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Multi-objective optimization of two-color injection molding processes of outer plate of air guide and its mould design
WANG Mingwei', LIN Yu', ZHANG Han', WANG Zonggiang', CAI Shiming"?, HE Linjun’
(1. School of Mechanical Engineering and Automation, Dalian Polytechnic University, Dalian 116034, China; 2. Dalian Sifang Electric Pump Co.,
Ltd., Dalian 116034, China; 3. Zhejiang Jingkai Moulding Technology Co., Ltd., Taizhou 317108, China)

Abstract : In this paper, the two-color injection molded plastic part of the outer plate of air guide was taken as the research
object, using acrylonitrile-styrene-acrylate copolymer (ASA) as the hard plastic material and polyolefin thermoplastic elastomer
(TPE) as the soft elastomer material. The melt temperature, mould temperature, cooling time, holding pressure and holding time of
the first injection and the second injection were selected as the process influencing factors, and the total warping deformation and the
average volume shrinkage of the two injections were taken as the evaluation indexes. The orthogonal test with five factors and four
levels was carried out, and the mold flow was analyzed by Moldex3D software. The signal-to-noise ratio of the simulation results
was processed, and the weight of each evaluation index was determined by entropy weight method. The multi-objective optimization
problem was transformed into a single-objective optimization problem by grey relational degree method. The results show that the
influence order of each process parameter on the volume shrinkage and warpage of the product is as follows: mould temperature,
holding time, melt temperature, cooling time, holding pressure. The optimal process parameter combination for two injections (first
injection/second injection) is as follows: melt temperature is 250 °C/185 °C, mould temperature is 35 °C/35 °C, cooling time is 35
s/35 s, holding pressure is 75 MPa/50 MPa, and holding time is 10 s/16 s. After optimization, the average volume shrinkage of the
first injection and the second injection is reduced by 42.694% and 47.227% respectively, and the total warping deformation is
reduced by 9.715%. At the same time, the two-color inverted injection mould was designed and processed, and the optimal combina-

tion of process parameters obtained by analysis was used for actual production, which achieved high product quality. This study veri-

BIEMEE : T, 101, B, FENAPPR AN T 8 RE & 25 7 T

WeFs B HA: 2026-04-07

51 A& EUIH AR, SR, 45 SRR 19 T2 2 H AR A B HLR T[], TARRSDELR L 2026, 54(5): 126-134.
WANG Mingwei, LIN Yu, ZHANG Han, et al. Multi-objective optimization of two-color injection molding processes of outer plate of air
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fies the effectiveness of the comprehensive method of orthogonal test, entropy weight method and grey correlation analysis in the

optimization of process parameters of two-color injection molding.

Keywords : two-color injection molding ; multi-objective optimization ; orthogonal test ; entropy weight method ; grey corre-

lation degree
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Fig. 1 Three-dimensional model of outer plate of air guide
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Tab.1 Material process properties

. Values
Properties
ASA TPE
Melt temperature/°C 220~250 180~220
Mould temperature/°C 35~50 35~50
Ejection temperature/°C 96 80
Temperature of solidification/°C 101 87
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(b) Second injection gating system
K3 SRAMR G RS
Fig. 3 Drawing of gating system for outer plate of air guide
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Tab.2 Grid division

(a) First injection gating system

Grid division Values foF Values for soft
hard plastic elastomer

Number of entity grid elements 85053 224799
Plastic element 31527 49 954

Cold runner element 22 206 36 747
Number of surface grid elements 14 820 17916
Plastic volume/cm’® 59.641 2.500
Cold runner volume/cm® 26.375 0.741

1.2 #sor
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Packing_Average volumetric shrinkage
Time=11.886 sec (EOP)
[%]
Max »ge 3.668
3.151
2.633
2.116
1.599
1.081
0.564

0.047
Min»®™-0.212
(a) Initial analysis results of volume shrinkage of first injection
Packing Average volumetric shrinkage
Time=15.961 sec (EOP)
[%]
Max rgg 1.298
1.253
1.208
1.164
1.119
1.074
1.029

- Boos4
Min»®0 962

Y

(b) Initial analysis results of volume shrinkage of second injection
Warpage Total displacement
[mm]
Max »ge 0.597
0.524
0.450
0.376
0.302
0.228
0.154

/

~ Bo.080

Min»®0.043

(c) Initial analysis results of total warping deformation
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Fig. 4 Initial analysis results
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Tab.3 Factors and levels of orthogonal test

Hard plastic level

Soft elastomer level

Factors
1 2 3 4 1 2 3 4
Melt temperature (4, a)/°C 220 230 240 250 215 205 195 185
Mould temperature (B, b)/°C 35 40 45 50 35 40 45 50
Cooling time (C, c)/s 20 25 30 35 20 25 30 35
Holding pressure (D, d)/MPa 70 75 80 85 45 50 55 60
Holding time (E, e)/s 4 6 8 10 10 12 14 16
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Tab.4 Design and results of orthogonal test

Hard plastic Soft elastomer Analog results
Test Firstinjection ~ Second injec-  Total warping
number  4/°C  B/°C C/ls D/MPa Els a/°C b/°C c¢/s d/MPa e/s  volume shrink- tion volume deformation/

age/% shrinkage/% mm
1 220 35 20 70 4 215 35 20 45 10 4.822 0.931 0.537
2 220 40 25 75 6 215 40 25 50 12 3.953 1.161 0.558
3 220 45 30 80 8 215 45 30 55 14 3.259 1.405 0.570
4 220 50 35 85 10 215 50 35 60 16 2.717 1.671 0.589
5 230 35 25 80 10 205 35 25 55 16 2.507 0.840 0.538
6 230 40 20 85 8 205 40 20 60 14 3.293 1.170 0.560
7 230 45 35 70 6 205 45 35 45 12 4.239 1.388 0.583
8 230 50 30 75 4 205 50 30 50 10 4.881 1.709 0.606
9 240 35 30 85 6 195 35 30 60 12 2.806 0.808 0.522
10 240 40 35 80 4 195 40 35 55 10 4.347 1.093 0.559
11 240 45 20 75 10 195 45 20 50 16 2.885 1.451 0.588
12 240 50 25 70 8 195 50 25 45 14 3.782 1.705 0.619
13 250 35 35 75 8 185 35 35 50 14 2.810 0.704 0.545
14 250 40 30 70 10 185 40 30 45 16 2.617 1.091 0.557
15 250 45 25 85 4 185 45 25 60 10 4.024 1.411 0.582
16 250 50 20 80 6 185 50 20 55 12 3.772 1.723 0.637
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Tab.5 Processed data from orthogonal test results after signal-to-noise ratio calculation, dimensionless and grey correlation analysis

Signal noise ratio (1,)

Dimensionless result (a,)

Grey correlation coefficient (§)  Grey correlation

Test number Sort
RN 2 a® o)  a@ W EM  §(@)  degree(y)

1 5.401 40.621 26.228 0.858 0.688 0 0.778 0.616 0.333 0.509 6
2 5.067 38.703 28.061 0.665 0.441 0.317 0.599 0.472 0.423 0.456 11
3 4.883 37.046 29.738 0.558 0.28 0.606 0.531 0.393 0.560 0.461 9
4 4.598 35.540 31.318 0.393 0.034 0.879 0.452 0.341 0.806 0.525 5
5 5.384 41.514 32.017 0.848 0.803 1 0.767 0.717 1 0.829 2
6 5.036 38.636 29.648 0.647 0.432 0.591 0.586 0.468 0.550 0.503 8
7 4.687 37.152 27.455 0.445 0.242 0.212 0.474 0.397 0.388 0.396 13
8 4.351 35.345 26.230 0.251 0.010 0.001 0.400 0.335 0.333 0.336 16
9 5.647 41.852 31.038 1 0.846 0.831 1 0.765 0.747 0.763 3
10 5.052 39.228 27.236 0.656 0.509 0.174 0.592 0.504 0.377 0.457 10
11 4.612 36.767 30.797 0.402 0.192 0.789 0.455 0.382 0.704 0.509 7
12 4.166 35.366 28.446 0.144 0.012 0.383 0.369 0.336 0.478 0.380 14
13 5.272 43.049 31.026 0.783 1 0.829 0.698 1 0.745 0.893 1
14 5.083 39.244 31.644 0.674 0.511 0.936 0.605 0.505 0.886 0.656 4
15 4.702 37.009 27.907 0.454 0.223 0.290 0.478 0.392 0.413 0.402 12
16 3917 35.274 28.469 0 0 0.387 0.333 0.333 0.450 0.379 15

Notes: X, Y, Z are the first injection volume shrinkage, the second injection volume shrinkage and total warping deformation, respectively.
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Tab. 6 Proportion calculation results of evaluation indexes

Test number

Proportion of evaluation indexes

Pil PiZ Pi}
1 0.059 0.046 0.086
2 0.061 0.057 0.070
3 0.062 0.069 0.057
4 0.064 0.082 0.048
5 0.059 0.041 0.044
6 0.061 0.058 0.058
7 0.064 0.069 0.075
8 0.066 0.084 0.086
9 0.057 0.040 0.049
10 0.061 0.054 0.077
11 0.064 0.072 0.051
12 0.068 0.084 0.067
13 0.060 0.035 0.049
14 0.061 0.054 0.046
15 0.064 0.070 0.071
16 0.069 0.085 0.066
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Tab.7 Entropy values, information redundancy and weight calculation results of each evaluation index

