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Multi-objective Optimization of Injection Molding Process for Interior Trim of Automobile Instrument
Fang Mingyue, Zhang Yu, Wang Che, Huang Yongyue
(School of Mechanical Engineering, Anhui Institute of Information Technology, Wuhu 241100, China)

Abstract : Taking the interior trim of automobile instrument as the research object, aiming at the problems of warpage and
volume shrinkage in the injection molding process, the optimization was carried out through orthogonal design of experiments and
gray correlation analysis, and the mold flow analysis was carried out using Moldflow software. Selecting six process parameters,
namely mold temperature,, melt temperature, cooling time, holding pressure, holding time, and injection time as horizontal factors,
25 sets of orthogonal experiments were conducted with warpage and volume shrinkage as quality evaluation indicators. The optimal
process parameters for warpage and volume shrinkage were obtained through range analysis. Simulation analysis of the two sets of
process parameters show that the optimal warpage is 1.174 mm, but the corresponding volume shrinkage rate is 14.51%, which is
relatively large. The optimal volume shrinkage rate is 12.24%, but the corresponding warpage is 2.118 mm, which is a large value.
The multi-objective problem of optimizing warpage and volume shrinkage was transformed into a single objective problem using
grey correlation analysis. The optimal process parameters for both warpage and volume shrinkage were obtained: mold temperature
40 °C, melt temperature 240 °C, cooling time 25 seconds, holding pressure 80 MPa, holding time 20 seconds, injection time 0.8
seconds, corresponding warpage of 1.431 mm, and volume shrinkage of 12.42%. Comparing the optimization effects of the two
schemes, it can be seen that the grey correlation analysis scheme has better optimization effects. Compared with the default process
parameters, the warpage and volume shrinkage have been decreased by 46.44% and 23.71%, respectively. The trial production of the
parts was carried out, and the quality of the obtained trial mold samples met the production requirements, further verifying the feasi-
bility of the grey correlation analysis optimization plan.

Keywords : interior trim of automobile instrument ; orthogonal test ; grey correlation analysis ; process parameters optimi-

zation ; warpage deformation ; volume shrinkage rate
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14 60 270 15 60 30 1.0 1.686 14.21
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20 70 280 25 40 25 1.0 1.891 14.77

21 80 240 35 70 20 1.0 1.980 12.76
22 80 250 15 80 25 1.2 1.667 13.44
23 80 260 20 40 30 1.4 2.250 14.14
24 80 270 25 50 10 1.6 3.132 18.39
25 80 280 30 60 15 038 2.220 14.64

2.2 EIRIELR ST

KT T E WA R T2 2 B0 R AN A
FrEsm R, % 2 2 P ERE U T — 2 i Ab B, 15
B =T AR, WA 3. 1(=1,2,3,4,5) KR
T ESE AN RAKT- X % il & 19 73408 5 T (=1,
2,3,4,5)FR B — T ESHI AR AT X R AR
R IE ; R TR He— TS E A [ XF
o7 568 e AR FRAC 400 26 1 7 28 1 5 KABL 5 e /IMEL
ZE, HRITM . BT 2S5 AHR40°C,BH
270 °C,CH155s,D %80 MPa,E N20s,F }14s
W, B T2 250 5 A,B,C.D.EF,, & Ak .
MTZB%A4 M40 °C,B }240°C,CHN30s,DH
40 MPa,E }30s,FN0.8 s, Bl T2 HAHAEGH
A,B.C.D.EF, B R IAR

R3 EXKWRES
Ak EHbs  ¥H 4 B c D E F

1, 1.685 2.031 1.894 2124 2655 1.946
I, 1912 2021 2025 2139 1936 1.943
. I, 1993 1997 1972 2008 1.723 1.988
il 2
I, 2064 1913 2042 1965 1.751 1919
I, 2250 1942 1972 1.668 1.840 2.108
R 0564 0.118 0.148 0472 0932 0.189
Ji 13756 13.046 14.748 14.032 16.746 13.582
J, 14.284 14.108 14.644 14.618 14.818 14.176
R E 14.778 15.036 14.66 14.59 13.804 14.714
Js 15378 15.062 14228 1534 13.776 14.898
Js 14.674 15618 1459 1429 13.726 155
R 1.622 2572 052 1308 3.02 1918

¥ T 235044 A,B,C,D.E,F,if 1t Moldflow %%
AT 05 BRAIE , 75 2 8 6 YA BT 4 I, 4 SRR 1S
2 it AR 25 A B T R E Ly, LA
1.174 mm, {H 2 A AR FRIS A 50 14.51%, BUE
LN

AN, B RN <
g%}xtwm 1=1.000

(B
114 [7]=36.49 5
(%] .

