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Investigation into Directional Properties of Rapid Prototypes and Its Application to FE

Analysis Considering Anisotropy
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Rapid Prototyping (RP) has been widely used for rapid development of prototypes in various
industrial fields. In recent years, a new requirement in RP industry has issued so as to directly
manufacture a functional prototype which has enough mechanical properties to be used as a
functional part. The RP prototype, however, has a limitation in mechanical properties due fo its
layer-by-layer manufacturing process. This manufacturing process results in anisotropy of the
prototype, especially showing weakness in the building direction. In the present work, we
performed tensile tests for RP prototypes in order to determine directional mechanical properties.
The test specimens were made by using Eden330™ by Objet Geometries Ltd. Finite element
analyses considering material anisotropy were then carried out for RP prototypes with various
building directions. Effect of the building direction on the mechanical strength was investigated
through the analysis, and compared with experimental results.
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Fig. 1 Working principle of Objet Eden330%®

Table 1 Mechanical properties of FullCure®720

Property Content
Elastic modulus (MPa) 2870
Tensile strength (MPa) 60.3
Flexural strength (MPa) 75.8
Elongation at break (%) 15~25
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Fig. 2 Specimens for tensile test with various building

directions (%, y, and z directions)

Table 2 Comparison of elastic modulus and tensile
strength with various building directions

Direction X Y Z

Elastic modulus (MPa) 2357 1954 4303
Tensile strength (MPa) 4477 | 44.57 13.76
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Fig. 4 Specimens for compression test with various
building directions (X, y, and z directions)
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g AEAHE AEE AYEFe ABS X (Starex
SR-0320)8 AFE3F 0™, Table 3 o |G A5
EAE gk gict Al EE 49 MPa 2 dAlE
EX(60.3 MPa)2] 80% Aol d|F3gct.

Table 3 Mechanical properties of Starex SR-0320

Property Content
Elastic modulus (MPa) 2400
Tensile strength (MPa) 49.0
Flexural strength (MPa) 69.0
Elongation at break (%) 10 ~20

Fig. 5 RP prototype for the rectangular case (X-direction)

Fig. 6 Experimental setup for the compression test
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(a) RP prototype (X-direction)

[aUET N R I 1T

(b) Injection-molded ABS part
Fig. 8 Shapes of failure in the compression test
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(b) Distribution of the von-Mises stress (RP-x)
Fig. 9 Finite element analysis results
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Table 4 Comparison of the calculated directional stress
components and the modified safety factors
Direction RP(x) RP(y) RP(z) c
Maximum | oy 36.69 35.21 33.22 44.77
Stress Oy 41.44 46.55 22.34 44.57
(MPa) o, 7.46 20.22 19.54 13.76
Modified | A« 1.002 1.044 1.107 -
Safety Ay 0.732 0.652 1.358 -
Factor Ay 0.422 0.463 0.171 -

*

0.5

Critical safety factor

RP(x) RP(y) RP(z)

Fig. 11 Comparisons of the critical safety factors
according to the building directions
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