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Thiwakorn Aphirakthanakorn 2012: Optimization of Number and Locations of Gates
for Rubber Injection Mold by using Genetic Algorithms. Master of Engineering
(Mechanical Engineering), Major Field: Mechanical Engineering, Department of

Mechanical Engineering. Thesis Advisor: Miss Anchana Wongsto, Ph.D. 136 pages.

In this work, the Artificial Neural Network (ANN) was developed and employed with
Multi-Objective Genetic Algorithm (MOGA) in order to optimize the number and locations of
gates in rubber injection mold. The predicted results obtained from Computer Aided Engineering
(CAE) program i.e. CADMOLD were utilized to construct the multi-functional objectives. The 2,
2.5, and 3D models was simulated and compared with those obtained from experiments regarding
the flow pattern and weld line location. The flow pattern analysis obtained from thin-wall
moldings indicated that the 2.5D model was in agreement with the experimental result. For the
case study 1, the front case of notebook computer, the number of gates used was 4 and the
injection pressure and its standard deviations (SD) were specified as multi-functional objectives.
The analytical results showed that the ANN incorporated with MOGA can be used for the
prediction of gate and air vent locations with the accuracy of 97.12%. For the case study 2, the
injection pressure and weld line location were employed as multi-functional objectives and the
number of gate used was reduced to 1 gate. The accuracy for the developed model was 99.39%.
For the case study 3, the model was developed by using the bi-section method in order to reduce
the time consuming during the optimization for weld line location and that can also increased the
number of gate used when the maximum injection pressure was reached. It was found that the
developed model can predicted the occurred injection pressure and weld line position with the
accuracy of 86.39%. In addition, it can also be seen that the predicted results obtained in the case
study 2 were in good agreement with those from existing experimental results. Therefore, it can
be concluded that the developed model can be employed as a valuable tool for the optimization of

the number and location of gates.
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M519N 3 (919)

[ 4

A o o o v o
yoilanau AUMIANUTUNUST AR PR ENATE

Radial basis function fin)=e"

>
»

-0.833 0.0 +0.833

31: Demuth ez al. (2008)
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= a S . o
Lmﬂuﬂlugﬂmmﬂ%mmmmuﬂ W (Weight matrix)

Input Multiple-input neuron

A

a—flwp +b)
d‘ A [l = = ] 9 o 9
NINN 27 Lﬂﬁ'ﬁ)"lﬂﬁlﬂigﬁ'lﬂl‘ﬂEJ?JWUQﬁujﬂlLUUWﬁWUﬂl@Hau'ﬂﬂl'l

#301: Demuth e al. (2008)
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7.2.2 aoilagnssumsi¥euneniuilumseviovestiIsou
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Y v
Fu uaaalunind 28

Input Layer of S Neurons
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A o

d‘ A 1 3 =) d' a
HNINN 28 ATDVIIFUIAYIINUITUIU S UITOU
131: Demuth ez al. (2008)
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= DLW LW T (W p by )+ b

ci = [} Qsj a o
HMNN 29 mmmwwmwuiugﬂmmmmﬂcn

131: Demuth ez al. (2008)
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Input Linear Neuron
® "7 - N\
20 . [w,_’,_ z n(t) I7L al?)
D
7 3
\ /N /

a() =iw, , p(t) + Iw, a(t-1}
d' A v 9 [ 1
MAUN 30 ATV WYDUNAVLLLLNY

131: Demuth ez al. (2008)
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7.3 miﬁmui’ HUUUNWINAY (Back-Propagation learning, BP)

7.3.1 MsmauveanIeielseamuuuunsnszedoundy (Backpropagation
I A 1 qg;l 1 ]
neural network) (Hu3TmsAnaswasevislseamasdunuuarig lUdanii (Multilayer
[l Y Y Y
feed forward neural network) detlszneudiedudoyaiudt dusedu uazdudoyadioon

