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Taguchi experimental investigation on process energy
efficiency of laser direct metal deposition
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Abstract: In order to study influence of direct metal laser deposition process parameters on the process efficiency, a self-
developed HCX60 five-axis laser composite manufacturing center was adopted to carry out Taguchi experiment for process
efficiency. Signal-to-noise ratio analysis, range analysis and variance analysis were used to analyze the results. The influence of
laser power, powder feed rate, scanning rate, lifting capacity and overlap ratio on process energy efficiency was discussed and the
optimum combination of technological factors was put forward. The results show that, powder feeding rate is the most significant
parameter for the process of energy efficiency. The best combination of parameters is laser power P of 500W, powder feeding rate
S of 28¢/min, scanning speed v of 600mm/min, lifting capacity h of 0. 6mm and overlap rate A of 30% . The research provides
theoretical and experimental grounds for further studying the effect of process parameters on process energy efficiency and its
influence rule.
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a—laser power b—feed rate of powder
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Table 1  Chemical components of 316L stainless steel
chemical element C Ni Cr Mo Mn Si P S Fe
mass fraction 0.00021 0.12 0.18 0.026 0.015 0.0058 0.00027 0.00011 balance
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Fig.3 Schematic diagram of scanning path
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Table 2 Orthogonal experimental design of process parameters

level of ¥ v/

factor P/w (g- min ~! ) (mm - min ! ) h/mm X %
1 500 16 400 0.3 30
2 700 20 500 0.4 40
3 900 24 600 0.5 50
4 1100 28 700 0.6 60
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Table 3 Process efficiency of laser direct metal deposition

test number

E,/(]+mm™)

test number

E, /(] +mm™3)

1 499.5 9 1217.5
e b A UL \ 5 e
B EAC IR B 2, T 116 (4°) 0 E 0. . . y o
LB 16 AT ESE, BH T ZS /TR —1 3 53.2 1 178.3
BEALAAE o s (1) AR T2 248 frodf MY T 4 40.1 12 139.3
SRERE, B RN 3 PR, g 2. 19 56 2.2 19 > 782.9 13 1163.6
5 N 5 v SEL N 6 128.2 14 273.1
FP B 2 A 7 3 23 I e RS T 2 R O G A 1]
7 83.1 15 121.5
MRo
Table 4  Orthogonal test table and experimental result
factor measuring result
test
number laser power feed rate scan speed uplift overlapping light time of workpiece
P/W f/(g+-min~") »/(mm - min~") h/mm ratio A/ % single layer /s volume V/mm?
1 500 16 400 0.3 30 37.025 630
2 500 20 500 0.4 40 34.968 2744
3 500 24 600 0.5 50 33.805 5404
4 500 28 700 0.6 60 36.493 7741
5 700 16 500 0.5 60 50. 006 990
6 700 20 400 0.6 50 49.400 5971
7 700 24 700 0.3 40 25.250 4707
8 700 28 600 0.4 30 25.306 6067
9 900 16 600 0.6 40 39.500 730
10 900 20 700 0.5 30 21.944 2199
11 900 24 400 0.4 60 61.944 7818
12 900 28 500 0.3 50 39.944 6451
13 1100 16 700 0.4 50 29.306 743
14 1100 20 600 0.3 60 49.250 5319
15 1100 24 500 0.6 30 30.006 7284
16 1100 28 400 0.5 40 43.444 7535
—35- . =35 b -35 c
—40 -\ —404 /._,—r»—*' —40
g 451 \ g 45 845y -
7 50 B 750 %
o =501 a” =504 =501
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Fig.4 Response diagram of signal-to-noise ratio of E
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Table 5 Orthogonal polar difference analysis and variance analysis

laser power feed rate scan speed uplift overlapping
content P/W /(g min~!) o/ (mm + min~1) h/tam ratio A/%
ky 175.1 838.5 243.9 248.6 227.4
k 264. 6 183.6 287.9 378.7 317.7
ky 362.9 109. 0 325.1 307.6 371.0
ky 432.0 103. 6 377.8 299. 8 318.5
K 256.9 734.9 133.9 130. 1 173.6
priorities f>P>A>v>h
devsq 151657.327 1512966. 772 38679. 667 34353.722 42673.852
degrees of freedom 3 3 3 3 3
F 0.426 4.249 0.109 0.096 0.120
threshold of F 3.290 3.290 3.290 3.290 3.290
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