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Benchmark Study of Rapid Prototyping Processes and the Development of
Decision-support System to Select Appropriate RP Process and Machine

Il Lang Yi", I Yong Chung?, Byung Wook Choi" and Young Tag Keum"™

ABSTRACT

In this paper, benchmark tests of Rapid Prototyping(RP) are presented to evaluate characteristics of various RP
Systems and Processes, and several decision-support systems are developed to select RP Machine/Process suitable to
user’s requirements. Results of the RP benchmark tests are applied to the recently developed RP machines for the
purpose of analyzing attributes such as dimensional accuracy, surface roughness, build cost, build time, and etc.
Decision-making support systems are also developed, which contain not only new LCE (Linear Confidence Equation)
algorithm but also modified PRES and MDS algorithm. Those algorithms are proved to be effective in that reasonably

acceptable results are obtained on several cases of different inputs.
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Table 1 RP system for the benchmark test

Model Name Company Process Material
FDM TITAN Stratasys(USA) FDM  Polycarbonate
EOSINT P380 | EOS GmbH(Germany)  SLS Polyamide
Quadra™  {Objet Geometries(lsracl) Inkjet  Acrylate
Viper si2 3D Systems(USA) SL Epoxy
SOUP 1 600GS CMET(Japan) SL Epoxy

Fig. 1 Test model for the benchmark test
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Table 2 Measuring items for the accuracy

No. ITEM No ITEM
1 Base Length (X) 14 Roof thickness
2 Base Width (Y) 15 Roof height
3 Base thickness 16 Protrusion angle
4 Height (Z) 17 ] Small Cylinders Diameter
5 Round Hole Diameter 18 Small Cylinders height
6 Round Hole thickness 19 Centre upper Cylinder Dia.
7 Thickness of Wall 1 20 | Centre upper Cylinder height
8 IMS letters Height 21| Centre lower Cylinder Dia.
9 Thickness of Wall 2 22 | Centre Cylinder Base height
10 | Thickness of Slop] at Wall 2 | 23 Pillar Length (X)
1t | Thickness of Slop2 at Wall 2 | 24 Pillar width (Y)
12 Angle of Slop1 at Wall 2 25 Pillar height (Z)
13 Angle of Slop2 at Wall 2

Table 3 Measuring items for the surface roughness

No. ITEM No ITEM

S1 TSB X direction S4 SSB Y direction
S2 TSB Y direction S5 SSP Z direction
S3 FSB X direction

Fig. 3 Measurement points on the test model
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_Table 4 Measurement result - dimensional deviation

No

14
15

\4
-0.110
-0.140
0.083
0.103
-0.142
0.03t
0.062
-0.176
0.005
0.075
0.095
0.090

No. \4

-0.048
0.117
0.042
-0.198
0.148
-0.026
0.069
0.084
0.002
0.034
0.021
-0.030
-0.143

S

-0.048
0.298
-0.298
-0.258
-0.066
0.076
0.040
0.119
0.016
0.016
0.031

0.124
0.251

T

0.137
0.150
-0.326
0.036
-0.004
0.071

-0.002
-0.136
21-0.019
0.121

0.076
-0.053

E
-0.007
-0.184
-0.029
0.145
0.054
0.161
0.050
-0.326
0.128
0.270
0.366
0.034

T
0.386
0.331
-0.021
-0.019
0.217
-0.028
0.032
0.000
0.059
0.030
-0.033
-0.046
-0.144

¢ T. Titan(FDM), E: EOS(SLS). Quadra(lnkjet)
Soup(SLA

E
-0.099
-0.262
-0.165
-0.338
-0.420
0.062
0.099
-0.169
0.198
0.118
0.126
-0.136
0.517

Q
-0.119
0.174
0.038
-0.743
0.037
-0.225
0.079
0.016
-0.265
-0.095
-0.083
-0.713
-0.980

Q
-0.043
0.215
0.100
0.153
-0.018
-0.081
-0.081
-0.463
-0.012
-0.341
-0.162
0.032

-0.142
0.060
-0.234
0.094
-0.009
0.040
0.021

-0.301
-0.015
0.058
0.070
0.108

H
2
3
4
5
6
7
8

9
10
1
12
13

X

Viper_si2(SLA)

B 15mm "
a 100mm’

4.5

Viper si2
(sL)

Average

Quadra
(inkjet)

Deviation(%), z-dir.

Fig. 4 Relative percentage error in z-direction
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Table 5 Average deviation of each RP system

Model Process  Avg.dev.(um) Accuracy(%)

TITAN FDM 99.1 0.79

EOSINT SLS 178.4 1.97

Quadra™ |  Inkjet 210.6 1.77

Viper si2 SL 83 1.16

SOuUP SL 117.8 1.03
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Fig. 7 Build cost associated with each process
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Fig. 8 Linear graphs to generate confidence values
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Fig. 9 Flow-chart of a LCE algorithm
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Table 6 Input table of weights and requirements

o
=
7
Z
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User’s Input A R C T S
Case 1} 0.4 0.3 0.1 0.1 0.1

(\‘;;eli'éﬂ':s‘) case2| 01 01 04 03 o1
Case 3} 0.1 0.1 04 0.1 0.3

2 nput foputAl 50 0.1 400 5 150
(Requirements)j, i gl 138 27 810 166 53.1

%44 A:Accuracy, R:Roughness, C:Cost . T:Time, S:Strength
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Table 7 Application results

Input Results
1* Input { 2™ Input | E-PRES M-MDS LCE
I.SLA_V | 1.SLA_V
Input A 1SLA V 2SLA_S | 2SLA_S
- 3.FDM 3.FDM
Case | 2.SLA S
: T 1.SLA S | 1.SLA S
3.FDM - —
Input B 2.8LA V | 2SLA V
3.FDM 3.FDM
1.Inkjet 1.Inkjet
Input A Linkiet 2SLA_S | 2SLA_S
i 3.5LS 3SLA V
Case 2 2.5LA_S -
- 1.Inkjet 1.SLA_S
3SLA V .
Input B - 2.SLA_S | 2.Inkjet
3SLA V | 3SLA V
1.FDM 1.FDM
Input A 2SLA_S | 2SLA_S
I.SLA_S 3SLA V | 3SLA V
Case 3 2.FDM
3SLA v | I-SLA_V | 1.FDM
Input B - 2.FDM 2SLAV
3SLA S | 3.SLA S
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