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CRITIC weight method for multi-objective optimization of the injection molding process of the main body
of the automobile rear door upper trim panel
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(1. School of Mechanical Engineering and Automation, Dalian Polytechnic University, Dalian 116034, China; 2. School of Intelligent Manufacturing
Technology, Nanyang Vocational College, Nanyang 474500, China; 3. Zhejiang Kaihua Mould Co., Ltd., Taizhou 318020, China)

Abstract : The main body of the rear upper door trim panel is a long, strip-shaped automotive interior component featuring
dense reinforcing ribs. It is injection-moulded using polypropylene modified with ethylene-propylene-diene monomer rubber and
talc (PP+EPDM-TD20); during production, warping and surface sink marks are prone to occur due to inappropriate process parame-
ter settings. To collaboratively address these moulding defects and enhance the overall quality of the plastic parts, a multi-objective
optimisation of injection moulding process parameters was conducted. NX software was used to complete the 3D modelling of the
product, and a simulation and analysis environment was established using Moldflow. Five key process variables—mould tempera-
ture, melt temperature, injection time, holding pressure and holding time—were selected, and an L, (4°) orthogonal test design was
devised; To address the issue that single-objective optimal process combinations may differ and are difficult to optimize in a coordi-
nated manner, the CRITIC weighting method was introduced. This method calculates weights by simultaneously considering both
the variability and conflict among indicator data, effectively avoiding subjective bias. It transforms multi-objective optimisation into

single-objective comprehensive scoring optimisation, and utilizes range analysis to clarify the patterns of parameter influence and
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identify the optimal process combination. The results indicate that the parameters influence on overall quality, in descending order of

significance, is holding time, injection time, holding pressure, melt temperature and mould temperature; the optimal process parame-

ters are a mould temperature of 45 °C, a melt temperature of 220 °C, an injection time of 3 s, a holding pressure of 50 MPa and a

holding time of 12 s. Following by verification through both simulation and actual trial moulding, the warpage in the demoulding

direction is reduced to 1.975 mm (a 25.2% improvement), whilst the estimated sink mark is reduced to 0.112 7 mm (a 49.7%

improvement); the trial moulding products simultaneously meet the requirements for assembly precision and surface quality.

Keywords : automobile rear door upper trim panel ; orthogonal test ; CRITIC weight method ; multi-objective optimization
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Fig. 1 Model of the rear door upper guard body
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Tab.1 parameters of PP+EPDM-TD20 material

Material parameters Range
Melt temperature/°C 200-250
Mold surface temperature/°C 30-60
Ejection temperature/°C 119
Absolute maximum melt temperature/°C 290
Melt density/(g+cm ) 0.8833
Maximum shear rate/(s ") 100 000
Maximum shear stress/MPa 0.25
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Fig. 4 Default process analysis results
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Tab.2 Orthogonal test factor level table

Factors
Level
A/°C B/°C Cls D/MPa Els
1 40 220 2 35 6
2 45 225 2.5 40 8
3 50 230 3 45 10
4 55 235 3.5 50 12

Notes: 4 is mould temperature; B is melt temperature; C is injection

time; D is holding pressure; E is holding time.
ST A5 BB UALL M 5 9 B 1 _E R 5 4
IR A R INZR 3 s o

N T AT E 2% DR ER B[R] K 6 Ji A 7
i) LR AN A R AT SR IR R I, ) 6 3 BEAT I 2 0
Bro B2E(R) AR R AEA FKF T RHUEE R
{EHR R S R/ MEZ 22 MEEN NS T ZS



152 TSR 2026 4F, 5 54 4,55 9 1]
F3 EXTWRER
Tab.3 Orthogonal test results
No Experimental factors Experimental results
' A B C D E Deflection in the Z direction/mm Sink marks estimate/mm
1 1 1 1 1 1 2.551 0.253 2
2 1 2 2 2 2 2.538 0.2119
3 1 3 3 3 3 2.244 0.123 4
4 1 4 4 4 4 2.304 0.110 7
5 2 1 2 3 4 2.124 0.1257
6 2 2 1 4 3 2.142 0.1120
7 2 3 4 1 2 2.852 0.236 7
8 2 4 3 2 1 2.336 0.266 4
9 3 1 3 4 2 2.425 0.203 8
10 3 2 4 3 1 2.841 0.254 1
11 3 3 1 2 4 2.046 0.173 8
12 3 4 2 1 3 2.350 0.192 5
13 4 1 4 2 3 2.357 0.124 8
14 4 2 3 1 4 2.208 0.1457
15 4 3 2 4 1 2.576 0.2119
16 4 4 1 3 2 2.467 0.2717
BEOGT 8 00 52 M) 2 S TR DG BV 25 (B K RS GREFBEN
IE %é&Xﬂ“i&E‘ﬁ? E]’:J %ﬁ ﬂrﬁ,l ﬂi I %[1 2 Tab.5 Sink marks extreme variance analysis
NETINRY T v 4 Factor A B C D E
Xd‘ﬂfﬁ*ﬁﬁmi%ﬁ{j‘*&iﬁ*ﬁ’gﬁ%ﬂ%“.o K1 0.699 2 0.707 5 0.8107 0.828 1 0.985 6
FH 2R 4 AT, 54 PR 2R v DR He B[R]0 A s 52 K2 07408 07237 07420 07769 09241
ﬂﬁl %Eég'ﬂf'jj( .- | %’EE i j(@J/J\ 46| ;H';J*?jg . %E i) K3 0.824 2 0.745 8 0.7393 0.774 9 0.5527
N - N N IR K4 0.754 1 0.8413 0.726 3 0.638 4 0.5559
() 3 R 1) PR s Ty AT AL . B 01748 01769 02007 02070 0464
RN T 2284 60 A,B,C,D,E, 58 A,B,C,\D,E, H} %) 01852 01809  0.1855  0.1942 02310
*ﬁﬂ{ﬂ%g 45 OC,‘J:%?"M:/EE 220 oC,\BEETj—Hj—I‘Eﬂz S,’f% 23 0.206 1 0.186 5 0.184 8 0.1937 0.138 2
4 0.188 5 0.2103 0.181 6 0.159 6 0.1390
JEJE 7 40 MPa, {5 8] 12 s 5 s BRI 45 °C, 1 R 00313 00334 00211 00474 01082

PRIRIEE 235 °C SIS 2 s, ORIE TR F7 40 MPa,
i) 12 5.
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Tab.4 Ejection direction extreme variance analysis

Factors A B C D E
K1 9.637 9.457 9.205 9.961 10.304
K2 9.454 9.729 9.588 9.276 10.282
K3 9.661 9.717 9.213 9.676 9.093
K4 9.608 9.457 10.354 9.447 8.681
k1 2.409 2.364 2.301 2.490 2.576
k2 2.364 2432 2.397 2.319 2.571
k3 2.416 2.429 2.303 2419 2.273
k4 2.402 2.364 2.589 2.362 2.170
R 0.052 0.068 0.288 0.171 0.406

Notes: Kn is sum of responses at level n; kn is mean response at

level n; R is range.
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Tab. 6 Calculated data for each parameter

’
*

Compre-

No. Delfection in the Z  Sink marks esti- .
o hensive score
direction mate
1 0.372 986 0.114 907 1.274 0
2 0.389 095 0.371 429 1.2453
3 0.753 408 0.921 118 1.065 5
4 0.679 058 1 1.085'1
5 0.902 107 0.906 832 1.013 4
6 0.879 802 0.991 925 1.013 8
7 0 0.217 391 1.398 5
8 0.639 405 0.032919 1.1858
9 0.529 120 0.421 739 1.190 6
10 0.013 631 0.109 317 1.403 3
11 1 0.608 075 1.005 1
12 0.622 057 0.491 925 1.1510
13 0.613 383 0.912 422 1.116 5
14 0.798 017 0.782 609 1.0619
15 0.342 007 0.371 429 1.2622
16 0.477 076 0 1.2470

Notes: x’[/» is normalized dimensionless experimental value.
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Tab.7 Comprehensive score extreme variance analysis

Factor
Items
A B C D E
1 1.167 5 1.148 6 1.1350 1.2213 1.2813
NO 2 1.1529 1.1811 1.168 0 1.1382 1.270 3
13 1.187 5 1.182 8 1.1259 1.1823 1.086 7
4 1.1719 1.1672 1.2509 1.1379 1.041 4
R 0.034 6 0.034 2 0.1250 0.083 4 0.2399
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JEE R B/ HE e A B 1] 3 B sk ] £ He
D7 WA B LR R, I aE A 25 A R AR B Y
I B T2 2 %0 AB,C,D.E,, Bl A& H 5 &
45 °C, & IR BE 220 °C, ST R 3 s, PR E R J)
50 MPa, ffJEHFA] 12 s
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Tab.8 Comparison of process parameter results

Items Initial parameter Optimal parameter

A/°C 45 45

B/°C 225 220
Cls 2 3

D/MPa 35 50
Els 8 12
Delfection in the Z
direction/mm 2639 1975

Sink marks estimate 02240 01127
/mm

Deflection, all effects: Z Component
Scale Factor=1.000

[mm]

J 1975
1.174
0.3729
-0.428 1
-1.229

(a) Deflection

Sink marks estimate
Transition Temperature=1.000

[mm]

po.1127
0.084 5
0.056 3

I0.028 2
0.000

(b) Sink marks estimate
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Fig. 5 Analysis of the optimal moulding process
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