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A Study on Dimension Optimization of Injection-molded
Automotive Bumper by Six Sigma
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ABSTRACT

In this study, the optimization of the overall dimensions of an automobile bumper was investigated through
CAE and experiment using the Six Sigma method and design of experiment (DOE) method, respectively.
Injection pressure, injection speed, injection time, cooling time, holding time, injection temperature, and holding
pressure were selected as the vital parameters affecting the overall width of product through analysis of trivial
many using CAE. The optimal values were determined using the DOE method, and we analyzed the
improvement by applying the optimal conditions to the production process. As a result, the mean value of the
overall width was close to the target value, with a deviation of 0.05mm, and the processability and I-MR
control were remarkably improved. Finally, the dimension pass rate of the product improved by 20%.

Keywords: 6-Sigma(6A| 10}), Injection Molding(AFE A &), Computer-aided Engineering(Z-FE{0| &3 2}, Design

of Experiment(&! &4 &), Process Capability(=H S21)
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Table 1 Injection molding conditions for the
currently produced automotive bumper

Process condition Value Unit
Mold temperature 40 T

Melt temperature 220 T

Injection speed 60 %

Packnig pressure 40 MPa
Cooling time 20 sec
Packing time 6 sec
2.2 Zlet

A QAET Qs AER WY AExAL

Table 1°] YeERAT. A2k AFe] 2L A
Z A2 FGrista gon EF S 992.00 mm
oty & A TAH THAME AF A 259
ZAl zko] 99214 mmE ¥ T 0.14mm T}
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VVVVVVVV Process conditions - Injection pressure

1 Injection time

1 Injection temperature
-1 Injection speed
VVVVVVVV Molding temperature ]
Product Size 1 Cooling time
(Automobile bumper) | —- Mold temperature

