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Process Parameters Optimization of Polystyrene Powder Selective Laser
Sintering Based on Response Surface Methodology

Yan Ran'”, Li Hao?, Li Junchao®*, Zhu Li!

'Mechanical college, Chongqing University of Technology, Chongqing 400054, China ;
*College of Materials science and engineering , Chongqing University, Chongqing 310027, China

Abstract Taking polystyrene powder as experimental material and dimensional accuracy as evaluation index, we
study the effects of laser power, scanning pitch, layer thickness and scanning speed and their interactions on the
forming precision of selective laser sintering parts. The mathematical model between process parameters and
dimensional accuracy are achieved and the optimal process parameters are obtained by response surface
methodology. The research results show that the dimensional deviation rate decreases with the increase of laser
power and scanning speed, increases at first and then decreases with the increase of layer thickness, and increases
with the increase of scanning pitch. The interaction between laser power and single layer thickness and the
interaction between scanning pitch and layer thickness have a significant effect on the dimensional deviation rate.
The maximum error between the predicted value of the response surface method and the actual value is less than
7%.

Key words laser technique; selective laser sintering; response surface methodology; dimensional accuracy;
polystyrene powder
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Table 1 Experimental factors and levels

Factor
Level Laser power percentage /% Scan pitch /mm Layer thickness /mm Scan speed /(mmes ')
1 30 0.12 0.15 1800
2 40 0.16 0.20 2000
3 50 0.20 0.25 2200

A 1
Fig. 1 Tested samples

DR 1
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Table 2 Design parameters and results of experiments

Laser power Scan Layer Scan
No. Errorin X /% ErrorinY /%
percentage /% pitch /mm thickness /mm  speed /(mmes ')

1 50 0.16 0.2 1800 0.840 0.892
2 50 0.2 0.2 2000 0.733 1.36
3 40 0.12 0.2 2200 0.340 0.608
4 30 0.16 0.2 1800 0.383 1.172
5 40 0.12 0.2 1800 0.913 1.36
6 30 0.16 0.2 2200 0.823 0.976
7 30 0.2 0.2 2000 0.977 1.748
8 40 0.2 0.25 2000 1.217 1.768
9 30 0.16 0.15 2000 0.857 1.528
10 30 0.12 0.2 2000 0.010 0.808
11 40 0.16 0.2 2000 0.473 1.044
12 40 0.2 0.2 2200 0.540 0.8
13 40 0.16 0.2 2000 0.460 1.012
14 50 0.16 0.25 2000 0.903 1.408
15 40 0.16 0.15 2200 0.757 1.024
16 30 0.16 0.25 2000 1.337 1.792
17 40 0.16 0.15 1800 1.270 1.848
18 40 0.12 0.15 2000 0.580 0.924
19 40 0.16 0.25 1800 0.687 1.276
20 40 0.2 0.15 2000 0.617 1.372
21 50 0.16 0.15 2000 0.490 1.036
22 40 0.16 0.2 2000 0.737 1.164
23 50 0.12 0.2 2000 0.300 0.924
24 40 0.12 0.25 2000 0.887 1.224
25 50 0.16 0.2 2200 0.773 0.648
26 40 0.16 0.25 2200 0.690 0.872
27 40 0.2 0.2 1800 0.597 1.136

t2 2 ALY i i RSH e 25 % KT X Jrm
R SH i 22 3L BT LA Y J7 16 ROSF i 22 % B bR
{H WA T HEAT IR 5 12 05 22534, IF o — 2L 5 i AN
K38 B I Bk 25 R an 3k 3 frow, Hop Y AR
WE L N ACERA B E RN T HE Z 0,
A REOEYIR B HHEEIE,C KRR, D N
BB, AB RN O R A AL FAE L AC,
BC.BD.CD & X[l I, P I F jZRkRIEALR 5
HRUEBREMITESRE ., @EY P /NT
0.05HF 301 R - %F H 5 oR 559 5% i 2, 2k JUL 900
FooR BNE 5 B AR RE LG 138 3 SR H R B Hy R R
RWI P R, TG, AR P Ry
0.0028,iE/NTF 0.05, KR4I P WK T 0.1, KR
R MO RRLA R, RPN ZI0H 5 R 5 R
R* 5% R* ¥ KT 0.5, £ BB ROE B, 75X R

W AN B E MR Row M 8,562, KF 4.3
FEER . AR AR R 25 AR A A0 ] 2 TR L BIOR
SR ARE— S A I, X 3 bR v 1L 5 22 0 2 IE
AT . D7 R TR 5 S PR =22 1R) Y 25 S R 3
i BAE S 5] i AT AE LR, 2 — 25 B TR
R4 M
23 EPAFE

