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With advancements in the 3D printing technology, many industrial sectors are transitioning from traditional production
methods, such as cutting processing, and casting, to utilizing 3D printers for manufacturing. For instance, in the automotive
industry, the production of vehicle upright knuckle parts typically involves casting followed by machining processes, such as
turning and milling, to achieve dimensional accuracy. However, this approach is associated with high processing costs and
longer lead times. This study focuses on the production of vehicle upright knuckle parts using a selective laser melting
(SLM)-type 3D printer, with SUS 630 as the material. To evaluate the feasibility of utilizing this method in industrial vehicles,
this study conducts static and modal analyses, along with topology optimization. Additionally, experimental test drives are
performed with the parts installed in KSAE BAJA vehicles, and modal frequency experiments are conducted. The objective
of these analyses and experiments is to assess the performance, reliability, and applicability of utilizing SLM-based 3D
printing for manufacturing vehicle upright knuckle parts by optimizing the design through topology optimization and

evaluating the results through experiments and analysis.
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Table 1 SUS630 mechanical properties and simulation model
conditions

Mechanical properties Nominal value

Tensile modulus 197 [GPa]
Poisson’s ratio 0.3
Shear 0.319 [GPa]
Density 7,780 [kg/m’]

Tensile strength 1.31 [GPa]
Compression strength 1.3 [GPa]
Yield strength 1.17 [GPa]

Simulation condition Nominal value
Mash size 3 [mm]
Force 800 Y [N]

(a) KSAE BAJA upright (b) Boundary condition

Fig. 1 Comparison of boundary conditions between experiment and
simulation conditions

Fig. 2 Boundary conditions for topology optimization model
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(a) After topology optimization

(c) Actual Product using SLM 3D printer

Fig. 3 Topology optimized models of simulation and manufacturing
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(a) Stress result of initial model

m

(b) Strain result of initial model

(c) Stress result of optimized (d) Strain result of optimized

Fig. 4 Static structural simulation results of both initial model and
optimized model

(a) Initial model (b) Topology optimized model

Fig. 5 Results of modal simulation
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Fig. 6 Stair drop experiment

(a) Length deformation (b) Bearing holder deformation

Fig. 7 Measuring deformation of the knuckle part

(a) Mesh model in Ansys

(b) Modal test

Fig. 8 Experimental facility for measure frequency experiment
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Fig. 9 Frequency graph using RIGOL DSA815
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(a) First mode shape (b) Second mode shape
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(¢) Third mode shape (d) Fourth mode shape

Fig. 10 Modal simulation results with ANSYS
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