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Simulation and process parameter optimization of automotive carpet strip inspection cover forming
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Abstract : To address the issues of weld lines appearing in critical areas due to unreasonable gate positions and excessive
volume shrinkage rate and warpage deformation caused by improper matching of process parameters in the injection molding
process of car carpet pressure strip maintenance covers, research on injection molding process optimization was conducted. Firstly,
Moldflow software was used to simulate the molding of candidate gate position schemes. The evaluation criterion was whether the
weld lines avoided the surface of grid horizontal strips and were close to the intersection of edges, and the optimal gate scheme with
the gate located on the upper side was selected. On this basis, mold temperature, melt temperature, filling time, holding time, and
holding pressure were chosen as the key factors, and a 1/2 fractional factorial central composite design (CCD) response surface test
scheme was adopted to construct a correlation model between process parameters and molding quality through a limited number of
test groups. Minitab software was used to perform variance analysis on the data of volume shrinkage rate and warpage deformation.
After the initial analysis, insignificant nonlinear terms were removed, and regression equations for the two quality indicators were
obtained through secondary fitting. With the goal of minimizing volume shrinkage rate and warpage deformation, multi-response opti-
mization was carried out using Minitab's "Response Optimizer", and the optimal combination of process parameters was obtained as
follows: mold temperature of 52.979 8 °C, melt temperature of 160 °C, filling time of 2.5 s, holding time of 4 s, and holding pressure

of 107% (38.8MPa). The results of actual injection production verification showed that after adopting this optimization scheme, the
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volume shrinkage rate of the car carpet pressure strip maintenance cover was less than 9%, and the warpage deformation was

controlled within 0.95 mm. The research indicates that the method combining the 1/2 fractional factorial CCD response surface test

scheme with Minitab's multi-response optimization can ensure the reliability of optimization results while reducing the amount of test

data, and can be applied to the efficient optimization of injection molding processes for complex-structured automotive interior parts.
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Fig. 4 Simulation results of weld lines

HS BHRARAHRERIT
Fig.5 Design of gating system and cooling system

3 @RI Ei%it

M 3 T 925 A — b i e 2 A i (Rl R SR 17 vk
B 3E A X A TS (R Y — A BRAEAS g R AT
T, I Hh—A 4 R AR AR AR B S
M) 97 T, DT R 9 BT R 75 A A 1R 174 i 17 5
PR, e e 2 A LA R Y R AT



86 AR

2025 4E, %5 53 4,45 7 W

(CCD) il Box-Behnken 15 1(BBD) & ¢ # FH B 1 i
TR IR BT 2

AR AF S5 00 A T 2 8 A B R I Y
HEARER , AR (4) S AR B (B)  FE I [H]
(C) SRR ) (D) FIR R 77 (E) 25 Wi B84 J i )
FEHE, F IR LA SASSEAE R W 5T 5
ANRER o A e T T O S, 172 3 43 S
CCD 7543 #1 32 4184k , 4= H 1 CCD % /A1 52 41 %%
i . BBD T M 46 d1idis . Tk SHE, s
AR 1/2 3B S HE IR 6 A 43 B R v 4, nf LA
PR UE IS B 1 [R] e i EL AT 3 /0 A e 2H 55, TRt

R FIZ DT A TR T

IR A 7 S AN R DA (AR B 1 45 TR
RO T 2 BEIR N 25~45 °C, I AR
180~220 °C, FRIE AT [A] A 1~2 s, fR AT [E] 4 8~16 s,
155 5 7 R 78 38 1 11(36.26MPa) Y 80%~98%., 7E
Minitab Z {4 “ Ge it 1Y 5255 1% 7 H(DOE) M HL “ A1 E i)
o7 T RHEAE ok A 5 B2 B e/ R (E
B AE) P I H A E e R T Y 32 A
UL 1. KA 458 244, iz ] Moldflow #7171,
R B, IR A B 4 = 5 it 28 % £ 19 ks i
AFE 1,

