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combining a metal-additively-manufactured insert and injection molding. Width
(W), height (H), and spacing (P) were defined as the design variables, and 27
designs were generated using a design-of-experiments approach. Moldex3D
simulations were conducted to evaluate the filling behavior and pressure
distribution, identifying geometries with stable molding performance, whereas
ANSY'S mechanical analyses assessed the total deformation and equivalent stress.
The resulting optimal geometry satisfied both molding and structural requirements.
Topology optimization was then applied to reduce weight, and the structural
performance was maintained after lightweight design, thereby improving design
efficiency and enhancing industrial applicability.
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Fig. 1 Anchor-lock joining process flow
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[ Specimen design & geometric parameters ]
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Fig. 2 Flow chart
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Table 1 Analysis conditions

Material PP (LG Chem. LupolTE-5108), Aluminum
Melt temperature 220°C
Mold temperature 30°C
Filling time 0.5 s
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Table 2 Design factors and levels for the full factorial design

Case No. Width (mm) Height (mm) Spacing (mm)
1 1.5 1.5 3
2 1.5 1.5 35
3 1.5 1.5 4
4 1.5
5 1.5 3.5
6 1.5 4
7 1.5 25
8 1.5 2.5 35
9 1.5 2.5 4
10 2 1.5
11 2 1.5 35
12 2 1.5 4
13 2 3
14 2 3.5
15 2 4
16 2 2.5
17 2 2.5 35
18 2 2.5 4
19 25 1.5
20 25 1.5 3.5
21 25 1.5
22 25
23 25 3.5
24 2.5 4
25 2.5 2.5
26 25 25 3.5
27 25 25 4
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Table 3 Properties of materials

Polypropylene | Aluminum
Density (kg/m’) 939.2 2770
Young’s modulus (GPa) 1.5 70
Poisson’s ratio 0.4 0.3
Tensile yield strength (MPa) 34.1 280
Tensile ultimate strength (MPa) 36.7 310
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R 016 = 12683
g0:154 gm-
% l "3,"22'
Z o2 0.15 3 »
0.150 - 1207 "y
v v
0148 0:4 HS-"{&;"'“

35 40

P (mm)

30 35
P (mm)

Fig. 7 Structural analysis results: (a) total deformation, (b)
equivalent stress
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u = Displacement field

f = Distributed body force (gravity load etc.)
F, = Point load on i" node

w = i" displacement degree of freedom

t = Traction force

S = Surface area of the continuum

¥V = Volume of the continuum
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