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Strength Prediction Model of Rapid Prototyping Parts - Fused Deposition Modeling (FDM)

Sung-Hoon A, C. Sunyoung Lee”, Changil Back™ and Wonshik Chu’

ABSTRACT

Rapid Prototyping(RP) technologies provide the ability to fabricate initial prototypes from various model
materials. Stratasys' Fused Deposition Modeling(FDM) is a typical RP process that can fabricate prototypes out
of plastic materials, and the parts made from FDM were often used as load-carrying elements. Because FDM
deposits materials in about 300m thin filament with designated orientation, parts made from FDM show
anisotropic material properties. In this paper an analytic model was proposed to predict the tensile strength of
FDM parts. Applying the Classical Lamination Theory, which was developed for laminated composite materials,
a computer code was implemented. Tsai-Wu failure criterion was added to the code to predict the failure of the
FDM parts. The tensile strengths predicted by the analytic model were compared with experimental data. The
data and prediction agreed reasonably well to prove the validity of the model. In addition, a web-based
advisory service(FDMAS) was developed to provide strength prediction and design rules for FDM parts.
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Fig. 1

A schematic diagram of Fused Deposition Modeling
process.

Fig. 2 Scanning Electron Microscope(SEM) picture of the
fracture surface of an FDM specimen.
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Fig. 3 Top view of tensile specimens with various raster angle.
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3.1 Classical Lamination Theory
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Fig. 4 Definition of off-axis and on-axis coordinates.
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Fig. 6 Definition of resultant forces and moments.
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3.2 Tsai-Wu Failure Criterion
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Table 1 Material constants of FDM ABS (-0.003 air gap)
Property Value
Longitudinal tensile strength 22.1 MPa
Transverse tensile strength 14.4 MPa
Longitudinal compressive strength 39.2 MPa
Transverse compressive strength 35.5 Mpa
Shear strength (in-plane) 10.0 MPa
Axial modulus 25.1 GPa
Transverse modulus 9.49 GPa
Shear modulus 1.41 GPa
Poisson’s ratio 0.367

Fig. 7 Specimens after tensile tests.
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Fig. 10 The calculation module of FDMAS for failure prediction.
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g. 8 Results of strength prediction from the model. Fig. 11 The result of above calculation.
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