(b)

a— Rl ks b— PR B %
K6 A,B,C\D.EF, T LBHAE TN

W T A58 45 A,B,C.D,E.F,i# 1t Moldflow %%
AT BIIE , A5 20K 7 BT gl SR, RS 21
R B A A 25 A RO Ry, AR AE A
12.24%, ICEH M54 2.118 mm, 0 {EH K. 7EIE
A s R AR S R R L T2 S
BOFAHIRE], LT ZX T2 SHO 256 0T

SN, PR
A LA R -F=1.000

ARG
[ [1]=45.85 s

(@) (b)
a—sai i s b— AR R
K7 A.BCDEF TZSHAE THIIHES

3 IRBXRESH

it — BRI ER A B 2 T o, T
1o IR A SEIR 53 B R DG A A FRGR it i A A RO 4 2
(422 AR I U Sy B EL BRG] R, IR 60 S TR B
LA B G 2 53 B Bt e A AR e



JTUIT A R AR A T2 M 2 B AR L 87

R ) —2H T 2S5
3.1 REXRKSMHIELRE

KA IR 53 BT A4 A R AR A A1 D R AR
A PR DA FEE DA A B DR 28 2 (1] ) SRR L ity
LUGBARL , TE A R 3R 18] A SR g

(1) BHE VPR PR R A

458 1RSI A B | 0 5 PEAN 48 BR v 4R
{8, 3l AR HBPRFRPREE R

_Xl(l) Xl(z) Xl(]) X1(m)_
Xz(l) Xz(z) Xz(]) Xz(m)
A= )
Xl(l) Xl(z) XA(]) Xl(m)

L X.(D) X, (2) X.(j) X, (m) |

K, m A PEM R PR AR s n IR IR B X, ()
oY GEE

(2) H—fb a2,

—E LT, IR AR E) A AR R DL S AR e 2
[11) 22 SR S i) 45 Hg s [] B S 3t | 2 1752 i)
TR RS B, DR R B s B i1 7 IH — 4k
AbER T —ARAb A AR 2)

* max?\fji(j)-Xi(j)
Xi k) = max X, () = min X () @

Ao, X (k) AIEH— LA BRS (%8051 s max )Vf (j)
SRR P A B KA 3 min )\5 (7)) MR )

T/ ME X () BRI R B T 25 X, () 4 X ()
1 H bR EUE
(3) BAE K O IHR R AL
PECYRUPS VES S CIVAWIENE)E

_ min(Amin) + p* max (A max)
&= A,.(j) + p* max (A max) )

P, € R 80 min (A min) 25 E5
HIHEH Y 91 ) foe /NS R {EL AP A 8 /) s max (A max)
275 7 O LB 51 B8 B R A R P A oK s p A
TIHRE —0.5;A,, () WEH P IR LB
B B4 XL

i AL UG B 6 S HE RBOERE ¢, WS
K@K

&n €n .o &
‘- & &y . &, 4)
f e o b
(4) IR O RHR BE A AE o
yi= ;zgij,(i = 1,2,...,n) 5)

