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A Study on the Stability Control of Injection-molded
Product Weight using Artificial Neural Network
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{Abstract)

In the injection molding process, the controlling stability of products quality is a
very important factor in terms of productivity. Even when the optimum process
conditions for the desired product quality are applied, uncontrollable external factors
such as ambient temperature and humidity cause inevitable changes in the state of the
melt resin, mold temperature. etc. Therefore, it is very difficult to maintain prodcut
quality. In this study, a system that learns the correlation between process variables
and product weight through artificial neural networks and predicts process conditions
for the target weight was established. Then, when a disturbance occurs in the
injection molding process and fluctuations in the weight of the product occur, the
stability control of the product quality was performed by ANN predicting a new
process condition for the change of weight. In order to artificially generate disturbance
in the injection molding process, controllable factors were selected and changed
among factors not learned in the ANN model. Initially, injection molding was
performed with a polypropylene having a melt flow index of 10 g/10min, and then
the resin was replaced with a polypropylene having a melt floiw index of 33 g/10min
to apply disturbance. As a result, when the disturbance occurred, the deviation of the
weight was —0.57 g, resulting in an error of —1.37%. Using the control method proposed
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in the study, through a total of 11 control processes, 41.57 g with an error of 0.00%

in the range of 0.5% deviation of the target weight was measured, and the weight

was stably maintained with 0.15+0.07% error afterwards.

Keywords . Injection molding, Artificial neural network, Process conditions,

Disturbance, Weight control
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Table 1. Hyper-parameter of artificial neuron network

Parameter Explain
+ The activation function is a function
that converts the sum of the input
Activation signals into an output signal. It
function determines how much of the input
signal to output and builds a layer
on the network to express non-linearity.
Number of | - The number of neurons in a layer
neurons in| defines operation process ability of
a layer each layer
+ Typically layers between input and
Number of ypicaly fay b npu
output layer, which are called
layers .
hidden layers
+ The number of times all training
Number of
examples have been passed through
epochs . .
the network during training
. - Step length for artificial neuron
eaming rate
network update
- The optimizer defines optimization
Optimizer algorithm for objective function for
artificial neuron network

2.3 G¥u} LI2|E (Back propagation
algorithm)
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Step. 1 - —
Learning of ANN between injection 1 Sten.3
molding conditions and product weight P-
‘ ‘Weight error : AW = Wp — W; ‘

Applying weight value

+ according to error : &

ANN input weight L
w; = w; — aAW|
Step. 2 ¢
Process conditi_m}s x , » Product weight fo_r input »[ Search for process conditions Step. 4
(ex. 100,000 conditions) process conditions with minimum deviation

ANN model

Optimal process conditions
L for target weight
A

Search for process

. .inp ut weight: Wi — |~ o ditions with Injection molding
(Initial input : target minimum deviation
weight Wy)

Optimal process conditions Manufacturing
J for target weight Nt controlled
4 -
Injection molding product W?g]n Wy
Disturbance
No disturbance idi
v v such as humidity, temperature. Weight error :
Manufacturing Manufacturing AW =Wy —W;
product inside target product outside target
‘weight range : Wy, weight range : Wp
|
L Manufacturing
product inside target
weight range
eh ¢ Step. 5

Fig. 3 Concept of maintain system for product weight using ANN prediction model
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Fig. 4 Compensation of ANN input weight as
much as weight deviation

sfolal e ¢
W= A A, 5

7

He Fig 49F o] deAETE %5%
=

ABS A 2 AR Eavt] A4
AWt pe] BAE 7K ARl Atk
ATl 9 PAZ WA v 1] o
U A9, B HYadol EHEn HYE
of B Flze] A ZANHY W+ pRTH 5
W A (= (W4 0)- 9] FAS 7EY
% Ik Bolet

o Fig 5% 2E A4S HE] S

4

Wamel Y A FEa AENEE

A 57hee] el WAS A golol
‘]

el A AR

ro,
o

IT'__

o},

Tdo] e T FRe] cfeh ulAt

2 Wbl slo] A3aETel A2 WA 37
F A BRI BRI 4SS
Sl SR ARRAETRN Bl 2w, S5
S el o3t A WL 2 oM A

olE|UR Fig 49 TA WA p7F g< 19 fF
oF Rtk 7Y A4S Fig. 49 2ol AA|
AEAEEe] AR ¢lgAlAY W ¢JEst
A9 SRS AGAQL WA FAR= 7t
He o S 9lonR Fig 49] Mde FE 94
Al2glell Agstgict. 12 Figure 39] 39A/f
A BA X Awe] HE NEX o= BR
—r7ﬂ Holol| st AL Jesle] A A9
a0l weh AFse ol Agetion 2
A= Table 23} o] 712X E AA4stglcth
Figure 39] 40Hl= Aj2g <QlaAlAwe] ¢

