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Abstract Recently, 3D printing technology has been applied to make a concept model and working mockup of an
industrial application. On the other hand, this technology has limited applications in industrial products due to the
materials and reliability of the 3D printed product. In this study, the components of a full cord switch module are
proposed as a case of a 3D printed component that can be used as a substitute for a short period. These are hub-driven
and lever lockup components that have the structural characteristics of breaking down frequently in the emergency
operating status. To ensure the structural strength for a substitute period, research of structure optimization was
performed because 3D printing technology has a limitation in the materials used. After optimizing the structure
variables of the hub-driven component, reasonable results can be drawn in that the safety factors of the left and right
switching mode are 1.243 (A153.67%) and 3.156 (A404.96%). The lever lockup component has a structural weak
point that can break down easily on the lockup-part because of a cantilever shape and bending moment. The rib
structure was applied to decrease the deflection. In addition, optimization of the structural variables was performed,
showing a safety factor of 7.52(A26%).
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Fig. 1. Working process of pull cord switch module

(a) Pull cord switch module
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(b) Hub-driven component




(c) Lever lockup component

Fig. 2. Main components of pull cord switch module
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Fig. 3. Constraint conditions of hub-driven and lever
lockup components
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Fig. 4. Breakdown results of hub-driven and lever
lockup components (PVC material, Injection
molding process)
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Fig. 5. Breakdown results of hub-driven and lever
lockup components (Aluminum material,

Simple casting process)
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(b) Lever lockup component

Fig. 7. 3D measured CAD data of original components
(PVC material, Scanning probe method)
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(a) 3D printing manufactured components (ABS)
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(b) Hub-driven component
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(c) Lever lockup component

Fig. 8. 3D measured CAD data of 3D printed
components (ABS material, Scanning probe
method)
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(b) 3D printed components (ABS, Shore D = 74.3)

Fig. 9. Shore D type hardness measurement results

EE A PES A Aol TE AP 5
& 23} Fig. 103} o] 8|1 P50 ATl gt
o] ofihz AL T & Utk ol Ak A&
34 A48 98 F2H ) WA BAsh Sy A7
9l9 QT WAl Aoby A7) 3D TAY A



=}
i

A 4T = EA AT A0E, 2016

i
30
Rl
o
)
-
BN
o
Mo
é’
it
rlo

A =T AR ZIAA BE
7IAA 540l 4% 3D =
Z—LQ_O].O:] ABS /\Zﬁoﬂ/ﬂ tﬂ-

o2

o

[t

A

b i

[
gi

i
ol
ol

Breakdown Part ‘i

10. Experimental results of 3D printed components

"o (FDM method, ABS material)
Table 1. Comparing data of 3D printing material
property
Material PVC ABS Ultem
Density(Kg/m’) 1370 1200 1340
Young's Modulus(MPa) 2840 2200 2200
Poisson's Ratio 0.4 0.35 0.36
Tensile Strength(MPa) 339 31 88
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Fig. 11. Specifications of torsion spring (Hub-driven

component)
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(a) Left switching mode (b) Right switching mode

Fig. 12. Switching mode according to the lever
operating direction
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(a) Original Model (b) Case-I

Fig. 15. Structural optimization for releasing the

stress of open-shell structure
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Fig. 16. Structural safety factor analysis result

(Case-1, Left switching mode)

(a) Neck diameter : A2mm

(b) Plate thickness : Almm

<

(c) Pocket wall thickness : A lmm

Fig. 17. Structural optimization for releasing the
stress of neck part (Case-II Model)
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Lockup Pa Compression Spring
(a) Lever lockup component
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(b) Specifications of compression spring

Fig. 20. Lever lockup component and specifications
of compression spring
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Fig. 21. Redesign and structural analysis results of
lever lockup component (Left : original
model, Right : Redesigned model)
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