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ABSTRACT The experimental design Taguchi method and response surface methodology were used to optimize the process
parameters of the selective laser melting for Ni-based superalloy (laser power, scanning speed and scanning spacing). The effect of the
process parameters on the relative density of the final samples was determined by using the relative density as the evaluation standard.
Based on the analysis of variance, signal-to-noise ratio, main effect diagram, and response curve, the effects of the process parameters
and the parameter interactions on the relative density of samples were evaluated. In the results, the effects of the process parameters on
the relative density of the final samples vary greatly, the scanning spacing shows the largest effect, followed by laser power and
scanning speed. In addition, the interaction between scanning speed and scanning spacing is also significant for the effect on the sample
relative density. The best process parameters obtained by two different optimization methods are the same as the laser power is 280 W,

the scanning speed is 1000 mm-s~', and the scanning spacing is 0.12 mm.
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Table1 Chemical composition of the nickel-based powder

superalloys %

Al Cr Fe Ti Y Cu Si C Ni

025 21.00 0.85 0.57 0.68 0.009 0.002 0.059 K&
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Fig.1 Schematic diagram of the selective laser melting
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Fig.2 Application of the scanning strategy in the selective laser

melting experiment
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Table 2 Input parameters and the levels of Taguchi method
AP WO /W R / (mmes™) SR B / mm

K1 240 600 0.09
K2 280 800 0.12
K3 320 1000 0.15
K4 360 — —
K5 400 — —

%3 WM Box-Behnken 43 #T RH A S 4 LK
Table 3 Input parameters and the levels of Box-Behnken

analysis in response surface

ESEN

r BOETIZR /W R / (mmes™)  FAHEREE / mm
-1 280 600 0.09
0 320 800 0.12
1 360 1000 0.15
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WRHEE 4 PrfEEL, FIH ANOVA #9511 %
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Table 4 Relative density and signal-to-noise ratio recorded by

Taguchi method
BSEA Wi S
IS MOt /I /G ) AR/ gL
w (mm's™) mm % dB
1 320 800 0.09 95.97 39.64
2 400 600 0.12 95.42 39.59
3 400 800 0.15 94.74 39.53
4 400 1000 0.09 95.76 39.62
5 360 1000 0.09 96.61 39.70
6 360 800 0.15 94.96 39.55
7 320 600 0.15 94.29 39.49
8 280 600 0.09 96.19 39.66
9 280 1000 0.12 96.85 39.72
10 400 600 0.09 95.38 39.59
11 240 1000 0.15 93.70 39.43
12 240 600 0.09 95.83 39.63
13 320 800 0.09 95.97 39.64
14 280 600 0.15 96.29 39.67
15 360 800 0.09 95.35 39.59
16 240 800 0.12 95.96 39.64
17 400 800 0.12 95.36 39.59
18 240 600 0.09 95.83 39.63
19 240 800 0.12 95.96 39.64
20 360 600 0.12 95.40 39.59
21 280 800 0.12 95.49 39.60
22 320 600 0.12 96.44 39.69
23 280 800 0.09 95.40 39.59
24 360 600 0.12 95.40 39.59
25 320 1000 0.12 96.54 39.69
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Table 6 Average signal-to-noise ratio and the range of each

&SRR 250

Table 5 Variance analysis of the relative density

¥i‘§5(i‘ﬁIjJ$/i‘il}’m1$F§/?ﬂfﬁlzltﬁ/yﬁ%i%% 2t

w (mm's™)

H 4 2 2 12 20
SEJ7A 0.017280  0.006672  0.033382  0.0430510.100385
FIrME 0.003780 0.002618  0.016691 0.003588 —

F{H 1.05 0.73 4.65 — —
PlH 0.421 0.502 0.032 — —
oiEk /% 17.21 6.65 33.25 42.89 —
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factor dB
K- - : —
Wole & EEETlpu iy AR
7KF1 39.57 39.61 39.63
K2 39.65 39.59 39.64
K3 39.63 39.64 39.54
K4 39.61 — —
K5 39.58 — —
W 7= 9 H 0.08 0.04 0.10

Hr 2 3 1
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m
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Fig.3 Signal-to-noise ratio of relative density for various

factors
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Table 7 Process parameters and the relative density of RSM

based on Box-Behnken design
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w (mm-s ) mm R=95.82-0.27xA+0.56x B—0.091 x C +0.072x
1 360 800 0.15 94.96 AXB—-022XAXC+0.36xBxC+0.124% +0.26X
2 280 600 0.12 96.13 B> -0.54%xC? 4)
3 320 800 0.12 95.82 4 MM R BE AR IEASMER A, S
4 360 600 0.12 95.40 hAFRE 8 E 1Rk 22 SE BB S PAE /A . 18] 4 2
5 320 800 0.12 95.82 N HAEDO B B AR 22 A K 2 B T — 4 H 4k |,
6 280 800 0.0 95.40 Bl 5 HoRE T RE PR 5 2 S B {5 TROINA S 30 G A
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13 320 1000 0.15 96.37 280 W, 9 #5# FF 1000 mmes BL K 31 4 18] B
14 320 800 0.12 95.82 0.12mm, FFHEEAELESEMNHEREL ()
15 360 1000 0.12 96.41 AL (5 #EAT RSN,
16 280 800 0.15 95.89 a
17 320 600 0.09 95.43 =1 + ; (7 =7m) )
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Table 8 Statistics for each model

R Y% MKERE, R PR e R T P e F AL T 2> 7 Rl TERE A
— PR 0.44 0.5558 0.4533 0.0755 5.860 —
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Table 9 Variance analysis of response surface quadratic model 9 .y
95 o
B PR AWM ¥z F{H PH Prob>F e gg > =
A 5.340 9 059 17.86 0.0005 &3 % ;3 g?,- i
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B 2460 1 2450 7414 <0.0001 — 10t A
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2
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Fig.6 Response optimization curve corresponding to the relative density: (a) laser power; (b) scanning speed; (c¢) scanning spacing
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Table 10 Predicted and confirmatory values in experiment of TM and RSM

NS AR 1 % )
ik . — . - - R %
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Table 11 Predicted and confirmatory values in experiment by TM

2 w% *HXT l'l %
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WotThE /W FIHGESE /(mmes) S/ mm R B CJE&EI\?EEI ZAE L %
. 280 1000 0.12 96.87 96.61  +4.24[92.37,100.85] 0.26
: 240 1000 0.15 93.98 94.95 +4.24[90.71, 99.19] 0.97
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