Table 2. Convergence weight value according to weight error

Weight error (%)

0<A0.1

0.1<A0.5

0.5< A 1.0 1.0 (A

Convergence weight « 0.1

0.5 0.8
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Fig. 6 Injection molding machine(Roboshot « -S250iA)
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Table 3. Injection molding conditions for ANN model ohal A= 57| FAUSE FUHE Aot
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Conditions ] 5 3 Unit < grlstact
Melt temperature | 200 | 220 | 240 C AFAEHS o83t 277le] APz ol
Mold temperature | 40 50 60 T Table 39 Ho|, A 7j&os 7|29 =4
Injection speed 30 75 120 mm/s T 2HEA] AT E ololz AAT 287[0] ATz
VP swhehover | 900 | 1,000 | 1,100 | bar e 7k Astel % 5570 Agziel el 4

(pressure control)
Packing pressure | 700 900 | 1,100 bar

Cooling time 1 3 5 sec
Back pressure 40 60 80 bar 3.3 ANN 2% =X 5l sk

Plastification speed | 80 115 150 rpm
Suckback | 2 [ 3 [ 4 [ wm Table 4ol @AY 277) 27 Qol2 A
et 2870 2ol diet AHEIE Asieith
27§40 A2 FA %S 1% 9% Table 49] A% 25T 24 RASE BT 2
Als REE 537] f1el Table 33 #o] 1071 =, 4d, A o =24 Ao weh AA gk
o Jgsrggol el 10204F 354=9] AalHl o A7|e} Wspe] AFrrt thEA vehdt) wet
S o8t 27709 dlofe Al gt A A, ANNefl Axje] 34 glo] S5Ald A5, o