aartanaluning 31

MW 31 LLU“U"ﬁ1@1’é)\‘llﬂ?f]"lJHEJ‘iJiZﬁTV]LHJULLW‘iIﬂ‘i%i]WElESJ}fJuﬂﬁJ‘]J

A 1 1 9 (Y] 9 [ [
TV MuUVUNINTEIegoUNAY UsenounedIulseneuran

€

1. iudellszunana (Processing elements)
1 :} o [y &Y [

2. mihwmdnuaglansunie Tou (Weight and transfer function)
oaj 9 o 9

3. ¥UYoYaU U (Input layer)
QEJ} 1] 9 1

4. FuFDUITUVOINUIBYTZUIaNA (Hidden layer)

5. MIABUADVDIAALIIITOU (Connections)

Y
6. MaizouinnmsiSuanimiin (Adaptive learning)
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F4
7. FUUAAINAGNT (Output layer)
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Y ]
o o o 9 o ¥ A

9 9
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' Y v
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ax J A o Aas ad o 4
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8. TUABUITITINUENIIN (Genetic Algorithm, GA)
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s A

] 9
(Optimization) 118z M5138U35 1UIAT0ITNT (Machine learning) lunyuamsnmwadnsnangaiu
09; ax A 1Y o Y 1 J v d’dd‘
TuapuIBwugnIsugmim lyluvatey i wu msvilansunanga msilssuiana
<3| 9 A dg’ 9 ra 4 o’/’ an A
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o ] { QSJI o 1 1 1ra 4

widwmdamadiimnzay sansdmrisgesszvigeman e lund Ny (Mathur et al.,

Y A QSJI ad A [ d‘ ~ = [ as U d'
1998) UBAVRITUABUITIFINUFNIsUNOToUNGVAUNIZVIUITMIMIA NI TUNYA

4 H 1

uuuauay Ao dwnsounilamluilsgiin ludeiios (Discontinuous search space) 14 taz laj
=T Y 4 o o o o ¢ o 1Ny A Ay
Jutfudsaniuvsyanelnueyiusvesilanduiagilssaavesilav ualiveides Ao deg

Y
p1fEMIMUIAINTIMA1e9 su M Iidealdannulumsmuin

E4
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MIMNUVOITUADUITIFINU NI W UANHULYDINITHIAAD VUV UHYUIY
(Parallel search) laafimoud ldvnmsnidinouluuaaz iy (Generation) Tmsnlasugal

1 [

1 ' E4 v v b4

(Transformation) 1011 lgmsdumdrneunaaulugudia’lyl msudsundasimaduny
o . 1 . 3 < ) dy ~ 9
AnoU (Solution) 1UNUUTLHINT (Population) U 1HumadrsraiunlumIAUMI (Search

1 a Yy ' v A o Ay v 1 @ A o 1
space) tazduaiuldiimsnieneaguanyuznavesdimeunauny ldsguialy e lg
o d‘d 1 d‘ . . A d‘d (% d‘dd‘ .
MaounUAUNIZauNgA (Optimum  solution)  W30UszmInINUANYUNANGA (Fittest
individual)

o 3 ax a o @ A o Y Y
HNINTVAIVUABDUITITIWUGNITU muﬁﬂﬂumwﬂ 32 Iﬂﬂ‘ﬂ')llﬂlla'l szneuaie 3

nszuaumMsdiag laun
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a
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3. M3unuf (Replacement) Ao Mathgnuaruiduiialuy liumulszmnsgum
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T (Selection)

v 9
MU 32 IYINTURIVUABUITIFINUFNT TN

Nan: 91908 (2552)
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[ o 4 o 4 )
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- MIENSHANUDIYFIUEDY (Binary Encoding) taazdumuisuesouly

Y v
Tas TuTsuunua1eal 1 150 0 10U §30 W9 34 Tag 1 unumsdon taz 0 unu'liben

TasTuTay A:

TasTuTasy B :

M 34 MIhsTaLUURUFIUEeN
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b m e ] e
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- madnsRanuudu 1l (Tree encoding) tiunznuilymnineatumswaun
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- MIAARONIUDIANIFUUIUY (Tournament selection) 11114 Tagnsgu
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1.  Output Indicator
The best solution Maximum injection pressure

Standard deviation of injection pressure at each gate

2. Design factors Level

Population size 10 30 50
3. Controllable factors Controllable value

Population type Double vector
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Fitness scaling Rank