2 PR bR i A () ~ A BEAT
Ab B, R AR B I WA TR AN 45 A Y K (8 S HK

&, k4.
R4 HHEFEFRKLEROTN ISR KB REMRK B X E
e AREEE H— b3 KIRAE  IREOKHRE
Xf(l) Xi(z) Xl*“) X;(Z) & &n Y:
1 2431 13.04 0.709 0.055 0413 0.901 0.657
2 1.846 13.25 0.392 0.095 0.560 0.840 0.560
3 1469 13.69 0.131 0.177 0.793 0.738 0.766
4 1.371 14.19 0.052 0.268 0.907 0.651 0.779
5 1.310 14.61 0.000 0.341 1.000 0.594 0.797
6 1.930 1297 0.444 0.041 0.530 0.924 0.727
7 1.752 12.83 0.333 0.014 0.600 0.973 0.787
8 2313 1589 0.651 0.553 0.434 0475 0.455
9 1.941 14.63 0.450 0.345 0.526 0.592 0.559
10 1.624 15.10 0.246 0.425 0.671 0.541 0.606
11 1.614 13.62 0.239 0.164 0.676 0.752 0.714
12 2.106 13.58 0.544 0.157 0479 0.761 0.620
13 1.894 13,51 0423 0.144 0542 0.776 0.659
14 1.686 1421 0289 0271 0.633 0.648 0.641
15  2.663 1897 0.814 1.000 0381 0.333 0.357
16 2200 12.84 0.594 0.016 0457 0.969 0.713
17 2736 1744 0844 0.788 0.372 0.388 0.380
18 2.061 1795 0519 0.861 0491 0.367 0.429
19 1434 1389 0.103 0.214 0.829 0.700 0.765
20 1.891 1477 0.420 0369 0.543 0.575 0.559
21 1980 12.76 0473 0.000 0.514 1.000 0.757
22 1.667 13.44 0276 0.131 0.644 0.792 0.718
23 2250 14.14 0.620 0.259 0.447 0.659 0.553
24 3.132 1839 1.000 0.922 0.333 0.352 0.343
25 2220 14.64 0.605 0347 0452 0.591 0.522

3.2 RERIESHTERSAT

X 2% 4 IR A DI B EA TR 22 0 AT, WL S
JRABDCHR FE (R AR T S8, IR a6
10 B (8 A e KA A /IME I 2 H B R R T2
SO i PEA B G 2 RT3 1) 5 i)
A, FHER S AT, R SCHR Y E R R &
ABCDEF,, Bk T.2Z%:4740 °C,B N
240 °C,CH}255s,D} 80 MPa,E}20s,F}08s,
FIH Moldflow A4 47183 43 AFr 45 21 43 B 45 2 (5]
WNE 10 fF 7S, S8 B 1.431 mm, R 48 R
12.42%.



88 AR

2023 4E, %5 51 4,55 9 1

R5 REXBRERRESN

IR A B C D E F

1 0712 0714  0.610 0590 0438  0.678
2 0.627  0.613 0592 0576  0.557  0.594
3 0.598 0572  0.634 0607 0703  0.623
4 0.569  0.617 0618  0.622  0.688  0.606
5 0.579 0568  0.630  0.690  0.698  0.583
W2 0.143 0.145  0.041 0.114 0264  0.095

NI e

(b)
a—a il s b— IR AU A %

F10  A4,B,C,DEF, T 2B A HIRTRIC A R i

Xt B SR B RO (8 SR A L AL 2 8
Je B B AR B A 3, AR 6. e 6 nl A, MK
O IRIBE I BT A B 0 T 25 28T ) e 6 A AR
45 A L IE IR BT R R T 2280 B4 A
R AR IE S e R it B e DL A AR BRI A A fe
W T B HOF AR, i B AR B A Ak L )
IR B f DL, PRI (0 S IB 3H B DAL AR AR X 85
U o RG24 T 2S804 BOAER 1Y
T BHOH H 3B AR R 46 3 03 0 AR T
46.44% H123.71% , IE B v il 01 1 B H 69, 1l
AR X SR A A R

®6 EXRIFNIR G SCBREH N HERA b

Eiztan TABHAE  Aillii/mm B R%
WHEBINT 2250 / 2.672 16.28
FETIERIR Y
[ A4,B,C\D.EF, 1.174 1451
FTFIERIR Ak
BURTEA A, A4,B,C,DEF, 2.118 12.24
IRAOKEHREE v M A,B C.DEF, 1.431 12.42

4 FEHERIGITRIERE
ARG NI 450 B Be i &R
SRV H R GBI SR, VIR ELR F O
LA ) =M =R B 4548, SME R ST 8 550 mmx700
mmx466 mm, ELRZEF AN 11 7R, 38 AT,
T A ER 17 B R AR S T AL e A —
A F AL SRR R H 16 HEA il Be
R B ERIE N . SRR
SHRLEITARL, SeF T AT 1, ZE R 18 ERTT
DTE R G AR B W T, Z 5 RTE R G EA
FERSTAR 9L, /AT 22 v Al 3 e AR 9, ML

