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Optimization and control of filter element bracket injection molding quality based on RBF and LSGRG
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(1. School of Mechanical Engineering, Tianjin Renai College, Tianjin 301636, China; 2. Tianjin Shengda Chenyang AUTO PARTS Co.,Ltd.,
Tianjin 301600,China; 3. Tianjin Shenghua Houde Technology Co.,Ltd., Tianjin 300182, China;
4. State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract : Aiming at the problems of large volume shrinkage rate and high production energy consumption of filter element
bracket of complex staggered thin wall grille for automobile, finite element simulation method was used to establish the finite
element model of filter element bracket simulation analysis of complex staggered thin wall grille, the volume shrinkage rate of
plastic parts and the maximum clamping force in the injection process were optimized, so as to improve the molding quality of
plastic parts and reduce the production energy consumption. Firstly, a prediction model was established based on optimal latin hyper-
cube sampling (OLHS) method and radial basis function (RBF) neural network model, and the accuracy of the model was verified.
Secondly, by analyzing 20 groups of calculation data and combining with engineering experience, it was found that the volume
shrinkage rate and the maximum clamping force are in conflict with each other, and have a great impact on molding quality and
energy consumption. For this reason, large scale generalized reduced gradient (LSGRG) technology was adopted. LSGRG was used
for multi-objective optimization of the prediction model and the optimal combination of process parameters was obtained. The
maximum mode-locking force optimized by LSGRG method was reduced by 10.30%,and the volume shrinkage rate was reduced by
27.61%. The optimization effect was significant. Finally, the filter element bracket with complexstaggered thin wall grating was
produced by using the optimized injection molding process parameters on the injection molding machine, and the product quality
met the requirements. The joint multi-objective optimization method based on RBF neural network model and LSGRG technology
proposed in this paper can provide reference for the molding quality control and optimization of the same type of plastic parts.

Keywords : filter element bracket ; multi-objective optimization ; optimal latin hypercube sampling ; radial basis function
neural network ; LSGRG technique
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Fig. 1  Filter housing

1.2 ASHERE S

W DA 5 A U2 T A, — AT A 4
1.0 mm, JECFELE RIAS R 73 25 AN K] 2a iz . A%
YN L A KAE 10.0 /ML 1,16 F-3{E 1.95 P L
2£.96.7%, P T F i A I 2ok o ARG 4250
TREAR A A G5 AL R A R AN R T TR A A
I8, & 2b PR B PO ELAR 10 mm ), 518 Z AR
HVRCAE 3% 12, 4 18 Il % 5 080 A) BE 1 B 25

mm",

(a) Mesh generation (b) Cooling channel setup
B2 5 B K B
Fig.2 Mesh generation and cooling channel setup

SRR E N - R R b
Foad AR R FH B AS AT 8 i AR ) S AR O R RN
Cross b JEMEAY ; O Head A2 - SR FHBH PR TR ) 27 AR
TR IR R SIS
2 HELERSH

WG BT T ESE0 B R R B
M (4) R 53 °C, BRI BE (B) 4 180 °C, i He it [1]
(C) M 12 s, - FEE J1(D)M 60 MPa, ¥ HII R (E) A
23 s, BB (F) FIAR R AR 24(G) o AT 45 A an 151 3 il
El 4B .



92 AR

2024 4E %5 52 4 45 8 1

180+

—_

[N

S
T

166.73

—e— Mould clamping force

—_ = =

[ S

oS o O
T T T

Mould clamping force/t
D X
S S

S
(=)
T

%)
S
o

10 15 20 25 30 35 40
Time/s

(=]
W

3 B4
Fig.3  Curve of clamping force

[%]

l14.56

10.97

|7.374

3.780

IO.1851

B4 AR R g
Fig. 4 Simulation result of volume shrinkage rate

P ] 3 1) IR g I ] 222 A iy £ mT o, A )
WA 166.73 t, BIAR J7 3 K, 23 X B AILIE WA K
TP, S EOF SEHLE TN FERE K s IRAS 26 B BH
To VEFCARARBI S R E R 2 ST A
REPORGRE , DR AR AR B 4 R A0 B B SR an &
4 IR R AR %R 14.56% AR R4 S8t T 41
TE B (B L 12%) , JCIk PR B 25 SR T 45 1 B O AS
g
3 EFRMAT B AMEFEOLHS)KIE T