Crossover rate (P) 0.75

Mutation rate (P_) 0.03

Maximum generation 250

4.  Number of experimental run 3 runs x 3 times = 9 runs
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1. Output Indicator
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2. Design factors Level
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1. Output Indicator
Iteration Maximum injection pressure

Standard deviation of injection pressure at each gate

2. Design factors Level

Mutation rate 0.01 0.03 0.05
3. Controllable factors Controllable value

Population type Double vector

Selection Tournament

Fitness scaling Rank

Population size Result from 1.5.1

Crossover rate Result from 1.5.2

Maximum generation 250
4. Number of experimental run 3 runs x 3 times = 9 runs
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Accuracy for

Accuracy for

Run order Epochs Learning rate
pressure (%) SD of pressure (%)
1 3,000 0.05 96.5729 93.3027
2 3,000 0.03 97.2042 94.5165
3 1,000 0.05 97.1532 91.6625
4 1,000 0.01 97.0897 90.4890
5 5,000 0.03 97.2175 94.5121
6 1,000 0.03 97.3865 89.4639
7 1,000 0.03 97.2315 91.9588
8 5,000 0.05 97.1089 95.0189
9 1,000 0.05 96.6979 91.5868
10 5,000 0.01 97.1895 88.2415
11 5,000 0.03 98.1465 86.2474
12 1,000 0.05 97.302 90.7601
13 1,000 0.01 96.7059 93.1674
14 5,000 0.01 97.4552 91.5759
15 3,000 0.01 97.3482 91.6899
16 3,000 0.05 96.5437 90.7936
17 3,000 0.03 96.6238 89.9672
18 1,000 0.01 97.3192 89.1972
19 3,000 0.03 96.7172 93.0951
20 5,000 0.05 97.3572 92.7491
21 3,000 0.05 96.2022 93.9142
22 5,000 0.01 97.5711 92.5924
23 1,000 0.03 97.4572 94.3703
24 3,000 0.01 97.1395 94.7524
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Accuracy for

Accuracy for

Run order Epochs Learning rate
pressure (%) SD of pressure (%)
25 5,000 0.05 97.1719 94.7380
26 5,000 0.03 97.4856 93.8941
27 3,000 0.01 98.0278 94.1754
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Source DF Seq SS Adj SS Adj MS F P
Epochs 2 1.04159 1.04159 0.52079 5.53 0.013
Learning rate 2 0.94040 0.94040 0.47020 4.99 0.019
Epochs*Learning rate 4 1.23545 1.23545 0.30886 3.28 0.035
Error 18 1.69463 1.69463 0.09415

