/i \

Journal of the Korean Society of Manufacturing Technology Engineers 28:6 (2019) 391~399 ghett o

https://doi.org/10.7735/ksmte.2019.28.6.391

J. Korean Soc. Manuf. Technol. Eng.
ISSN 2508-5107(Online)

EHHE X 247|tte| ALEHE SR EMUHE Y

L

a o =x a b
THeol?, 8547 U5

Fault Diagnosis Framework of The Moldflow Production Processes based on

Jeongin

Univariative Analysis

Koo*, Joo-sung Yoon®, Dongil Kim®"

* Research Institute of Sustainable Manufacturing System, Korea Institute of Industrial Technology,
89, Yangdaegiro-gil, Seobuk-gu, Cheonan, Chungnam-do, 31056, Korea

° Dept. of Computer

Science & Engineering, Chungnam National University,

99, Daehak-ro, Yuseong-gu, Daejeon 34134, Korea

ARTICLE INFO

ABSTRACT

Article history:

Received 8 October 2019
Revised 28 November 2019
Accepted 13 December 2019

Keywords:
Injection molding

Data mining
Fault cause analysis
Univariate analysis

Association rules

Plastic molding is an important manufacturing process due to its high
productivity; rapid fault analysis is also important because of its high production
volume. This study presents a fault diagnosis framework for plastic injection
molding processes based on univariate analysis and association rules. The
proposed approach divides process variables into several partitions. For each
partition, we calculate support, confidence, and lift values to discover how
these cause or are associated with defects. Using those results, we present
visualization plots of the production data gathered from a plastic
injection-molding machine. In the experimental section, we examine how the
partitioned process variables are related to defects. In this way, workers not
familiar with mathematics or data analytics can perform defect analyses and
obtain an intuitive basis to easily interpret how plastic injection molding defects
are related to process variables.
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Fig. 1 The Flow of Fault Diagnosis Framework based on Univariate Analysis
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Fig. 5 Density Plot of Partitioned Process Variables according
to Faulty and Regular Products
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Table 2 Summary of The Highest Faulty Lift Values Given Data

Variables Number of # of VI::iI;lffesOfin Fault Normal Normal Fault Total
Partitions Partition .. Lift Lift Products Products Products
Partition
SwitchoverPressure 4 Section_4 70.0 ~ Max 3.55 0.87 72 15 87
HopperTemperature 10 Section_1 Min ~ 51.87 2.859 0.905 62 10 72
MaxInjectionPressure 4 Section_4 70.125 ~ Max 2.257 0.936 203 25 228
MeasuringTime Section_1 Min ~ 11.36 2.238 0.937 82 10 92
Heater2 Section_2 244.8 2.178 0.940 93 11 104
Heater1 Section_3 244.8 1.996 0.949 149 16 165
InjectionTime 10 Section 2 393 ~ 3.95 1.95 0.952 172 18 190
AverageBackPressure 6 Section_6 16.4, 16.5 1.799 0.959 188 18 206
OilTemperature 10 Section_7 40.18 ~ 40.56 1.518 0.974 201 16 217
MaxScrewSpeed Section 3 70.0, 71.0 1.503 0.974 422 33 455
ProcessTime Section 2 553 1.501 0.974 318 25 343
AverageScrewSpeed Section 4 64 1.501 0.974 496 39 535
Table 3 Summary Information and Calculated Results of Partitioned Process Variable Switchover Pressure
Switchover Pressure Values Fault Fault Fault Normal Normal Fault Total
Support Confidence Lift Lift Products | Products | Products
Section_1 Min ~ 68.0 0.006 0.022 0.436 1.029 554 12 566
Section_2 68.0 ~ 69.0 0.018 0.054 1.060 0.997 645 35 680
Section_3 69.0 ~ 70.0 0.018 0.056 1.085 0.996 629 35 664
Section_4 70.0 ~ Max 0.008 0.208 3.550 0.870 72 15 87
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Table 4 Summary Information

and Calculated Results of Partitioned Process Variable ‘MaxBackPressure’

MaxBackPressure Values Fault Fault Fault Normal Normal Fault Total
. Y Support Confidence Lift Lift Products | Products | Products
Section_1 Min ~ 21.59 0.001 0.010 0.194 1.041 105 1 106
Section 2 21.59 ~ 22.00 0.010 0.059 1.140 0.993 324 19 343
Section 3 22.00 ~ 22.40 0.014 0.045 0.883 1.006 625 28 653
Section 4 2240 ~ 22.80 0.020 0.058 1.120 0.994 695 40 735
Section 5 22.80 ~ Max 0.005 0.060 1.158 0.992 151 9 160
I T T T
— SwitchoverPressure normal | w— MaxBackPressure normal
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£ |
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Fig. 6 Density Plot of Partitioned Process Variable ‘Switchover
Pressure’

7] A, ol ke FAHS gk e, EF Support, B
Confidence, 8% Lift, FZ Lift, FENE, B4, ENEE
HAISIIT

3.2 Mgzt

Aol 71Ee2 5% Liftrh £2 #2 WaE< Injection
Time, Measuring Time, Process Time, Max Screw Speed,
Average Screw Speed, