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Injection process parameters optimization of base by grey correlation-entropy weight method
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2. School of Mechanical and Electrical Engineering, Sugian College, Sugian 223800, China)

Abstract : The handheld-fan base has complex structural characteristics including complex surfaces and multiple reinforce-
ment ribs, the characteristics hinder the material flow and produce product defects such as weld lines, warpage and volume shrink-
age, which affect the surface quality and dimensional accuracy of the product. To solve the above problems, the research on the opti-
mization of injection molding process parameters of the fan base was conducted through the combination of theoretical algorithms
and finite element simulation. Firstly, the number of cavities and gate positions were determined based on product characteristics,
and preliminary analysis revealed significant shrinkage index in the product. Secondly, with warpage deformation and shrinkage
index as optimization objectives, a central composite experiment scheme was established and simulation analysis was carried out,
and multi-objective optimization was carried out by combining grey correlation and entropy weight method, the influence degree of
the process parameters on grey correlation degree were determined to be in the following order: melt temperature,, mould tempera-
ture, injection time, holding pressure, holding time. Finally, the optimal process parameters combination was determined to be a melt
temperature of 225 °C, mould temperature of 30 °C, injection time of 5 s, holding pressure of 20 MPa, and holding time of 30 s.
Compared with the initial scheme, the shrinkage index under the optimal process parameters combination is reduced by 30.79%, due
to the existence of reinforcement ribs, the warpage deformation before and after optimization has a small difference.

Keywords : mold flow analysis ; gray correlation method ; entropy weight method ; multi-objects analysis ; mould design
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Fig. 1 3D model of fan base product
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Tab.1 Level values of injection molding parameters of fan base

T

Lower limit of ~ Upper limit of

Parameters +A
level level
A/°C 240 270 15
B/°C 40 70 10
Cls 2 4 1
D/MPa 30 50 10
Els 20 40 5
Note: £A is horizontal deviation of each parameter.
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Tab. 2 Injection molding simulation analysis scheme and

simulation results

nsuer;‘s; A°C BPC  Cls D/MPa E/s  Xmm Y%
1 240 40 4 50 40 0.144 2458
2 270 40 2 30 20 0129 4.163
3 255 30 3 40 30 0098 3322
4 255 55 3 200 30 0101 2745
5 255 55 3 40 30 0115  3.469
6 240 70 4 50 20 0113 2853
7 255 55 3 60 30 0.111  3.430
8 240 70 2 50 40 0124 3.436
9 25 55 3 40 30 009 2719
10 270 40 4 50 20 0102 3.336
1 240 40 2 50 20 0114 3472
12 255 55 3 40 30 0115  3.469
13 240 70 2 30 20 0139 3.531
14 270 70 4 30 20 0132 3.586
15 270 70 4 50 40 0117 3.464
16 255 55 3 40 30 0115  3.469
17 255 55 5 40 30 0120 2.609
18 240 40 2 30 40 0107 3.416
19 255 55 3 40 15 0.140  3.660
20 285 55 3 40 30 0124 4106
21 255 55 3 40 30 0.115  3.469
2 240 70 4 30 40 0106 2.809
23 270 70 2 30 40 0134 4133
24 255 80 3 40 30 0133 3.190
25 270 40 4 30 40 0097 3288
26 240 40 4 30 20 0106 3.377
27 270 40 2 50 40 0116 4.117
28 255 55 | 40 30 0129 4122
29 255 55 3 40 30 0115 3.469
30 255 55 3 40 45 0194 0516
31 270 70 2 50 20 0139 4.186
32 255 55 3 40 30 0.114  3.469
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Tab.3 Simulation results of target values of each scheme

Serial Signa-to- Dimension-  Grey incidence ~ Grey corre-
num- noise ratio  less coefficient coefficient lation
ber 5,0 SyM) a) a() EX)  E(Y)  degreey,
1 168 -7.8 000 1.00 033 1.00 0.65
2 178 -124 028 001 041 0.34 0.38
3 202 -104 098 043 0.96 0.47 0.73
4 199 -88 09 079 0.83 0.71 0.77
5 188 -10.8 057 035 054 0.44 0.49
6 189 -9.1 062 072 057 0.64 0.60
7 19.1 -10.7 066 037 0.9 0.44 0.52
8 181 -10.7 038 037 045 0.44 0.45
9 20.1 -87 095 081 0091 0.73 0.82
10 198 -10.5 088 043 0.80 0.47 0.64
11 189 -10.8 059 035 055 0.44 0.50
12 188 -10.8 057 035 054 0.44 0.49
13 171 —-11.0 0.09 032 036 0.42 0.39
14 176 —-11.1 022 029 039 0.41 0.40
15 186 -10.8 053 036 0.1 0.44 0.48
16 188 -10.8 057 035 054 0.44 0.49
17 184 -83 046 089 0438 0.82 0.64
18 194 -10.7 0.75 038 0.67 0.45 0.57
19 171 —-11.3 0.07 025 035 0.40 0.37
20 181 -123 038 0.04 045 0.34 0.40
21 188 -10.8 057 035 054 0.44 0.49
22 195 -9.0 078 075 0.69 0.67 0.68
23 175 -123 0.18 0.02 038 0.34 0.36
24 17.5 -10.1 020 0.51 0.39 0.51 0.44
25 203 -10.3 1.00 045 1.00 0.49 0.77
26 195 -10.6 0.78 040  0.69 0.46 0.58
27 187 -123 055 0.03 053 0.34 0.44
28 178 -12.3 028 0.03 041 0.34 0.38
29 188 -10.8 057 035 054 0.44 0.49
31 17.1 —-124 0.09 0.00 036 0.33 0.35
32 187 -10.8 059 035 055 0.44 0.50
LR T3 .
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Tab. 4 Entropy,redundancy and weight coefficient of

