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A Study on Injection Molding Analysis and Validation of Large Injection-Molded
Body Using Design of Experiment

Hyoung-soo Lee*, Hi-Koan Lee” Gyun-eui Yang™

{ Abstract I

The large injection molded parts technology such as instrument panel, front and rear bumnper are presented for a precision
molding. Some lead time and cost are required to product these part from design to mass product. Recently, CAE is widely
used in product design, mold design and analysis of molding conditions to reduce time and cost. The optimal molding
conditions can be obtained by DOE(Design of Experiment). The optimal design applications with CAE and DOE have
been used in small molded parts. However, application to the large molded body is not reported. In this paper, optimization
of injection molding process is studied for quality control in mass production of automobile bumper. Mold temperature
difference is chosen through robust design of injection molding process, the molding process being optimized in term of
shrinkage and deflection. The optimal conditions through DOE are validated by using injection molding analysis
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Table 1. Properties of plastic(HE-362P)

Itemn Properties
Family name Poly-propylene(PP)
Material structure Crystalline
Mold temperature 50C
Melt temperature 220.C
Ejection Temperature 106TC
Melt density 0.78268 g/em
Solid density 0.92888 g/erm
Specific heat 2,814 J/kg-C
Maximum shear stress 0.25 Mpa
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Table 2. Properties of mold(HP-4A)

Item Properties
Mold density 7.82 g/em3
Mold specific heat 518.8 J/ke-C
Mold thermal conductivity 41.87 Wim-T
Elastic modulus(E) 200,000 MPa
Poisson's ratio(v) 0.33
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Table 3. Specification of injection molding machine

Item Properties
Machine name Mistubishi 3500 ton

Injection capacity 21,000
Maximum injection stroke 875nm

Maximum injection rate 1,600cm/s
Machine screw diameter 175mn
Maximum clamp force 3,500ton
Maximum injection pressure 160MPa
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Table 4. Factors and their levels for the preliminary DOE

Factor 1 Level 2 Level
A 180/170/75/40/30/10 190/180/85/40/30/10
B 50/60/57/45/35/25 70/80/77/65/55/25
C 94 98
D 7/4/4 9/6/6
E 37130125 47/40/35
F 40 80
G 200 240
H 30/27 2522
I 200 230
J 25 35

A: Injection position(mm) F: Mold surface temperature('C)
B: Injection velocity(nn/s2) G: Melt temperature(C)

C: V/P change(%) H: Coolant temperature(C)

D: Packing time(sec) I: Hotrunner temperature(C)
E: Packing pressure(%)  J: Cooling temperature('C)
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b) Main effects of maximum pressure(Pp,)
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¢) Main effects of clamp force(Cy)
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d) Main effects of part shrinkage(S.)
Fig.1 Main effects plots of the preliminary DOE
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Table 5. Factors and levels in the principal DOE

Description Level Values
R Mold 1 40
Temp.(C) 2 80
e 1| 180/170775/20/30/10
Bl , ".Jte.c '2’" 2 | 185/175/30/40/30/10
osition(mm) 1= 00/180/85/20730/10
et 1 SOI60/57/45/35/25
C Vel:f° 2°" ) 2 60/70/67/55/45/25
ity(mm/s) 70/80/77/65/55/25
p| VP %
0,
Change(%) 3 08
. 0 77474
E T}i):fek(‘s"egc) 2 8/5/5
3 9/6/6
, 1 3730725
F Pr:::'u‘::(g ) 2 4273530
i 3 47/40/35
1 210
o . n’:'iezt,c) 2 220
emp. 3 230
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b) Main effects for SN ratio of Max. pressure(Pu.y)
Fig. 2 Main effects plots for SN ratio of the principal DOE
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Table 6. ANOVA results for SN ratio in principal DOE
2) ANOVA results for SN; ratio in principal DOE

Factor S ¢ \'% Fo P
A 0.00438 | 1 | 0.00438 0.34 0.621
B 044846 | 2 | 0.22423 17.16 0.055
C 0.09499 | 2 | 0.04750 3.64 0.216
D 0.32385 | 2 | 0.16192 12.39 0.075
E 335152 [ 2 | 167576 | 128.25 0.008
F 835330 | 2 | 417665 | 319.65 0.003
G 096420 | 2 | 048210 36.90 0.026
€ 0.15203 | 2 [ 0.07601 582 0.147

error | 0.02613 | 2 | 0.01307
T 13.7189

b) ANOVA results for SN; ratio in principal DOE

Factor S ¢ \' Fo P
A 001120 { 1| 0.01120 0.51 0.549
B 0.65532 | 2 | 0.32766 14.96 0.063
C 1.36993 | 2 | 0.68497 31.28 0.031
D 048212 | 2 | 024106 11.01 0.083
E 003943 | 2 | 0.01972 0.90 0.526
F 0.01804 | 2 | 0.00902 041 0.708
G 318517 | 2 | 1.59258 7272 0.014
€ 0.02356 | 2 | 0.01178 0.54 0.650

error | 0.04380 | 2 | 0.02190
T 5.8286
¢) ANOVA results for SN+SN; ratio in principal DOE

Factor S 0] \' Fo P
A 0.02957 { 1 | 0.02957 5.58 0.142
B 0.02241 | 2 | 0.01120 2.11 0.321
C 0.74336 | 2 | 0.37168 70.11 0.014
D 0.01578 | 2 | 0.00789 1.49 0.402
E 3.16497 ( 2 | 158249 | 29849 | 0.003
F 9.12165 | 2 | 4.56083 | 860.27 0.001
G 0.64507 | 2 | 0.32253 60.84 0.016
e 0.05814 | 2 | 0.02907 5.48 0.154

error | 0.01060 | 2 | 0.00530
T 13.8116

33242 a)olAe Al B3, C2, D2, E3, F3, Gloj3,
b)ellAi= Al, Bl, Cl, D1, E2, F2, G30|31, c)oJ A& Al
B2, Cl, D2, E3, F3, G3°|t}. A&l xS ol§3to
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