OLHS & —Fh e Z 423 [a] v AE i3 51 i A ke AR
SRR T, REAS B I8 ) AL A R R AR R
AR, FEH BT HEAAR AR 11 Bl
AT LR bR PE TR BAEAS S8R . OLHS BEA
RO OLANEL S B o

RIGH 2 4,B,C,D,E;

AL HbR: FF G,

WKHEART U 3 BT 235 T S g FCER B M R RR I L 15
AR TS HIBUENL B L& 1,

ZEA G BRI RERE B AT B A T
OLHS i k¢ 773K 15 20 ZHREAS I8 o A5 B3, 75
F) 20 ZHEEA) F AN G HUBLIEE 3R, W2,

._

? O > vl

5 OLHSFEAS S A LR 2
Fig. 5 OLHS sample point distribution diagram

F1 REERBEEE
Tab.1 Ranges of the test factors

Factor A/°C B/°C Cls D/MPa Els
Level 20~70 180~230 10~30 20~80 10~30

R2 BHAHEMRLBENHESR

Tab.2 Optimal Latin hypercube samples and simulation results of

optimized objects

nsuer;‘;; APC BPC Cls MD}fa Els  Ft  Gl%
6211 21158 1737 73.68 27.89 15533 12.52
3053 22211 23.68 5158 30.00 15221 12.87
5421 21684 21.58 29.47 10.00 14922 12.92
41.05 23000 1211 57.89 1947 14936 14.10
2263 18526 1947 4211 2579 169.63 10.72
27.89 19842 1000 4842 13.16 161.19 13.98
2526 203.68 1632 80.00 22.63 16343 11.79
7000 19579 2684 5474 1632 15173 11.88
4632 22474 2789 70.53 1737 14739 13.14
10 3316 187.89 2579 61.05 12.11 16739 10.95
11 5684 20632 1526 7684 11.05 15584 12.53
12 4368 19053 2895 6737 2684 16459 11.03
13 3842 201.05 30.00 2632 2053 157.39 11.83
14 5947 193.16 20.53 32.63 2895 15530 11.66
15 2000 21947 22.63 4526 1421 153.00 12.76
16 6737 20895 11.05 3895 1842 14655 14.18
17 6474 22737 2474 3579 2474 14194 13.54
18 4895 182.63 1842 23.16 1526 162.10 11.08
19 3579 21421 1421 2000 23.68 149.17 13.09
20 5158 180.00 13.16 6421 2158 167.14 14.64
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Tab.3 Testing samples and simulation results

Serial D/
O O, 0,
number A/°C B/°C Cls MPa Els Fit G/%
1 31.11 218.89 14.44 80.00 18.89 160.17 12.62
2 36.67 230.00 27.78 40.00 16.67 145.81 13.42
3 25.56 185.56 2333 5333 10.00 170.22 10.79
4 58.89 191.11 25.56 20.00 21.11 157.64 11.52
5 4222 196.67 30.00 73.33 25.56 160.5 11.4
6 70.00 207.78 21.11 66.67 1222 15236 12.49
7 64.44 22444 16.67 46.67 30.00 1459 14.26
8 20.00 202.22 18.89 3333 27.78 161.5 11.79
9 4778 213.33  10.00 26.67 1444 14996 14.19
10 53.33  180.00 1222 60.00 23.33 16499 14.61
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Fig. 7 Comparison of simulated and predicted values of mode-locking

force and shrinkage rate
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