5 53 4,56 4 30 T & @ B W H Vol.53, No.4

2025 4F 4 A ENGINEERING PLASTICS APPLICATION Apr. 2025 101

doi:10.3969/j.issn.1001-3539.2025.04.015

ET ACO-BPHEZEMERiEERIRE _ EREFRE
TZSHEKL

*Zaﬁﬂ‘ 3‘0]%‘ XIER", ZElg?, ki, XEE!
[ ARJC A KA LR A S TR, BT RE 1633185 2. BAER RERIE(RINVABRAE, AR 518117]

gl

‘.I.I-llo

TEE: AR R LR AT, AR B AR AR AR ER Moldﬂowik4%ufméﬁiﬁx*'l HAEAEDL, A,
W F EARRFe R KA T ARAIEAREZ T T E3K I, A A Critic A ik TR E & b, il i i F 42 38 5
BARKACEEAL S B ARRAL; 5 T LA E 5240 Z 8 69 BP AP 2 W 25 A | A A WUBE S i%(ACO):;ﬁ‘/z\/% FAE.

LREW, BIEARTUEH B A 93% SEARIEE A 270 °C AELIRE K 87.78 °C AL R B8] 4 3.5 s | AARJE J1 41 35 MPa . &

PRIEST BT ] A7 20 . AFPBE 1] A 179.62 s B, 42 AR AR K\ T & 5 E M. A A Moldflow 3R 5 AR T ¥ A4
e, R BT AR F ERARA 10.697 5% R XMW T F A4 2.169 mm, it L H LA SF R 5054 1.0495, 5
RACH E 2 R ZAA 1.1%, ST ATRAL I IE XA L R 5B A ST RIZEZE A 28%, L5 ARF Rk
Berg, A @RE R, AEBIRERER, LT ACO-BP AV 2 M 44k AL A4 R A T ¥ A S H AT ik A T4k

FE4IR . AR B R SR  HAAAE D R ARAL ; BPAY 2 W 2 B H ik

FESY$ES: TQ320.66 CHiFRINEG: A X EHS:1001-3539(2025)04-0101-07

Optimization of gas-assisted molding process parameters for upper shell of energy storage power supply
based on ACO-BP neural network
YANG Ming', LIU Sai', LIU Jubao', LI Feng’, YAO Jianfeng’, LIU Houde'
[1. School of Mechanical Science and Engineering, Northeast Petroleum University ,Daqing 163318, China;
2. Hongfeng Intelligent Manufacturing (Shenzhen) Co.,Ltd., Shenzhen 518117, China]

Abstract : Taking the upper shell of an energy-storage power supply as the research object, in order to improve the gas-
assisted molding effect, the Moldflow software was used for numerical simulation of gas-assisted molding. An orthogonal experi-
ment was designed, with the gas penetration volume and total warpage deformation as the optimized indexes. The Critic weight
method was utilized to determine the weight proportion, and the dual-objective optimization was transformed into single-objective
optimization by calculating the comprehensive score. The BP neural network model was established between the process parameters
and the comprehensive score, and the ant colony algorithm (ACO) was used for global optimization. The results show that when the
melt pre-injection volume is 93%, the melt temperature is 270 °C, the mold temperature is 87.78 °C, the delay time is 3.5 s, the gas
pressure is 35 MPa, the gas injection time is 20 s, and the cooling time is 179.62 s, the comprehensive score is the largest, and the
process plan is the optimal. The process parameters obtained by optimization were verified using the Moldflow software. The results
show that the gas penetration volume is 10.697 5% and the total warpage deformation is 2.169 mm. Calculating their linear combina-
tion gives a comprehensive score of 1.049 5, with an error of only 1.1% compared with the result of the optimization algorithm. The
trial-mold verification was also carried out. The error between the warpage results of the trial-mold and the result of the mold-flow
analysis is 2.8%, and the product has no defects such as blow-through and burst, with good surface quality. The above research indi-
cates that the technical method of optimizing gas-assisted molding process parameters based on the ACO-BP neural network is feasi-
ble.