O
AN

%0 TRl [l « o

1—@11‘5"2&&&?2—%’@&;3—%@1‘?ﬁ‘z#}iﬂ—i@ﬁ%ﬁ—%ﬂ;
6—BIIR 3 7S s 8— AU s O— I BEAR ; 10— K A
U—SE BRI ; 12— 5 13— 48 ; 14—l 5 15—ARHT AT
16— & 17— SR 5 1 8—HRHT s 19—3ERT s 20— LA
21— A s 22—/ AT L I, I—43 B i
B TR EAE R
S RUTH 1 ATIT BRI R G R BRI BE T EMBRET
H Vg L SR 6 FE A 9 7E R e # 21 AE TR
S3IF 4y 80T MAT I, 5 00 W] i s AR 0% 3 A ek
2y AU i e S| RS I Sieod 9 o e U
BB SR SRR 2 fE AT 19 K 1 4
s RO S 7R 2 A7 SRS A MR T T R A ALk
175207, SRR 6 FE MR 9 AT BT A 4L, iE AT
D LAEE
Xof U SR EL AT AR 2 A, 7 T 9B AL

B E KA M L2 S8 G A
BASCR N AT AR 7 15 B A R AN A 12
Jis o ERARRELE AT, AR TG, F oA )
FLET ARIR RS T A R, A e it A R AR
WA 30 LR P K

(a) (b)

a— L[ ; b—75 [
F12 AR
5 it
(DA Moldflow FRAFXHAAAL R N H1F I B8
TERGMB ARG AT, IR i 40 s 2]
TEOA L ZZSHCT ryseth ik 2.672 mm FIAFR



JTUIT A R AR A T2 M 2 B AR L 89

A6 16.28% . il R BRIEROR A fRpitE— 20
U

Q)R HEASIRE B3 T 228k AL, 15
FIR B AR B A B B R A T 2250
18 1 Moldflow X X M T 2 EA TR 43T L 1%
/NI A 1,174 mm DA 6 R O PR BRI 4 2
14.51% , f5e/IMAFRUSCER FE A 12.24% L B xl o 7 i
i 2,118 mm, 5 i i B A Y 2 S BRI A R 4
FEAH) T 2SO AR, XE LA K B e

(3)3 3 IR (0 QIR A3 B o6 T2 S 8k AT 2 H AR
DAk, 4 2058 il i AR B A 2R R ) f e — 21 T
SR AREE 40 °C R 240 °C | Ve H0IY
[6] 25 s f& He He 77 80 MPa SR HE I H] 20 s 74 5 i 8]
0.8 so Xk 4 T EZBAEATHO 0B , 15 25 Hh
AR50 1.431 mm A1 12.42%

(4)AF HEIE AT BT AUB (0 SC IR 73 BT B e A
SR RO KR BA B ALRCR . 5E0AT
ESRCT T EESRA L, KOS L) B0
£k A R S 47 5 0 3 R A1 T 46.44% 1123.71%.
i S PRI, BE— P RAIE T K IR S B AR A
IR R T 2 2B T S B T A1k

& %

[1] THeEe, S5k, e, 45 B T IE SRR M 42)T s i e it 98
BT ZARAE[]. & B S 28, 2022, 39(3):55-59.
Ding Huafeng,Jin Xianzhi, Gu Yuyuan, et al. Optimization of injec-
tion molding process for rear cover oflamp based on orthogonal test
[J]. China Synthetic Resin and Plastics,2022,39(3):55-59.

[21 RSP, S, 0 S B AR AT B BB A S B R A
BT LR ALD]. 28,2022, 51(5):13-17.
Tan Anping, Xing Jinyu, Liu Kewei. Numerical simulation and
process optimization of injection moulding for automobile head
lamp optical distribution mirror[J]. Plastics,2022,51(5):13-17.

