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A Study on Improvement on Dimensional Accuracy of SLS parts
using Taguchi Method
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Abstact

This paper proposes the test pieces of X, Y and Z axes to compensate the shape distortion of
Selective Laser Sintering(SLS) parts resulting from the phase change during the sintering process. In
the case of the proposed compensation test pieces of X, Y axes the accurate rates of shrinkage can be
measured with the reduction of curling which is obtained from adjustment of build orientation, and the
formula used to get scale factors are proposed with the shrinkage rates of them. The scale factors of
X, Y and Z axes are generated by building up proposed compensation test pieces. The generated scale
factors are required to satisfy the dimensional accuracy even if there are changes of the build position

and the size of SLS parts in the build chamber.

For this reason, it .is" proposed that the build

positions and the size be considered to be noise factors against the compensation test pieces, and a
method is also proposed that scale factors be selected to robustly maintain the dimensional accuracy of
SLS parts under the actual operating conditions with the application of the Taguchi Method.
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Fig. 1 The definition of SLS system in
Taguchi method
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Table 1 Operation conditions of the SLS

process

Laser Power 8 Watt

Part Heater 177.5°C
Piston Heater 135°C

Feed Heater(R/L) 105°C
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Table 2 Compensation rate of compensation
test pieces

X_Coordination
U(degree) X1 X2 X3
1° 1.0321 1.02754 1.02838
2° 1.03157 1.02828 1.0268
3° 1.0305 1.02722 1.0269
Y Coordination
V(degree) Y1 Y2 Y3
1° 1.03135 1.02902 1.02669
2° 1.03072 102575 1.02585
3° 1.03008 1.02987 1.02891
Z Coordination
Z1 y#) Z3 ZA 7s
1.01724 101482 1.01559 1.01574 1.01482

Table 3 Level of the controllable factor

Symbol Leveld | Levell | TLevel2
A 0.995 1 1.005
B 0.995 1 1.005
C 0.995 1 1.005
U 1° 2° 3°
D 0.994 1 1.006
E 0.994 1 1.006
¥ 0.994 1 1.006
v 1° 2° 3°
G 0.997 1 1.003
H 0.997 1 1.003
1 0.997 1 1.003
J 0.997 1 1.003
K 0.997 1 1.003
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Fig. 3 Parking location of test model (a) and
builded model in SLS process for experiment (b)

Table 4 Experimental result based on the
orthogonal array L2#(3") for the SLS process

Controllebsle factes ¥y

#of ’ n

o8t BCUDEFVGHIIK ¥
[1]
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0&034 0081341 O 0000683 © 9.1
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0002603 00065 _(.001841 0002667 0.02476 52549338
0002159 003048 0.002371 0.002000 0.001397 135362
[} 9 Q00 002857 0002952 Q. 1,219421
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17 3
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bi] [} 52501210
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Fi] 3) 0025710002381 0. 51871691
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Table 5 Selected level of the controllable
factors and scale factors

Symbol Levl | Value
A 2 . 1.005
B 2 1.005
C 1 1
U 2 3°
D 1 1
E 1 1
F 1 1
v 0 1°
G 1 1
H 2 1.003
1 0 0997
J 1 1
K 2 1.003
X Secale factor Y _Scale factor Z Scalc factor
1.0327 1.02902 1.01625
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Table 6 The dimensional errors in each sample

parts

Sample b.Iomin'al Tl;‘r:;l%h?y Turing by

dimension g DTM
method

1 128 mm| 128.3 mm| 128.7 mm

A 2 215 mmj 2154 mm|215.7 mm

3 173 mm| 173.3 mm| 173.6 mm

(Lage) 1™ 43 mm|  42.8 mm| 429 mm
5 142 mm| 142.3 mm| 142.5 mm

i 89.6 mm 89.8 mm| 899 mm

B 2 | 150.5 mm| 150.7 mm| 150.3 mm

. 3| 121.1 mm| 121.2 mm| 121.4 mm
(Medium) =301 mm| 30 mm| 302 mm
5{ 994 mm{ 99.6 mm| 99.8 mm

1 64 mm 64.2 mm| 64.3 mm

C 2| 107.5 mm| 107.7 mm| 107.7 mm

3 86.5 mm 864 mm| 86.7 mm

Small) 515 mm| 214 mm| 21.6 mm
5 71 mm 71.1 mm| 71.3 mm
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