FENE S A AL, PE /T 0,05 R 2 o %
HZE P {A/NF 0.01 £onmidEs &%, P E/N,
HEHWMEE, &3S hHREN P HTH,
A.B.D.AB.C° R EWNE, FHEZMMK EK
)%k D>C*>A>AB>B>D*>CD>BD >
C>AC>BC, MAFTZSHEAE TR W2
AT R BUE LA, AT A5 RS iR 22 560 [ 05 7 F

0302015-3



H = # ot

# 3 ALALBIRIA J7 22 0 Ml 2R

Table 3 Variance analysis results of optimized model

Source of variance Sum of square  Degree of freedom Mean square error F P Significant
Model 2.46 11 0.22 5.09 0.0028 Y
A-Laser power 0.41 1 0.41 9.26 0.0088
B-Scan pitch 0.20 1 0.20 4.62 0.0495
C-Layer thickness 0.031 1 0.031 0.70 0.4166
D-Scan speed 0.63 1 0.63 14.40 0.0020
AB 0.21 1 0.21 4.88 0.0443
AC 2.916 X107 1 2.916X107° 0.066 0.8005
BC 2.304 %10 ° 1 2.304X10°° 0.052 0.8222
BD 0.043 1 0.043 0.98 0.3380
CD 0.044 1 0.044 1.00 0.3336
C* 0.58 1 0.58 13.22 0.0027
D* 0.080 1 0.080 1.83 0.1975
Residual 0.62 14 0.044
Lack of fit 0.60 12 0.050 7.82 0.1188 N
Pure error 0.013 2 6.421x10°
Total 3.08 25
R* 0.7999 R* adjustment 0.6927 R sk 8.562
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Fig. 5 Relationship of dimensional deviation rate versus laser power and scanning pitch.

(a) Response surface diagram; (b) contour map
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Fig. 6 Relationship of dimensional deviation rate versus laser power and layer thickness.

(a) Response surface diagram; (b) contour map

P 7 7% O RS s 22 24 5 414 1) B 0 0 2 PR )88
2% & 7n BB GROE SR 4000, £ 3 JE
2100 mm/'s) o 4 6] BE — 7 I, RS M 22 < Bl 5 o
J2 TR JEE A3 SE I/0N Ji 39 K {EL s TR 38 A A
5, RIVZ TSRS RO i 22 R W52 i 5/ . 24 R R

— 5 I RUSH i 22 23 B 41 43 1) 9 388 DR i 4 k.
7 (b) 7 » 45 i 2 AR Ui R 2 5 e L R4
i 5] 15 S22 L 88 2 ] A 5 A AW ROSH e 4 R 114
SR AN 25 DRI S5 P i 28 I 328 BB /)N ) 41 48
[ B 53 P i 2 R

0302015-5



h 5| 7 it
. . Dimensional
@ delx)zilg;l?;lrflgtlgl ™ (b) deviation rate /%
éo 1.8 = 1.8
S o 16 1.8
EE14 P g L6
@ = 1.2 : = 14
3.2 1.0} 14 @ :
ES 081\ 1.2 £ 12
2% 06 g
g0 1.0 £ 1.0
0.25 s 5 0.8
%02 0.6 g 0.6
0% 1 : < 020 8.421 0.15 o
49 015, 014 g'/lrﬁm ' ’ 0.12 014 016 018 020 =02
2 "+ gcanning pite Scanning pitch /mm

7 RUST i 25 %8 5 41 4 1] R0 J2 JEE B 9% G R /R BRI . Cad M E TRT T 5 (o) 568 i £

Fig. 7 Relationship of dimensional deviation rate versus scanning pitch and layer thickness.

(a) Response surface diagram; (b) contour map
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Fig. 8 Relationship of dimensional deviation rate versus scanning pitch and scanning speed.

(a) Response surface diagram; (b) contour map
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(a) Response surface diagram; (b) contour map
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Table 4 Optimal process plan and model verification

Laser power Scanning Layer Scanning speed / Predicted Real Predicted
Condition No.
percentage /% pitch /mm  thickness /mm  (mmes ') S /% S /% error /%
1 50 0.12 0.19 2200 0.538
2 50 0.12 0.19 2199.98 0.540
Optimal 3 50 0.12 0.18 2200 0.541 0.53 5.0
4 50 0.12 0.20 2200 0.558
5] 50 0.12 0.17 2200 0.568
6 30 0.2 0.15 2000 1.958 1.837 6.2
Verification
7 40 0.16 0.25 1800 1.436 1.39 3.2
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