[3] SeHEHa, AR AL, 25 F Ay BT IS B TR Y i G IR B i
HETEI T A SRR, 2022, 50(4):94-98.
Wu Yanyan, Tang Yinmin, Li Zina. Optimization of injection
processing parameters of cooling cover of electromagnetic driver
based on computer aided engineering[J]. Plastics Science and Tech-
nology,2022,50(4):94-98.

[4] Wang Youmin, Yan Zhichao, Shan Xuejun. Optimization of process
parameters for

vertical-faced polypropylene bottle injection

molding[J]. Advances in Materials Science and Engineering, 2018,
1-9. DOI:10.1155/2018/2635084.

[5] Rosli M U, Rosli M U, Ahmad Termizi S N A, et al. Simulation
based optimization of thin wall injection molding parameter using
response surface methodology[J]. IOP Conference Series: Materials
Science and Engineering, 2020, 864(1). DOI: 10.1088/1757-899X/
864/1/012193.

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

LA, BERKAE WG , 25 BE T IR0 VR R AT 2 T
CSHARD]. T E R, 2019, 33(7):50-56.
Jiang Lizhen, Liang Qiuhua, Pan Jianyi, et al. Optimization of
injection molding process parameters for automobile gearlever
based on orthogonal experiment[J]. China Plastics, 2019, 33(7):
50-56.
JTHIH RS IR, 555 . 6T Moldflow B934 T4l 8 LV B AR
FRTTI]. B & 2B, 2020,37(3):48-52, 76.
Fang Mingyue, Tang Lingfeng, Guo Fucheng. The optimization
design of gate position of automobile handle based on moldflow[J].
Journal of Xinxiang University,2020,37(3):48-52,76.
SRATHE . IE T IE SR S CARBHU M 25 i i Sh e il i 1k
ST SRR, 2021,49(6):87-91.
Zhang Jiequn. Optimization analysis of the shell warpage of smoke
alarm based on orthogonal test and CAE simulation[J]. Plastics
Science and Technology,2021,49(6):87-91.
RJE  lEAE ARTEHE, 45 BT T A2 550 S5 e B TR vk ) i B 1
SITRGR SR T 22500 2 B AR OE g [0]. 908 Tk, 2021, 49
(11):70-73.
Qiu Tong, Liu Hongbin, Dai Yuanxiang, et al. Multi-objective opti-
mization experiment of lens injection compression molding process
parameters based on the orthogonal and response surface method
[J]. China Plastics Industry,2021,49(11):70-73.
EIE , FFI T, AR BT T 2 e s
il G AT 1 B T[], SRR, 2021, 49(7):85-90.
Hu Peiwei, Qi Hongfang, Wang Jianwei. Low flatness design of
electrical control box based on process parameter optimization of
injection molding[J]. Plastics Science and Technology, 2021, 49
(7):85-90.
Bk B, W BERT, XIIRLL B T2 R AR 6 0GR A3 # (1 7 28
T2 HbstAe[]. s E 2k, 2015,29(7):80-85.
Duan Jiaxian, Shen Yili, Liu Zhaohong. Multi-objective optimiza-
tion of injection molding process based on AHP and GRA[J].
China Plastics,2015,29(7):80-85.
SRPE B AR, Ml g . ST NSGA-ILRIR AL TOPSIS ¥ 1y 7 31
T B8 BRI AL IR T, 2022, 50(9):95-100, 197
Zhang Qing, Ge Dongdong, He Yeneng. Multi-objective optimiza-
tion of injection molding process parameters based on nsga-ii
algorithm and entropy weight TOPSIS method[J]. China Plastics
Industry,2022,50(9):95-100, 197.
BOIEAL , SRE I, kL I B TR @GOG T I T 2
HArpLA[I]. 2RHRHE ,2019,47(1):104-110.
Huang Haisong, Zhang Lubin, Yao Liguo. Multi-objective optimi-
zation of injection molding process based on grey relational analy-
sis[J]. Plastics Science and Technology,2019,47(1):104-110.
BRI M4, D5 HE 45 BT R GO ITE B T A2 H
FRAEAL B PSO-SVM TR AR A (1) e 37 [J]. T AZEBHNL T , 2021,
49(3):58-64.
Xue Maoyuan, Mei Yi, Tang Fangyan, et al. Multi-objective opti-
mization 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.



