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Optimization analysis of injection molding of automobile door interior panel based on Critic weight
method and valve gate opening time sequence
WU Junchao
(Jiangxi Polytechnic University,Jiujiang 332007, China)

Abstract : In order to solve the problem of volumetric shrinkage and warpage deformation exceeding the standard requirement
during the injection molding process of large-scale plastic automobile door interior panels, five process parameters that have great
impacts on the molding quality, namely mould temperature (4), melt temperature (B), injection pressure (C), holding pressure (D),
and holding pressure time (E), were selected as factors. The L,(4°) orthogonal test scheme was established and the molding quality
data under different parameter combinations were obtained by combining the mold flow analysis with Moldflow. The Critic weight
method was used to objectively assign the weights of the dual-quality indicators to realize the transformation from multiple objec-
tives to single objectives, and then the signal-to-noise ratio analysis was used to determine the influence degree of each parameter as
follows: C>D>E>B>A. The optimal parameter combination is mould temperature of 60 °C, melt temperature of 250 °C, injection
pressure of 85 MPa, holding pressure of 80 MPa, and holding time of 20 s. After determining the optimal combination of process
parameters , Moldflow was used to further optimize the opening time sequence of the valve gates, so that the multiple strands of melt
met in non-appearance critical areas, which significantly improved the defects of the weld line (mark) and air traps. Simulation veri-

fication shows that the proposed scheme reduces the maximum warpage deformation by 40.7% and the volumetric shrinkage by
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53.6%, shortens the longest weld line (trace) from 143.65 mm to 12.67 mm, and successfully eliminates more than 60% of the air

trap defects. After actual production and application, the product qualification rate increases from the 64.3% of original scheme to

88.63%. The above results show that the use of Moldflow software, orthogonal test, Critic weight method, and valve gate opening

time sequence technology can significantly improve the quality of injection molding, effectively reduce the number of mould trials,

and improve the product qualification rate.

Keywords : automobile door interior panel ; large-scale plastic parts ; Critic weight method ; valve gate ; orthogonal test ;

process parameters optimization
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Tab.1 Material Characteristics and recommended process

parameters of PP+T20

Parameters Value range
Solid density/(g+cm™) 1.056 8
Average nominal shrinkage/% 1.28
Recommended mould surface temperature/°C 50
Recommended melt temperature/°C 230
Mould temperature range (recommended)/°C 20~80
Melt temperature range (recommended)/°C 200~280
Absolute maximum melt temperature/°C 320
Transition temperature/°C 135
Ejection temperature/°C 93
Maximum shear stress/MPa 0.26
Maximum shear rate/s ' 24 000
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Fig. 2 Material characteristic curves of PP+T20
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Tab.2 Control factors and standard settings of levels
Levels Factors
Mould temperature(4)/°C ~ Melt temperature (B)/°C  Injection pressure (C)/MPa  Holding pressure (D)/MPa Holding time(E)/s
1 30 210 70 60 15
2 45 230 85 80 20
3 60 250 100 100 25
4 75 270 115 120 30

i F Minitab 2% 5 5 1 0 PR 2R DU 7K S B 1E 38
FR[L,(4)], 18 FH Moldflow #5473 5 i AR 401 H
FHR , 2% 3 LA ue S h e brsh

#*3 HORKBER

Tab.3 Experimental results of Taguchi test

No. 4/°C  B/°C C/MPa D/MPa Els Y/mm  Y/%
1 30 210 70 60 15 1234 10.82
2 30 230 85 80 20 7.47 551
3 30 250 100 100 25 6.08 5.24
4 30 270 115 120 30 10.22 10.55
5 45 210 85 100 30 8.55 8.26
6 45 230 70 120 25 9.87 10.32
7 45 250 115 60 20 9.61 9.27
8 45 270 100 80 15 8.85 7.52
9 60 210 100 120 20 8.73 7.18
10 60 230 115 100 15 9.32 9.64
11 60 250 70 80 30 7.93 6.19
12 60 270 85 60 25 7.71 6.24

13 75 210 115 80 25 9.43 9.84
14 75 230 100 60 30 9.52 10.28
15 75 250 85 120 15 9.22 9.35
16 75 270 70 100 20 8.93 7.28
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Tab. 4 Analysis results of standardized processing indicators

No. Y /mm Y,/% Y’ Y, z;
1 12.34 10.82 0 0 11.414 4
2 7.47 5.51 0.778 0 0.9516 6.276 5
3 6.08 5.24 1 1 5.568 5
4 10.22 10.55 0.338 7 0.048 4 10.4210
5 8.55 8.26 0.605 4 0.458 8 8.373 4
6 9.87 10.32 0.394 6 0.089 6 10.144 0
7 9.61 9.27 0.436 1 0.277 8 9.403 0
8 8.85 7.52 0.5575 0.591 4 8.040 1
9 8.73 7.18 0.576 7 0.652 3 7.786 1
10 9.32 9.64 0.482 4 0.2115 9.5149
11 7.93 6.19 0.704 5 0.829 7 6.870 4
12 7.7 6.24 0.7300 0.820 8 6.838 3
13 9.43 9.84 0.464 9 0.175 6 9.679 7
14 9.52 10.28 0.450 5 0.096 8 9.9828
15 9.22 9.35 0.498 4 0.263 4 9.299 2
16 8.93 7.28 0.544 7 0.634 4 7.9252

Notes: ¥,", Y, are Y, and Y, values after dimensionless processing
using equation (1) respectively; z is comprehensive evaluation factors

after transformation.
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Tab.5 Response table of signal-to-noise ratio calculated by Minitab

Level A B C D E
1 —18.09 -19.29 —-19.00 -19.32 —-19.55
2 -19.04 -18.91 -17.62 -17.63 -17.81
3 -17.71 -17.62 -17.71 -17.73 -17.86
4 -19.26 -18.29 -19.78 -19.42 —18.89
Range 1.55 1.67 2.16 1.79 1.74
Rank 5 4 1 2 3
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Fig. 5 CAE analysis results of warpage deformation and volumetric

shrinkage after optimization
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Filling phase: Status:V = Velocity control
P = Pressure control
V/P = Velocity/pressure switch-over

| Time |[Volume|Pressure| Clamp forcel |Flow rate|Status|
| (s) | (%) | (MPa) | (tonne) |[(cm"3/s)| |
|

I
1501 021 | 6034 | 0 1154.86 |
12.03 | 103.01 | 42.91 |482.30 |
21.25 1108.39 | 120.74 | 467.67 |
30.22 | 118.99 | 244.75 | 467.68 |
38.89 | 133.23 | 485.48 | 463.76 |
43.26 | 140.59 | 613.65 | 471.11 |
52.12 1 152.28 | 875.94 | 475.84 |
65.38 | 170.20 |1 344.431 477.95 |
7
8
8
9

<<<<<<<<<

4.21 | "Valve Gate 2"#4 (Elem#281036) opened. |
0.56 | 97.00 | 972.52 1459.011 VvV |
8.09 | "Valve Gate 1"#3 (Elem#281033) opened. |
7.30 | 140.23 |1 782.831483.35| V/P |
100.00 | 148.25 12 699.69] 904.52 | P |
100.00 | 148.23 12700.711 903.16 | Filled |

(a) Partial analysis logs
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(b) Weld lines
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Fig. 6 Secondary defects optimization results
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Fig. 7 Physical photos of qualified automobile door interior panels
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