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ABSTRACT

Topology optimization is applied for the optimal design of various products to ensure weight reduction and
productivity improvement. Reducing the weight of the mold while maintaining its rigidity can ensure shortening
of the production cycle, stabilization of the mold temperature, and reduction of mold material costs. In this
study, a topology optimization technique was applied to the optimal design of the injection mold, and a
topology-optimized model of the mold was obtained. First, the injection mold for the square specimens was
modeled. Subsequently, a structural analysis was performed by implementing a load condition generated during
the injection molding process. Topology optimization was performed based on the structural analysis results, and
the models of the initial and topology-optimized designs were manufactured at 1/4 magnification using a 3D
printer. Consequently, compared with the existing model, the weight of the topology-optimized model decreased
by 9.8%, and the manufacturing time decreased by 7.61%.

Keywords : Topology Optimization(?| &% S}), Injection Mold(AFE 2&), Weight Reduction(d &sh,
3D Printing(3D Z2I&), FEA( SR A)
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Table 1 Chemical composition of AISI P20 and
Polypropylens(wt%)

Element C [Mn|Si|Cr |[Mo|Cul| O

AISI P20 03 ]06]0.2]14]03/0.25

Polypropylens | 95.24 4.72

Table 2 Material properties for FEA

1;12801 Polypropylens
Density [kg/m’] 7,200 939.2
Thermal conductivity [W/m°C]| 52 0.269
Specific heat [J/kg°C] 447 1,845

Young’s modulus [GPa] 207

Poisson’s ratio 0.3

Tensile yield strength [GPa] | 0.85

Compressive yield strength
[GPa] 0.862

Melting temperature [°C] 160

1E-10
(at O[°C])

1.8216E+07
@at 120[°C])

10.56E+07
(at 160[°C])

12.93E+07
(at 300[°C])

Enthalpy [J/m’]

4% (400mm x 400mm x 200mm)¥} 3} (400mm
x 400mm x 200mm)S.E 3}F o, FPFE Fo
A7 10mme] ¥ FHFo = £X FYFE 29
g st A= AAEFY A4S 150mm x
200mm x 20mme] ARz AlHoZ ZElE3tgl o,
AF A7) 2 B4HE 3MY AEH st
22y 2dl® 3 th Meshs Hex®} Tetra Mesh®
39 2, Mesh Element sizee 10mm=z A A3l
3!, Cooling Channel®] 5mm, Part]l 2mm3ZE Local
sizeg FAStATH I AT F 74870070 24
o} 1,285,33170 9] 3o A H A,

l

COOl(lzipil;?mel Mold 400 mm

' (upper)
o
g o 200 mm
S ST (A
b t=20mm [« S
s -~ EWRIRE
g % | Meltinlet .

= (lower) |

Cooling channel N4

(lower) (lower) Melt inlet

Fig. 1 Finite element modeling for structural analysis

Fixed support

Fixed support

Fixed support Fixed support

Fig. 2 Load conditions for structural analysis
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Equivalent Elastic Straine S7PHEE 3oz EA
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gis Ege 7MY #HeE, EA s
dqZ3tr] flal 29T olF Fa #EF

Equlvalent Stress®] Hoizt2 ¥ styo] oty
L mEme] FARoA WYY O, Molde)

Type: Equivalent (von-Mises) Stress
Unit: MPa
Tirne: 1

Max: 0.7696
Min: 2 633e-5

0.7696
0.6841
0.5986
05131
04276
0.3421
0.2566
01711
0.08554
2.633e-5

Fig. 3 Contour plots of the computed equivalent
stress after FEA

Table 3 Maximum, minimum and average value of
analysis result

Max. Min. Avg.
value value value

Total deformation [mm] | 5.90E-2 0 4.92E-4

Equivalent stress [Pa] |7.70E+5| 26.33 | 6,769.1

Equivalent elastic strain | 1.42E-5 | 9.85E-8 |5.07E-10
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(@A ngkell WstE Fo F 470 Caseol gt
AGHA3} s FAstATE AFHE 7
SIMP(Solid Isotropic Material with Penalization)®H
o W&t ALEIF 0.0~04% I AAHT,
AUEETE 04~1.090 B9 FAHES 33
A3l ) 4e ST 22O Z Table 491 Y
Ebd Hle} o] 27] mdl fin] A 7AAZ
47}A] Case®] 9174324 RdS AT

(a) Melt inlet (b) Melt inlet

Melt inlet

(C) Melt inlet (d)

m Relative density : 0.4 to 0.6
0 Relative density : 0.6 to 1.0

Fig. 4 Result of topology optimization; (a) 5.04%
reduction in mass, (b) 10.08% reduction in
mass, (¢) 16.67% reduction in mass and (d)
24.51% reduction in mass

Table 4 Result of topology optimization

Zt Case’ 4H A3} s ZAAE Fig 40 o
QT HAA Yoz A JAH T3
oA o] IFHES A FJERW FZdA
A U7l 0.6~1.00E E& 7S RS g9l

e A

(3DWOX DP200, Sindoh)Z

o, Ztzte] mdo] AakA|z AIE 9 S-S )
stk HHAstE Bde 451
405.58kg 0.2 o] 4547kg, & 10% 4"
FHA md g A3 ¢4 7€ 2d 9
A2 mdol ¥4 BUS G-code FYZ HFZ
% 3p ZHHY PLAZAY ZaH E(3DWOX
filament 1.75mm PLA, Sindoh)E A}&3te] A =23}
At

Removed region

(a)

Fig. 5 Printed products; (a) Initial design and (b)
optimal design

Mass [ke] Rate of mass
& reduction [%] Table 5 Detail of printed products
Initial design 451.05 0 .\ . .

Initial | Optimal | Reductio

(a) 42831 5.04 design | design n

(b) 405.85 10.08 Production time [min] | 5,845 | 5,400 (7'4641?%)

() 375.86 16.67 15

() 340,50 2451 Weight [g] 1,239.9 | 1,1184 (9.80%)
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