Items Entropy value (e) Information entropy redundancy (d)) Weight (w)/%
First injection volume shrinkage 0.999 496 643 0.000 503 357 39.0
Second injection volume shrinkage 0.987 311 598 0.012 688 402 58.7
Total warping deformation 0.991 567 015 0.008 432 985 2.3
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Tab.8 Grey correlation degree range analysis

level Melt temperature (4, a) ~ Mould temperature (B, )  Cooling time (C,¢)  Holding pressure (D, d) Holding time (E, e)
1 0.488 0.749 0.475 0.485 0.426
2 0.516 0.518 0.517 0.549 0.498
3 0.527 0.442 0.554 0.531 0.526
4 0.583 0.405 0.568 0.548 0.630
Range 0.095 0.344 0.093 0.063 0.204
Sort 3 1 4 5 2
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(a) Core water circuit (b) Cavity water circuit
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Fig. 7 Cooling mechanism
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(e) Fixed mould 3D diagram

Ejector block

Ejector pin guide sleeve
Inclined ejector pin

Straight ejector pin

Universal slide seat

K8 LY
Fig.8 Ejection mechanism
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(f) Fixed mould real machine diagram

1—Moving mould clamping plate; 2—Core; 3—Cavity; 4—Support plate; 5—Fixed mould plate; 6—Fixed mould clamping plate; 7—Ejector pin fixing

plate; 8—Ejector plate; 9—Return spring; 10—Hot runner; 11—Positioning column; 12—Positioning column guide sleeve; 13—TInlet of core cooling

water circuit; 14—Outlet of core cooling water circuit; 15—Spacer block; 16—Soft elastomer cold runner; 17—Screw; 18—Supporting block cooling

water circuit; 19—Locating ring; 20—Guide pillar; 21—Outlet of cavity cooling water circuit; 22—Inlet of cavity cooling water circuit; 23—Locking

buckle; 24—Hard plastic cold runner
9 LRSS
Fig. 9 Mould structure diagram
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(a) First injection average volume shrinkage
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(b) Second injection average volume shrinkage

Warpage_Total displacement
[mm]
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(c) Total warping deformation
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Fig. 10 Numerical simulation analysis results of optimal process

parameters
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Fig. 11  Optimized product physical drawing

RO E A VEANHE B BIr o5 AR 2R 80, S — S 24 A
PR R 20 I B AR W i S R AR
(AL 53 514 39.0% .58.7%.2.3%. LA R LR, 1
AR O

(2) A K A SRR AR 22 0, ARAF A5 I A 2K
Xof T30 45 2R 5 W e R ) it 3553 T 1 DAy < AL I >R
RIS (e >R 2>V AT 1] > PR e TR

G TR s 2R, iAb ), 5 — S i
ISP 25 R BRSO R AR T 42.694% , 35 — 5 ToL i
AR B AE R IR AR T 47.227%, 58I AR TP B R
11£9.715%:

(4Bt AR BB R B B I AT T
SEBRA PERAIE . BEFER I, 458 RS ER 1k {5
e B 70 AL LA KO A8 SR 73 B 7 % L BERR
AT RRE 22 A AR LA TR 22 S B F ARk TR
A, W EARTE TS TR A I

S & o

(1] BICU, SR, IR AT 40 1A e 2 At X (0 T P A
HABEHI] 54 HIR, 2025, 25(8):64-66.

MAO Yuanyuan, MENG Huanxia, ZHOU Baocong. Design of hot
runner two-color injection molding for automobile lighting cover
parts[J]. Automotive Knowledge,2025,25(8):64—66.

[2] PANG L F, ZHANG C S, DONG H X, et al. Research on light-
weight injection molding (CAE) and numerical simulation calcu-
late of new energy vehicle[J]. Applied Mathematics and Nonlinear
Sciences, 2023, 8(1):789-798.

[3] ZE, B, XCE, 45 R T H R iR R AT L (3498

T B8 HRtiAb]. 98, 2025, 54(5):129-134.
JIANG Xu, BI Fengyang, LIU Changxi, et al. Multi-objective opti-
mization of two-color injection molding process parameters of auto-
mobile headlight lampshade based on Taguchi method[J]. Plastics,
2025,54(5):129-134.

(4] PESTIA PP PERLEE E BE T[] LR i | 2020, 20(7):
49-53.