Table 4. Injection molding data set for ANN mold

Melt Mold | Injection .V/P Packing PaF]dng quﬁng Back | Plastification | Suck Weight
No. | temp. | temp. speed |switchover| pressure | time time | pressure speed back ® Role
() () | (mm/s) (bar) (bar) (sec) (sec) | (bar) (rpm) (mm)
1 200 40 30 900 700 1.0 20 40 80 2 39.99 Train
2 200 40 30 1,000 700 3.0 30 60 115 3 41.48 Train
3 200 40 30 1,100 700 5.0 40 80 150 4 41.66 Train
4 220 60 30 1,000 900 1.0 20 40 115 3 40.56 Train
5 220 60 30 1,100 900 3.0 30 60 150 4 41.78 Train
6 220 60 30 900 900 5.0 40 80 80 2 42.12 Train
7 240 80 30 1,100 1,100 1.0 20 40 150 4 40.26 Train
8 240 80 30 900 1,100 3.0 30 60 80 2 41.66 Train
9 240 80 30 1,000 1,100 5.0 40 80 115 3 42.33 Train
10 200 60 75 1,000 1,100 1.0 30 80 80 4 40.31 Train
11 200 60 75 1,100 1,100 3.0 40 40 115 2 41.85 Train
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200 60 75 900 1,100 5.0 20 60 150 3 42.18 Train
220 80 75 1,100 700 1.0 30 80 115 2 39.24 Train
220 80 75 900 700 3.0 40 40 150 3 40.45 Train
220 80 75 1,000 700 5.0 20 60 80 4 40.98 Train
240 40 75 900 900 1.0 30 80 150 3 40.02 Train
240 40 75 1,000 900 3.0 40 40 80 4 41.54 Train
240 40 75 1,100 900 5.0 20 60 115 2 41.94 Train
200 80 120 1,100 900 1.0 40 60 80 3 39.26 Train
200 80 120 900 900 3.0 20 80 115 4 40.71 Train
200 80 120 1,000 900 5.0 30 40 150 2 41.41 Train
220 40 120 900 1,100 1.0 40 60 115 4 40.24 Train
220 40 120 1,000 1,100 3.0 20 80 150 2 41.83 Train
220 40 120 1,100 1,100 5.0 30 40 80 3 42.30 Train
240 60 120 1,000 700 1.0 40 60 150 2 38.95 Train
240 60 120 1,100 700 3.0 20 80 80 3 40.48 Train
240 60 120 900 700 5.0 30 40 115 4 41.19 Train
217 44 32 950 758 2.5 37 52 105 3 41.58 Train
229 57 109 1,045 881 3.8 30 77 127 3 41.57 Valid
225 59 53 911 746 1.9 25 51 100 2 40.56 Train
218 54 71 1,091 1,027 3.0 30 50 6 3 41.90 Train
218 80 95 903 849 1.8 31 66 104 2 40.11 Train
234 68 55 1,038 1,097 24 34 61 129 3 41.45 Train
234 45 91 948 717 2.1 27 78 121 4 40.50 Valid
201 43 40 928 922 3.2 38 73 103 4 41.82 Train
218 60 80 1,093 1,000 1.1 25 45 147 4 40.32 Train
203 85 85 1,084 805 4.9 23 79 97 3 41.52 Train
204 53 53 1,033 804 1.5 30 75 120 3 40.26 Train
209 75 75 916 834 3.5 36 70 141 3 41.06 Train
234 115 115 1,077 815 33 20 77 128 3 41.10 Valid
210 109 109 962 852 33 28 44 85 2 41.00 Train
224 102 102 1,011 945 3.9 28 61 119 3 41.79 Train
206 51 51 1,031 948 24 30 51 104 3 41.22 Train
218 97 97 982 755 4.9 25 73 117 4 41.37 Train
202 92 92 1,084 804 43 23 71 90 3 41.24 Train
208 87 87 1,005 768 5.0 39 72 112 4 41.41 Valid
216 102 102 901 1,015 3.8 35 69 110 4 42.05 Train
209 82 82 952 875 43 21 68 100 3 41.25 Train
215 116 116 971 850 1.1 25 49 85 3 39.73 Train
233 63 63 1,083 704 3.5 34 63 131 3 41.26 Train
219 100 100 1,026 716 1.3 39 78 88 2 39.58 Train
236 412 42 1,067 807 4.7 33 50 128 3 41,59 Valid
202 67 67 1,002 847 4.6 29 45 134 2 41.60 Train
216 47 47 994 941 1.3 24 72 114 4 40.31 Train
235 32 32 1,017 947 3.1 25 55 138 4 42.16 Train
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Fig. 7 Injection molding machine(Roboshot  -5250iA)

Table 5. Structure parameters for ANN model

Parameter Value
Input data 10
Output data 1
Hidden layers 5
Neurons per hidden layers 10
Type Adam
U 0.001
Optimizer By 0.9
By 0.999
€ 10
Activation function ReLU
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ZHog AMEE  AIRO|=(Sigmoid) 49
TAFl 71%7] £4(Gradient vanishing)
Asl7] I3 ReLURectified linear unit)e ARE-
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W02 9okl 0Rt & gk dEE A9 o
g 3= IdE Sk ojeer E4o] 1< uF
Sk A|TIHO|E Sl tE FEoR, FiE
2 gAdsKActivation)?} 7]&7] &40 EAES
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f= {(w <0, f(x)

0
x>0, f(x) T @

ANN =do] &3} Tl ofg &t (Adam
optimizer)& ARESFICE o A3}t == &
Al (Momentum) #|#3tet RMS prop 23t
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(Adaptive learning rate method)o|gfale h,
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second raw moment)E YeERATE 12]31 A(6)
9] o= ks &% (Learning rate)s UEMH H
}.z%oe /\1(7)/] 91: ﬁy} ﬁ}ﬂU]E](Resulting
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Fig. 8 Loss function of ANN model

Table 6. Result of validation data set for ANN model

Data | Experiment | Predictive | Deviation %
set No. | weight (g) | weight (g ® Error
1 41.57 41.60 +0.03 +0.07
2 40.50 40.44 -0.06 -0.15
3 41.10 41.02 -0.08 -0.19
4 41.41 41.49 +0.08 +0.19
5 41.59 41.54 -0.05 -0.12
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Table 7. Result of stability control for product weight by ANN model