Total 26 4.91207
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StdOrder Gate locations Max. Pressure SD Fill time
(MPa)
1 Al Bl C1 D1 103.30 17.0 4.138
2 Al Bl Cl1 D2 99.56 17.6 3.469
3 Al Bl Cl D3 98.6 17.8 3.711
4 Al Bl C2 Dl 103.3 16.9 4.138
5 Al Bl C2 D2 99.54 17.6 3.468
6 Al Bl C2 D3 98.64 17.8 3.704
7 Al Bl C3 DI 94.88 18.3 3.408
8 Al Bl C3 D2 88.97 19.2 3.541
9 Al Bl C3 D3 88.06 17.9 3.401
10 Al B2 C1 DI 99.37 18.6 3.939
11 Al B2 Cl1 D2 103.1 15.0 4217
12 Al B2 Cl1 D3 98.19 18.3 4.067
13 Al B2 C2 Dl 99.37 18.6 3.939
14 Al B2 C2 D2 103.5 14.7 4.200
15 Al B2 C2 D3 98.19 19.1 4.067
16 Al B2 C3 DI 101.4 19.1 3.444
17 Al B2 C3 D2 100.1 20.0 3.443
18 Al B2 C3 D3 101.4 19.6 3.462
19 Al B3 C1 DI 100.5 17.4 4.075
20 Al B3 Cl1 D2 100 17.2 3.759
21 Al B3 Cl D3 105.1 15.4 4.175
22 Al B3 C2 DI 100.5 17.4 4.075
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StdOrder Gate locations Max. Pressure SD Fill time
(MPa)
23 Al B3 C2 D2 100 17.2 3.759
24 Al B3 C2 D3 105.1 15.5 4.175
25 Al B3 C3 Dl 95.08 17.5 3.409
26 Al B3 C3 D2 94.03 19.3 3.434
27 Al B3 C3 D3 91.77 18.6 3.392
28 A2 Bl C1 DI 103.3 17.2 4.138
29 A2 Bl Cl1 D2 99.54 18.3 3.468
30 A2 Bl Cl1 D3 98.58 18.4 3.715
31 A2 Bl C2 DI 103.3 17.2 4.138
32 A2 Bl C2 D2 99.54 18.3 3.468
33 A2 Bl C2 D3 98.60 18.4 3.711
34 A2 Bl C3 Dl 94.88 18.3 3.408
35 A2 Bl C3 D2 70.19 12.9 3.796
36 A2 Bl C3 D3 88.06 17.9 3.401
37 A2 B2 Cl1 DI 99.37 18.6 3.939
38 A2 B2 Cl1 D2 103.5 14.7 4.200
39 A2 B2 Cl D3 85.26 15.3 4.048
40 A2 B2 C2 DI 99.37 18.6 3.939
41 A2 B2 C2 D2 103.5 14.7 4.200
42 A2 B2 C2 D3 98.19 19.1 4.067
43 A2 B2 C3 DI 101.40 19.1 3.444
44 A2 B2 C3 D2 100.1 20.0 3.443
45 A2 B2 C3 D3 101.4 19.6 3.462
46 A2 B3 Cl1 Di 100.5 17.4 4.075
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StdOrder Gate locations Max. Pressure SD Fill time
(MPa)
47 A2 B3 Cl1 D2 100.00 18.6 3.759
48 A2 B3 Cl D3 105.1 15.5 4.175
49 A2 B3 C2 Dl 100.5 17.4 4.075
50 A2 B3 C2 D2 100 18.6 3.759
51 A2 B3 C2 D3 105.1 15.5 4.175
52 A2 B3 C3 Dl 95.08 17.5 3.409
53 A2 B3 C3 D2 94.03 19.3 3.434
54 A2 B3 C3 D3 91.77 18.6 3.392
55 A3 Bl C1 DI 100.8 20.6 3.083
56 A3 Bl Cl1 D2 105.3 19.8 3.084
57 A3 Bl Cl1 D3 102.2 20.0 3.060
58 A3 Bl C2 Dl 100.8 20.6 3.083
59 A3 Bl C2 D2 105.3 19.8 3.084
60 A3 Bl C2 D3 102.2 20.0 3.060
61 A3 Bl C3 DI 77.51 14.7 2.981
62 A3 Bl C3 D2 77.48 17.3 2.991
63 A3 Bl C3 D3 74.4 11.6 3.085
64 A3 B2 C1 Dl 92.93 20.0 3.191
65 A3 B2 Cl1 D2 76.51 12.6 3.259
66 A3 B2 Cl D3 93.08 19.1 3.187
67 A3 B2 C2 DI 92.94 20.0 3.185
68 A3 B2 C2 D2 98.07 19.4 3.050
69 A3 B2 C2 D3 93.03 19.1 3.185
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StdOrder Gate locations Max. Pressure SD Fill time
(MPa)
70 A3 B2 C3 DI 78.46 17.4 3.132
71 A3 B2 C3 D2 79.6 15.6 3.013
72 A3 B2 C3 D3 76.83 19.4 2.960
73 A3 B3 Cl1 Dl 96.11 20.0 3.173
74 A3 B3 Cl1 D2 98.36 18.6 3.049
75 A3 B3 Cl1 D3 97.44 19.2 3.043
76 A3 B3 C2 DI 96.07 20.0 3.181
77 A3 B3 C2 D2 98.36 18.6 3.049
78 A3 B3 C2 D3 97.44 19.2 3.043
79 A3 B3 C3 DI 77.16 16.3 3.030
80 A3 B3 C3 D2 80.2 15.7 3.018
81 A3 B3 C3 D3 78.55 18.2 3.362
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1.5 1apnyRa (Sprue bush)
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1.9 Viaﬁma'mgu (Cooling channel)
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