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ABSTRACT

In this study, plastics were deformed after molding due to the characteristics of the material. The Taguchi
experimental design method was utilized to find the molding conditions that minimized deformation of the plastic
bezel to be assembled in an automotive steering wheel. The injection molding conditions applied to the
experimental design method are the melt temperature, cavity plate coolant temperature, core plate coolant
temperature, and cooling time. Each condition was divided into five levels, and a total of 25 experiments were
planned. However, instead of performing 25 actual molding experiments, the injection molding analysis was
performed using the Moldflow program, and the deformation values for each molding analysis were obtained.
The optimal molding conditions were obtained from these deformation values. The actual injection molding
experiment using optimal molding conditions was compared with the deformation amount of the current molded
product. The deformation was measured using a precise 3D scanner. The deformation amount of the molded
product under optimal molding conditions was 16.1% lower than the deformation amount of the current molded
product.

Key Words : Injection Molding(AFEA &), Plastic Bezel(Z2tAE H|AE!), Deformation(#48), Taguchi Method
(CH*M &), Injection Molding Analysis(AFE4A &5l A1)
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Fig. 1 3D modeling of bezel for automotive steering
wheel: (a)front side (b)back side

Table 1 Mechanical properties of Lupoy HR5005A

Mechanical property Unit Value
Elastic modulus MPa 2365
Poissons ratio - 0.43
Shear modulus MPa 777

Coefficient of thermal | /C 8.5x10°

expansion
Conductivity W/m/C 0.17
Specific heat J/kg/C 2160
Melt density g/em’ 1.028

Table 2 Recommend

injection molding process
condition Lupoy HRS5005A

Process conditions Unit Value
Mold temperature 80
Melt temperature 235

Mold temperature range |  C 60 ~ 100
Melt temperature range 220 ~250
Ejection temperature 125
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Process conditions Unit Value EE= 120MPae] RS Hu Ab=qreEe] 859 & A
Injection time sec 3.8 Ag 7153 Aoty o] 3 o]&= FalxA
Packing pressure MPa 120 2 AAsA] gkt Zzre] FadxE 5 WAR
Packing time sec 6 o] FEOE AASIATH Table 4= ©H% W
Cooling time sec 20 of 28 & FaRixte £ vehd Zloth
Mold temperature [® 75
Melt temperature C 240 Table 4 Factors and levels used in experiment
: Level
Fixed plates coolant o Fact
temperature ¢ 25 actors 1 2 3 4 5
Moving plates coolant o %
temperature C 25 A. Melt temp.(C) 220 | 228 | 235 | 243 | 250

Fig. 2 Injection molding machine for bezel molding

B. Cavity plate

coolant temp.(C) 19 | 22 | 25 | 28 | 31
C. Core plate

coolant temp.(C) 19 | 22 | 25 | 28 | 31

D. Cooling time(sec) | 10 15 | 20 | 25 | 30
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Table S Ls orthogonal array

No A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 1 4 4 4
5 1 5 5 5
6 2 1 2 3
7 2 2 3 4
8 2 3 4 5
9 2 4 5 1
10 2 5 1 2
11 3 1 3 5
12 3 2 4 1
13 3 3 5 2
14 3 4 1 3
15 3 5 2 4
16 4 1 4 2
17 4 2 5 3
18 4 3 1 4
19 4 4 2 5
20 4 5 3 1
21 5 1 5 4
22 5 2 1 5
23 5 3 2 1
24 5 4 3 2
25 5 5 4 3
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Fig. 3 Mesh models: (a)bezel part mesh (b)cooling
channel mesh (c)analysis model
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Table 6 Deformation values and S/N ratio

No. Deflection S/N ratio(dB)
1 2.318 -7.30227
2 2.310 -7.27224
3 2.276 -7.14345
4 2.258 -7.07448
5 2.238 -6.99720
6 2.444 -7.76202
7 2.246 -7.02820
8 2.379 -7.52789
9 2.435 -7.72998

10 2.525 -8.04523
11 2422 -7.68348
12 2.348 -7.41396
13 2.329 -7.34339
14 2.486 -7.91002
15 2.406 -7.62591
16 2.262 -7.08985
17 2.245 -7.02433
18 2.401 -7.60784
19 2.407 -7.62952
20 2319 -7.30601
21 2.258 -7.07448
22 2412 -7.64755
23 2.378 -7.52424
24 2.389 -7.56432
25 2.367 -7.48397
Table 7 Result table of S/N ratio for each factor
Level
ve Delta | Rank
1 2 3 4 5
A |-7.158/-7.619|-7.595|-7.332|-7.459| 0.461 | 2
/N | B |-7.382|-7.277|-7.429|-7.582(-7.492| 0.304 3
ratio| ¢ |-7.703|-7.563|-7.345|-7.318|-7.234| 0469 1
D |-7.455(-7.763|-7.465(-7.282|-7.497| 0.215 4
Main Effects Plot for SN ratios
Data Means
=
Snatto ot Smater ot
Fig. 4 Main effects of S/N ratio
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Table 8 Analysis of variance of S/N ratio

Factors DF
A

Adj SS | Adj MS F P
4 0.7373 | 0.18433 7.30 0.009
B 4 0.2618 | 0.06546 | 2.59 0.117
C 4 0.7506 | 0.18765 7.43 0.008
D 4
8

0.1463 | 0.03658 1.45 0.303
0.2020 | 0.02525 - -
Total 24 2.0981 - - -
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Fig. 7 Comparison of deformations amount on the bezel moldings
Table 9 Deformations amount in each position on the bezel moldings
Position| . .
Moldings a b c d e f g h i ] k 1 m
Current molding | 3.38 | 3.18 | 298 | 2.53 | 1.95 | 1.11 | 0.65 | 1.21 | 2.05 | 2.48 | 3.15 | 3.33 | 342
Analysis molding | 2.21 | 2.01 | 1.95 | 1.75 | 1.25 | 0.85 | 0.25 | 0.78 | 1.19 | 1.85 | 1.88 | 2.18 | 2.20
Optimized molding| 2.95 | 2.75 | 2.25 | 2.01 | 145 | 1.13 | 0.55 | 1.25 | 1.65 | 2.15 | 2.20 | 2.48 | 2.88
fig 72 27| AYF HIEZFS vlwsh] S 1 g HH Adxde] AHIFY WIS daAe
HzE vEbd Zlolth Al 7R W dFe A F A A7 d5S FJ1 T F AT Fig 8
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ot AAE v E oA e olgste F Fig. 8 Bezel with optimal molding conditions
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