VVVVVVVVV Packing time

~~~~~~~~ Packing pressure

Resin Coefficient of linear expansion

-~ Percentage of contraction

- Specific gravity

»»»»»»» State of injection molding machine

Fig. 2 Logic tree about dimension optimization of
automotive bumper
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Table 2 Importance survey to select trivial many
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Deformation Surface Strength Size  Color  Cycle
Latent factor % Rate
Importance 10 9 9 7 5 6
Injection pressure 160 9 3 - 4 3 - 522
Injection time 156 6 - - 6 - 9 5.09
Melt temperature 299 6 9 4 8 6 6 10.19
Injection speed 227 7 8 - 7 - 6 7.41
Molding temperature 264 7 8 - 8 6 6 8.62
Cooling time 290 6 7 9 8 - 5 9.89
Mold temperature 330 7 7 9 8 6 5 11.25
Packing time 328 10 7 6 7 4 7 11.18
Packing pressure 378 9 6 6 6 4 3 12.34
Coefficient of linear expansion 80 8 - - - - - 2.73
Percentage of contraction 91 7 - - 3 - 297
Specific gravity 251 10 5 7 4 3 - 8.56
Sate of injection molding 209 100 4 ) ) 5 8 713

machine
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3 e ¥edS 2=x WZ(Differential
Cooling), 7% <= (Differential Shrinkage), Hl &F
& ¥H(Orientation Effect), 1 & 3H(Conner Effect)=
AAste] Zzke] A Eo] AFS F ddel v A
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Table 3 Mesh conditions for CAE analysis of

automotive bumper

Mesh Details Value
Mesh Type Dual Domain - Triangles
Mesh Aspect ratio 3.74
Mesh # of 110,112
2
Part Volume 2,412.4 cm

(include cold runner, bridge)

Feed System
Hot runner (beam element)
Volume

Projected Area 4,776.8 cm?

Fig. 3 Predicted warpage of automotive bumper by
(a) differential cooling, (b) differential shrinka
ge, (c) orientation effect and (d) comer effect
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Table 4 Conditions of design of experiment

Level
Factor

1 2 3
A. Mold temperature (C) 30 40 50
B. Melt temperature (C) 210 220 230
C. Injection speed (%) 55 60 65
D. Packing pressure (MPa) 30 40 50
E. Cooling time (sec) 15 20 25
F. Packing time (sec) 3 6 9
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Muylt-Varl Chart for shrigkage bY melt emp- - il seed
FIR2E

Multi-Var Chiart for shrinkane bY temp.of mold - melt

]
Pacing tme (secl

(d)

Mylli-iZart Chart for shrinkage bY packing tme - mo'd l2mo-

Fig. 4 Multivariate analysis about shrinkage by (a)
mold temperature - melt temperature, (b) melt
temperature - injection  speed, (c) injection

speed - packing pressure, (d) packing pressure

- packing time, (e) cooling time - packing

time and (f) packing time - mold temperature
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Table 5 Conditions of design of experiment

Level

Factor | 5
A. Injection pressure (MPa) 68 66
B. 1" Injection speed (%) 50 48
C. 2" Injection speed (%) 50 48
D. 3" Injection speed (%) 50 48
E. 4™ Injection speed (%) 50 48
F. 5" Injection speed (%) 40 38
G. Injection molding time (sec) 7 6
H. Packing time (sec) 7 6
I. Cooling time (sec) 20 18
J. Melt temperature (C) 220 230
K. Packing pressure (MPa) 35 33
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Table 6 Analysis of variance for S/N ratio

Table 8 Analysis of variance for sensitivity

Factor f S \Y Fo  Test Contribute Factor f S (109 V(10%)  Fo Test Contribute
A 1 58814 58814 3.6 - 1.1% A 1 1 1 - full
B 1 17.843 17.843 11.0 ** 4.4% B 1 1 1 - full
C 1 1.773 1.773 - full C 1 14821x10 1.4821x10 14.6 *** 56.6%
D 1 09148 09148 - full D 1 1x 1 - full
E 1 1.182 1.182 - full E 1 4.9286 4.9286 49 * 16.0%
F 1 1.848 1.848 - full F 1 1.136 1.136 - full
G 1 81071 8.1071 5.0 * 1.7% G 1 1 1 - full
H 1 2.408 2.408 - full H 1 1 1 - full
1 1 60.3 60.3 37.1  k¥* 15.8% I 1 1 1 - full
J 1 231.53 231.53 1425 *** 62.0% J 1 1 1 - full
K 1 39.117 39.117 24.1  *** 10.1% K 1 1 1 - full
e(p) 5 812478 162496 - - 48% e(p) 9 913637  10Isls - - 27.3%
© (5 BIAW) (L649%) - -  (48%) © (9 ©1B367) (0515 - - (273%)
Total 11 370.9 - - - 100.0% Total 11 2.4385x 10 - - - 100.0%

sel A A5E BEHAATE <
35 QYA A A5 AAE FolFE 4T
S 3

Table 72 AIAZHAA 43 S/N B
g HA 21 FA4E JERT 4" HF
A8 A=UAH(A)ZF 66 MPa, 13 £X(B)7}F 48%,
APANZHGY7F 72, BYARD7E 12, AE2=(0)
7} 230C, BHK)7} 35MPad wjolw 7]1E A
F SN HE 80.283(+-2.5)dbZE 7|& FAH/AFH
S/N Hl®T} 13.118dB Z7}3F%Th

Table 82 A@AEHe| HAiolA HZ=o of
g BEAHEA S YEITE TR iR A

Table 7 Estimation of optimal conditions about
factor A, B, G, I, J and K

Factor Optimization
A. Injection pressure (MPa) 66
B. 1¥ Injection speed (%) 48
G. Injection molding time (sec) 7
I. Cooling time (sec) 7
J. Melt temperature (C) 230
K. Packing pressure (MPa) 35

ARGJAE F 22 £E(0), 42 £5(E) o=
A X7 Fdo dFE vA= AE FAA
on EFtA A X5 HAdwt YFE Foh
T Ag gdstdth

AE2 Ao FAFTHAA ST Fx G
Hakg £ol7] Yl A Ao Hol IFS
2 E 22k £5(C), 42 SEE) el BE 5
oz HAH =1 F4L P3P Y. Table 9=

22 £E5(0). 42 £EE)° o HH =240 FAHS
UERARATE Table 11914 % AR X< 992.00
mmo] ™8] 22t £E(C)7} 47.945%, 43X} L£5(E)
7F 48%d o HHFHS EIEFES E=EFSHATL
aEu AA A SEAO A 47.945%
= AAGY] oHSERE 48%E HAXALE B

SFAT

Table 9 Estimation of optimal conditions about
factor C and E

Factor Optimization
C. 2" Injection speed (%) 47.945
E. 4™ Injection speed (%) 48
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Table 10 Result of optimization for process

conditions
Factor Optimal level
A. Injection pressure (MPa) 68
B. 1" Injection speed (%) 48
C. 2" Injection speed (%) 48
D. 3" Injection speed (%) 48
E. 4™ Injection speed (%) 48
F. 5" Injection speed (%) 40
G. Injection molding time (sec) 7
H. Packing time (sec) 18
I. Cooling time (sec) 7
J. Melt temperature (C) 230
K. Packing pressure (MPa) 35

Process Capability Report for Overall width(mm)

i N

9916 o918 9920 9922 9924

Parformanze
sed  Expacted Overall  Expacted Within

06 081
4367

e 3
3857 2448

Fig. 5 Process capability of improve process
conditions
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