Keywords : gas assisted injection molding ; numerical simulation ; parameter optimization ; BP neural network ; ant colony

algorithm
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Fig. 1 Plastic part model and wall thickness analysis
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Fig. 2 Numerical simulation model
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Fig. 3 Simulation results of recommended process parameters
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Tab.1 Factors-level table

Levels Factors
Al%  B/°C  C/°C D/s  E/MPa  Fis Gls
1 93 240 60 1 20 5 150
2 95 250 70 2 25 10 160
3 97 260 80 3 30 15 170
4 99 270 90 4 35 20 180
F2 EXHIRGER
Tab. 2 Results of orthogonal test

NO. Factors Y(1)% Y2y P

A4 B C D E F G ! mm !
1 1 1 1 1 1 1 1 8.008 2,678 04132
2 1 1 2 2 4 4 3 8.477 2.197  0.8293
3 1 2 3 4 1 2 3 8.603 2556 0.5613
4 1 2 4 3 4 3 1 9.039 2353 0.7582
5 1 3 1 3 2 4 2 9.820 2.351 0.829 5
6 1 3 2 4 3 1 4 9.107 2.680  0.509 8
7 1 4 3 2 2 3 4 10387 2484 07767
8 1 4 4 1 3 2 2 1038 2501 0.763 2
9 2 1 3 4 3 4 2 7.844 2278  0.709 8
0 2 1 4 3 2 1 4 6.977 2.634  0.3553
11 2 2 1 1 3 3 4 8.140 2452 0.600 8
12 2 2 2 2 2 2 2 7.555 2.530  0.4879
3 2 3 3 2 4 1 1 7.793 2.659  0.408 8
4 2 3 4 1 1 4 3 8.253 2.484  0.5860
5 2 4 1 3 4 2 3 8.650 2527  0.5880
16 2 4 2 4 1 3 1 8.543 2.540  0.568 4
7 3 1 3 1 4 2 4 6.601 2410 04960
8 3 1 4 2 1 3 2 6.472 2458 04471
9 3 2 1 4 4 1 2 6.411 2.629  0.3086
20 3 2 2 3 1 4 4 7.180 2414 0.5446
21 33 3 3 3 3 3 7.742 2426  0.5855
22 3 3 4 4 2 2 1 7.544 2.570  0.4558
23 3 4 1 2 3 4 1 8.296 2397  0.6576
24 3 4 2 1 2 1 3 7.430 2793 02721
25 4 1 1 4 2 3 3 4.589 2442  0.2913
26 4 1 2 3 3 2 1 4.385 2469  0.2521
27 4 2 3 1 2 4 1 5.130 2396 03754
28 4 2 4 2 3 1 3 4.779 2,655 0.1426
29 4 3 1 2 1 2 4 5.414 2594  0.2468
30 4 3 2 1 4 3 2 5.899 2.431 0.416 9
31 4 4 3 3 1 1 2 5.489 2.750  0.1321
32 4 4 4 4 4 4 4 6.805 2328  0.5780

Notes: F, is comprehensive score value.
2.2 RILERALE
TE IRV HE R P A S B AT N T 34,



104 AR

2025 4E, %5 53 4,45 4 1)

R JC i R SR AR & B A S mm, Ry T
PRUEAS IR AR Y [ e 5 S 850k , B AR AL VAN 45
PRBE o Bt AAb B3 S BRI B/ INREE D)
BEHEFED HEAX R (1)~3),

ERFHERIFREL A (1)

o Y(j)-minY,(/)
= max Y,(j) - minY,(j) M

K Y ()R DI E P b AL 5 A
W, Y() R o AP R bR Y i 1A B FE R , minY ()
9 Y() /M max Y)Y Y()h K

BN BR AL A AN (2) o
maxY;(j) - Y;(j)

P maxY, () - min, () @
LRI AR IR ).
Y,(j) - Yu()

vyt T -0 o)

maxY,(j) - min¥, ()

SR V()R V()R EFRE.

Vi REHL IR S MRS bR D R A
B (MR, B 0 A T N B [
I, RSB RUR A S () R M T A
UL F5 A TS A 78 Q) MR
HEA AL

S Critic KU B0 By o7 TE 35 g bk 2
VAR 5 725 I R i A6 b R R
H AR S et i L KR I 3

£3 Critie EITELER
Tab.3 Results of Critic weight calculation

Indicator Indicator Information

It Weight/?
em variability confliction content cight/%
Y(1) 0.267 0.851 0.227 53.63
Y(2) 0.231 0.851 0.196 46.37

B 5 S AU JE AR B B 12 30 (4) TR A
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Fig. 4 Mean square error diagram of hidden layer calculation results
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Fig. 5 Flowchart of ACO-BP neural network
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Fig. 8 Contours of the optimized numerical simulation results
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Tab.4 Comparison between warpage of trial-molded product and

numerical simulation results of Moldflow software

Maximum  Warpage value

Average warpage value of . Rela
samples/mm average from numeri- tive
warpage cal simulation/ o
1 2 3 4 5 average/mm mm error/%
225 236 212 227 215 2.23 2.169 2.8

(a) Front side

(b) Back side
E10 ISy
Fig. 10 Physical image of injection-molded parts
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