optimized target

Weight coeffi-
Target Entropy e; Redundancy d, :ilegnt :)O/i y !
0
X 0.986 75 0.014 25 53.28
Y 0.987 51 0.012 49 46.72
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Tab.5 Range analysis for grey correlation degree

Level A B C D E
1 0.823 0.728 0.377 0.733 0.374
2 0.550 0.563 0.427 0.513 0.513
3 0.523 0.527 0.539 0.497 0.547
4 0.475 0.462 0.598 0.512 0.546
5 0.397 0.441 0.639 0.524 -

Range 0.426 0.287 0.262 0.236 0.173
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Fig. 5 Average trend chart of grey correlation degree of

each parameter level
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Fig 7 Simulation results of weld line of optimized scheme
3 FEREIZITRITIERE

e B HIAR TG F R (R 25 8 UG B iF ikt y
VESARE R BTt MR A AL C R Y JEs S5 44 4 P 8 T
718 X TR ES IR 254 SR T R AR Ao Sy 15,
TR I S T 2R s 1 Al o3 | R T [, T Y
BB VA 6 ML FLOIE B R UR e S

(H—
il s
e

(a) Core (b) Cavity
IS R AL = L
Fig. 8 3D model of core and cavity structure

&l 9a~[&] 9c A #B A EL I = AL, 1] 9d A JiC AR
I AR LA AR 2 A = R OB R, R LA
BOA BRI RS, BT 7™ S S5 A X A A B 2ok
ANt BT AR R B R A R S T, v
K BT R 8 mm, 83t Moldflow 1537 43 Bt
RRNRHIK I R ZE R 0.7 °C, PR 2 22
Ko BEAR IZBLE R A TS S LA AL
e ALK | De i AILFA A5 S B AR 4L A, Herp S AL
R SRS E S, AU R EE A, AR




84 AR

2024 4E %5 52 4 55 9 1

AP ESALE A 550 mm=x400 mmx416 mm,
TR LI T B N 426 mm, W FH M R B HLAE A 1Y
HTF250A RIS 8841, %0 S 0L i 22 ] LA 235 570
mm = B . PR 5 A SR B 278
mm, #E AL 15 mm, w1 AR /N TR N 303
mm, P, S0 HTF250A 2575 AL A4 T R
KATIA 350 mm, Vi 20K BER TAEL AT 3)

PG e P RS B T AR S A,
FFAETESHL T SE B B, TRUFT ph 55 S BR S A7 5 ok
T P T B AL A il 4 B i 3 e g 11 3 3 A B Js
T RF LTRSS MU H 5 SRR R v S8 B, B e
Mii)Ja % sh A A v, J i S FIRDRFTRE 28 1
5 CE I, FEA T S ALHES) T TR S0 AR
BB FEMTEE N — MR R

B-B
A-A 099.8
30
18 3 = 19
4 | 19 ol 40
5
(— 0 5, /I
7 T 048
A e L1724,
8
8 |
190\ ‘ i 3 | < /_42
1 q It | N SN -
12 \ N N | RS 23 s
T N INE ‘ 24 4
.y N = S ‘ S
4] il 21 35 1
15 r— 020 44
o 28 o
:6\ R — | 7
38
EN
040,
(a) Front view (b) Right view
550

Oy

o 1
- e -
% fe

@
@

-~

400
350
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(d) 3D model

1—Hex socket headless bolt; 2—Sprue puller; 3—Fixed clamping plate ; 4—Runner ejector plate; 5—Fixed mould plate;

6,10,15,25,27,29,37,38—Hex socket bolt; 7—Cavity ; &—Shutter; 9—Core; | —Moving mould plate; 12/16—Locating pin;

13/30—Hexagon flat head bolt; 14—Dust guard; 1 7—Bottom fixed plate ; 18—Bolt limit pillar; 19—Hexagon limit bolt; 20—Pull rod;21—Return pin;

22—Ejector pin;23—Rectangular ring ; 24—Support pillar; 26—Limited pillar; 28—Stop pin;31—Sprue bush; 32—Water swivel; 33—Seal ring;

34—Support plate; 35—Ejector plate; 36—Ejector retainer plate; 39—Guide pillar; 40—Stripping guide bush;41—Fixed mould guide bush;

42—Moving mould guide bush;43—Ejector plate guide pillar;44—Ejector plate guide bush
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Fig. 9 Three-view drawing and 3D assembling model of plastic parts mould
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Fig. 10 Actual injection plastic part of fan base
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