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Abstract: The radiator grille has several air intakes. These holes cause the resin flows to divide and merge. As a result, weld
lines occur. These weld lines and other problems appear in various forms depending on the grille pattern. To solve these
problems, designers use injection molding analysis to proactively identify problems and determine optimal molding
conditions. In this study, we conducted research on the effect and optimization of gates on injection molding of automobile
radiator grille. The gates used in molding analysis are the side gate and the grape gate. We then compared the effects of each
gate on weld line, injection pressure, clamping force, and deflection. As a result of the analysis applying the side gate, weld
lines occurred in all major grilles. In contrast, in applying the grape gate, small weld lines occurred in the minor grille, but the
weld line in the major grille could be prevented. The maximum injection pressure was reduced by 48.2% in applying the
grape gate compared to applying the side gate. Additionally, the maximum clamping force was also reduced by 17.6%. To
compare the amount of deformation, deflection values were measured at 20 identical locations. As a result, applying the grape
gate showed a deformation improvement of at least 5.2% and up to 77.9%.
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Fig. 1 3D model of radiator grile: (a)front view (b)right side
view (c)section view from the center

Table 1 Mechanical properties of LI928

Mechanical property Unit Value
Elastic modulus MPa 2096
Poisson’s ratio - 0.38
Shear modulus MPa 769.9
Conductivity W/m °C 0.19
Specific heat J/kg °C 2530
Melt density g/em’ 0.93

Table 2 Processing data sheet of LI?28

Process conditions Unit Value
Mold temperature range 40 -60
Optimal mold temperature 50
Melt temperature range °C 220-280
Optimal melt temperature 250
Ejection temperature 94
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Fig. 2 Mesh model and nozzle location

Table 3 Information of hot runner system

Hot runner system Diameter
Sprue 012
Manifold 018
Nozzle 018
Valve gate 05
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Fig. 3 Analysis model of case 1 with side gate

Table 4 Information of valve controlin case 1

No. Open (time / volume) Close

N1 0s /0% End of pack
N2,N3 1.993s /24.94% End of pack
N4, N5 3.611s/49.27% End of pack
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Fig. 4 Analysis model of case 2 with grape gate: (a)overall
analysis model (b)detail nozzle 1 (c)detail nozzle 2, 3

Table 5 Information of runner and gate in case 2

No. Runner Gate Length form nozzle

Gl 133.85

G2 197.75

N1 G3 210 02 260.15

G4 315.15

G5 374.96

Gl 135.55

G2 167.5

N2,3 | G3 210 02 236.3

G4 288.5

G5 343.6

N4, N5 010 15x 1.8 54.11
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Table 6 Information of valve controlin case 2

No. Open (time / volume) Close

N1 0s /0% End of pack
N2,N3 3.616s/50.1% End of pack
N4,N5 6.791s /97.89% End of pack

Table 7 Injection analysis conditions

Process conditions Unit Value
Injection time sec 6.0
Packing pressure MPa 65
Packing time sec 10
Cooling time sec 40
Coolant temperature °C 50
Melt temperature °C 250 (b)
Mold temperature oC 50 Fig. 5 Result of fill time: (a)case 1 (b)case 2
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Table 8 Deflection value and decline rate unit: mm
Point Silaeszalte Gr(:izseegite Difference 1]1);;1;1:/:)

1 6.77 3.17 3.60 -532
2 4.65 1.92 2.73 -58.7
3 2.41 0.99 1.42 -58.9
4 1.63 0.36 1.27 =779
5 2.64 1.36 1.28 -48.5
6 342 2.00 1.42 -41.5
7 5.19 2.61 2.58 -49.7
8 4.18 2.85 1.33 -31.8
9 429 335 0.94 -21.9
10 4.30 3.56 0.74 -17.2
11 3.70 332 0.38 -103
12 3.23 323 0.00 0.0

13 2.79 2.16 0.63 -22.6
14 2.98 2.26 0.72 =242
15 3.07 291 0.16 -52
16 3.61 3.24 0.37 -10.2
17 424 3.60 0.64 -15.1
18 424 341 0.83 -19.6
19 4.19 2.78 1.41 -33.7
20 5.55 2.75 2.80 -50.5
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