®1 WEEEITSIREHER

Tab.1 Response surface design and test results

Test number A/°C B/°C Cls Dls El% Volume shrinkage/% Warpage deformation/mm
1 25 220 2.0 8 98 15.00 1.168
2 35 160 1.5 12 89 12.09 2.907
3 35 200 1.5 12 89 14.29 1.961
4 45 180 2.0 16 80 13.04 2.491
5 35 200 0.5 12 89 13.04 1.679
6 35 200 1.5 12 71 14.34 1.901
7 35 200 25 12 89 13.77 2.141
8 25 220 1.0 8 80 15.64 1.262
9 35 200 1.5 12 89 14.29 1.961
10 45 220 2.0 16 98 15.09 2.197
11 55 200 1.5 12 89 14.40 1.167
12 45 220 1.0 8 98 15.60 1.227
13 25 180 2.0 8 80 12.98 1.484
14 35 200 1.5 12 89 14.29 1.961
15 15 200 1.5 12 89 14.26 2.779
16 45 180 1.0 8 80 13.39 1.235
17 25 180 1.0 8 98 13.31 1.219
18 35 200 1.5 12 107 14.29 1.975
19 25 180 2.0 16 98 12.96 2.831

20 45 220 2.0 8 80 15.09 1.262
21 35 240 1.5 12 89 16.39 1.050
22 35 200 1.5 20 89 14.29 2.560
23 25 180 1.0 16 80 11.64 2.775
24 35 200 1.5 12 89 14.29 1.961
25 35 200 1.5 12 89 14.29 1.961
26 35 200 1.5 4 89 14.29 1.295
27 45 180 2.0 98 12.99 1.177
28 25 220 1.0 16 98 13.82 2.676
29 25 220 2.0 16 80 15.05 2.532
30 45 220 1.0 16 80 14.17 2.012
31 45 180 1.0 16 98 11.89 2.755
32 35 200 1.5 12 89 14.29 1.961

Notes: 4 is mould temperature; B is melt temperature; C is filling time; D is dwell time; £ is holding pressure.
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Tab.2 ANOVA results of volume shrinkage

Source Degrees of freedom Adjusted sum of squares Adjusted mean squares F-value p-value
Model 20 35.099 0 1.754 9 18.40 0.000
Linear 5 30.336 2 6.067 2 63.61 0.000
A 1 0.054 1 0.054 1 0.57 0.467
B 1 27.864 1 27.864 1 292.12 0.000
C 1 0.7350 0.7350 7.71 0.018
D 1 1.674 8 1.674 8 17.56 0.002
E 1 0.008 1 0.008 1 0.08 0.777
Square 5 2.0359 0.407 2 4.27 0.021
A*A 1 0.026 0 0.026 0 0.27 0.612
B*B 1 0.080 2 0.080 2 0.84 0.379
C*C 1 1.998 6 1.998 6 20.95 0.001
D*D 1 0.046 4 0.046 4 0.49 0.500
E*E 1 0.0330 0.0330 0.35 0.568
2-Way interaction 10 2.726 9 0.2727 2.86 0.050
A*B 1 0.000 0 0.000 0 0.00 0.987
A*C 1 0.011 0 0.011 0 0.12 0.740
A*D 1 0.0210 0.0210 0.22 0.648
A*E 1 0.000 6 0.000 6 0.01 0.937
B*C 1 0.034 2 0.034 2 0.36 0.561
B*D 1 0.000 2 0.000 2 0.00 0.962
B*E 1 0.018 2 0.018 2 0.19 0.670
C*D 1 2.640 6 2.640 6 27.68 0.000
C*E 1 0.000 6 0.000 6 0.01 0.937
D*E 1 0.000 2 0.000 2 0.00 0.962
Error 11 1.0492 0.095 4
Lack-of-fit 6 1.049 2 0.174 9 * *
Pure error 5 0.000 0 0.000 0
Total 31 36.148 2

Note: * indicates significant effect.
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Fig. 6 Multi-response optimisation prediction results
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