T ANN Injection molding conditions ment
o. W:‘;i input Ml [ Mold  Tnjecton | Packing | Packing| Cooling | Back [Plasificaion]  V/P | Suck E’fvﬁf“ Deviation| | Distur
@ weight temp. |temp.| Speed |Pressure| Time | time |pressure| speed | switchover | back @ @® bance
® (C) | (O) | (mm/s) | (bar) | (sec) | (sed) | (bar) (rpm) (ar) | (mm)
Initiall 41.57 41.57 229 57 109 881 3.8 30 77 127 1045 3 41.60 -0.03 [-0.07| X
0 |41.57 41.57 229 57 109 881 3.8 30 77 127 1046 3 42.14 -0.57 [-1.37| O
41.11
1 |41.57 (24157-0.8%0.57) 22576 | 852 [1,090| 2.8 22 79 144 1014 4 41.88 -0.31 [-0.75
40.96 -
2 |41.57 (241.11-0.5%0.31) 226 | 63 421 [ 1,091 1.5 28 74 91 1007 3 41.13 0.44 | 1.06 | O
. 4131 . Rl
3 |41.57 (=40.96-0.8x0.44) 22679 | 427 [1,030| 2.8 36 53 121 978 4 42.02 0.45 [-1.08| O
40.95
4 |41.57 (=41.31-0.840.45 224| 62 | 625 |1,065| 1.9 36 48 87 948 3 41.46 0.11 | 026 | O
- 40.98 _ _
5 |41.57 (240.95+0.3x0.11) 226| 63 | 112.0 | 796 3.6 37 60 148 950 4 41.82 -0.25 |-0.60| O
40.86
6 |41.57 (240.98-0.5%0.25) 2311 72 | 33.5 950 1.7 23 67 89 1084 2 41.11 046 | 1.11 | O
41.23
7 |41.57 (=40.86+0.8x0.46) 224 72| 77.0 {1,096 | 2.9 28 52 108 910 3 42.10 -0.53 [-1.27| O
- 40.80 - c c
8 |41.57 (=41.23-0.8%0.53) 224| 68 | 47.6 839 2.5 22 59 108 944 3 41.50 0.07 017 | O
40.82
9 |41.57 (240.80+03x0.07) 218 | 46 | 43.9 995 1.1 36 48 120 939 2 41.11 046 | 1.11 | O
41.19
10 |41.57 (=40.82+0.8%0.46) 2251 57 | 96.6 825 3.1 36 71 98 126 3 41.81 -0.24 |-0.58| O
- 41.07 c c
11 |41.57 (240.19-0.5%0.24) 227177 | 110.9 | 703 4.5 27 67 139 951 4 41.57 0 0.00 | O
41.07
12 [41.57 (241.07-0.1x0.00) 231 79 | 112.4 | 742 4.5 34 75 87 971 3 41.65 -0.08 [-0.19] O
41.05
13 [41.57 (241.07-0.3%0.08) 214 72 | 388 721 2.8 37 75 120 1020 3 41.52 0.05 [0.12 | O
. 41.06 Nl
14 |41.57 (=41.05+0.3x0.05) 2231 73 94.7 728 3.9 30 64 126 912 2 41.60 0.03 |-0.07| O
41.06
15 |41.57 (=41.06-0.1x0.03) 2221 72| 915 788 3.6 32 79 102 932 3 41.68 -0.11 |-0.26| O
41.03 e |
16 [41.57 (241.06-0.3%0.11) 228| 76 | 111.7 | 711 4.4 34 43 132 949 3 41.62 0.05 |-0.12| O
42.8 - -
When disturbance occurs —O— Product weight
42.41 Ve i - - - - Upper limit weight
4204 0\ o | .. JE. W . T Lower limit weignt
C Tl .. ____ IR - W Ol --od-----
= 4161 j \ o/ | No—0-Lgoro—9==0
B e M A TN e L R SR SRRt iy DAL
§ 41.2 \ S g & T
40.8
+0.5% of target weight Return to target weight
404 = =
OO T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Number of maintain control

Fig. 9 Product weight controled by ANN model when disturbance occurs
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