SHEN Lianghan. The design of two-color injection mold for auto-
mobile interior decoration parts[J]. Die & Mould Manufacture,
2020,20(7):49-53.

[5] FWEAR, FAL, Bidf, % S TR @R AL B X (0,14 28



134

AR

2026 4E, 45 54 455 5 1)

[6]

[7]

[8]

]

[10]

(1]

% BARSELA[I]. h 8L, 2022,36(7):115-120.
WANG Xiaodong, WANG Quan, CHEN Tuo, et al. Optimization
of multi-objective parameters for double color injection-molding
based on grey relational analysis and entropy weight method[J].
China Plastics,2022,36(7):115-120.
T, BT UR AN, 55 O RATHT B ST A I N R 2 H
FRAUEAR[I]. B SRL N T8 L 2020, 32(1):50-53.
WANG Zhao, WEI Xiangyu, NI Junjie, et al. Multi-objective opti-
mization of influencing factors for automobile two-color taillight
lampshade injection molding[J]. Modern Plastics Processing and
Applications,2020,32(1):50-53.
B, 2 A TR RN T 2280 HAR L] R Tl
2020,48(8):96-99.
MIAO Ying, YAN Zixiang. Multi-objective optimization of bi-
color injection molding process parameters[J]. China Plastics Indus-
try,2020,48(8):96-99.
LIU H, JIANG B Y, JIANG H, et al. Multi-objective optimization
of process parameters for dual-color injection molding of the
middle cover of electric vehicle charging pile[J]. SAE International
Journal of Materials and Manufacturing, 2025, 18(4):439—450.
FE B I, M AT , FEOTHE 55 T KOOGS T A 2 T 22 F AR
PEfk B PSO ~ SVM TUIAS R A 4 37 [7]. TAZIERLRL T, 2021, 49
(3):58-64.
XUE Maoyuan, MEI Yi, TANG Fangyan, et al. Multi-objective
optimization of injection molding process based on grey relational
analysis and establishment of PSO - SVM prediction model[J].
Engineering Plastics Application,2021,49(3):58-64.
/AR SRARFE , 223U 45 AR B ARSI AR XL (2 T SR R
FEOIT B T AR TREIBRHI L 2023, 51(2):54-59.
MENG Xiaolin, ZHANG lJixiang, LI Youbing, et al. Warpage
deformation analysis and process optimization of automotive B-
pillar exterior panel with two-color injection[J]. Engineering Plas-
tics Application, 2023, 51(2):54-59.
FIALA, W (AT, 45 PR EROL I SR XA T A

[12]

[13]

[14]

[15]

[16]

BB )] 284,2024, 53(3):50-55.

WENG Lijie, PENG Xianfeng, FU Yinglong, et al. Design of dual
color injection mold for automotive lidar cover[J]. Plastics, 2024,
53(3):50-55.

s, FRE, RIS T R 6 K- R R B AR
BT 8% OARLAE[]. SR Tk, 2024, 52(12):96-102.

GU Tingting, WANG Xingxing, ZHANG Qingzhen, et al. Multi-
objective optimizations of shelf injection molding process param-
eters based on the grey correlation-entropy weight method[J].
China Plastics Industry,2024,52(12):96-102.

BEIREL, L, B8, 55 L TR TOPSIS BRI T2 24K
% FARIEAL[I]. 5}, 2023, 52(6):142-146.

XUE Qinghong, MIAO Ying, XUE Zijian, et al. Multi-
objective optimization of injection molding process param-
eters based on entropy-weight TOPSIS method[J]. Plastics,
2023,52(6):142-146.

AT, B i e, % 5 TR (0 R I I A KT R e 1 24
T2ARAR ] BAR SR T 0% 1, 2020, 32(2):34-37.

WEI Xiangyu, WANG Zhao, NI Chuanlong, et al. Injection
molding process optimization of headlamp decoration frame
based on grey relation analysis[J]. Modern Plastics Processing and
Applications, 2020,32(2):34-37.

HERE - S W S'S I S UP QS iU N E TR 7S
FIRFERIE T2 2 HARAGT. TR SRR, 2022, 50(12):
61-66.

ZHOU lJiwei, GUO Haoliang, ZHANG Wenchao, et al. Multi-
objective optimization of sub-dashboard armrest base injection
molding process based on gray correlation theory[J]. Engineering
Plastics Application, 2022 ,50(12):61-66.

LIN G L,JIANG P P,CUI B W, et al. Predicting the performance
of a functional ecological substrate via a generative model based
on an orthogonal experiment[J]. Bulletin of Engineering Geology
and the Environment, 2024, 83(8). DOI: 10.1007/s10064-024-
03798-4.



