with the actual situation. The logistic regression model proposed in this paper is proved to
have the guiding significance for selecting LMDS process parameters.
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Table 1 Material composition of TC4 (mass fraction, %)
Elements H O Al N C A% Si Fe Ti
TC4 <C0. 009 <0. 16 <6.02 <0. 027 <C0. 056 <4.00 <C0. 039 <0.15 bal
______ vacuum cavity @ |
CO, laser
computer
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Fig. 1 Frame of LMDS system. (a) Schematic diagram; (b) photo of titaninum alloy LMDS
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Table 2 Coding table of 4 factors and 5 levels

Factors
Levels Laser Scanning Substrate Powder feed
power /W velocity /(mm/s) temperature / C rate /(g/min)
Upper asterisk arm (1. 682) 2200 8 400 7
Upper levels (+1) 2119 7 366 5.9
Zero levels (CK) 2000 5.5 210 4.35
Lower levels (—1) 1881 4 54 2.8
Lower asterisk arm (—1. 682) 1800 3 20 1.7
Spacing A, 119 1.5 156 1.55
# 3 WP T IEAS e (1/2 920 9250 %
Table 3 Four-factor orthogonal rotation (1/2 operation) test table
Number Z, Z; Z, Zs Z, I Zy ZhZy ZhZy Z:Zs ZyZ, Z:sZ,  Zi Zh Z4 Z, v
1 1 —1 —1 1 —1 1 1 1 1 1 1 0. 406 0. 406 0. 406 0.406 1
2 1 —1 —1 1 1 1 -1 —1 —1 —1 1 0. 406 0.406 0. 406 0.406 0
3 1 —1 1 —1 1 —1 1 —1 —1 1 —1 0. 406 0. 406 0.406 0.406 0
4 1 —1 1 1 —1 -1 —1 1 1 -1 —1 0. 406 0. 406 0. 406 0.406 1
> 1 1 —1 —1 1 -1 —1 1 1 -1 —1 0.406 0. 406 0.406 0.406 0
6 1 1 —1 1 —1 —1 1 —1 —1 1 —1 0. 406 0. 406 0.406 0.406 O
7 1 1 1 —1 —1 1 —1 —1 —1 —1 1 0. 406 0. 406 0.406 0.406 1
8 1 1 1 1 1 1 1 1 1 1 1 0.406 0. 406 0.406 0.406 0
9 1 —1.682 0 0 0 0 0 0 0 0 0 2.234 —0.594 —0.594 —0.594 0
10 1 1.682 0 0 0 0 0 0 0 0 0 2.234 —0.594 —0.594 —0.594 0
11 1 0 —1.682 0 0 0 0 0 0 0 0 —0.594 2.234 —0.594 —0.594 0
12 1 0 1.682 0 0 0 0 0 0 0 0 —0.59%4 2.234 —0.594 —0.594 0
13 1 0 0 —1.682 0 0 0 0 0 0 0 —0.594 —0.594 2.234 —0.594 0
14 1 0 0 1.682 0 0 0 0 0 0 0 —0.594 —0.59%4 2.234 —0.594 1
15 1 0 0 0 —1.682 0 0 0 0 0 0 —0.594 —0.594 —0.59%4 2.234 1
16 1 0 0 0 1.682 0 0 0 0 0 0 —0.594 —0.594 —0.59%4 2.234 0
17 1 0 0 0 0 0 0 0 0 0 0 —0.594 —0.594 —0.594 —0.594 1
18 1 0 0 0 0 0 0 0 0 0 0 —0.594 —0.594 —0.594 —0.594 O
19 1 0 0 0 0 0 0 0 0 0 0 —0.594 —0.594 —0.594 —0.594 0
20 1 0 0 0 0 0 0 0 0 0 0 —0.594 —0.594 —0.594 —0.594 1
21 1 0 0 0 0 0 0 0 0 0 0 —0.594 —0.594 —0.594 —0.594 0
22 1 0 0 0 0 0 0 0 0 0 0 —0.594 —0.594 —0.594 —0.594 1
23 1 0 0 0 0 0 0 0 0 0 0 —0.594 —0.594 —0.594 —0.594 1
LR LE 21 % SPSS BEiH kR4 1 4 K
L1 ¥R Logistic B35 #7 " IER
BFxf 35 3 B, R B SPSS 45 i # M. Table 4 Table of classification
Logistic [B1JH 43 87 B9 J7 15 #E 47 B8 4k 38, 4t 57 1] 5 Value of Prediction :
AR -y observations a4 Correct
0. 00 1. 00 percentage
y:1n(1fp):—8.806+11.31523— , 0.00 11 3 78.6
1. 00 0 9 100. 0
30.1997Z, +7.0972,Z, — 23.5982,Z; + Total percentage 87.0
15. 6382, Z, —7.655Z% — 7. 65573, (8
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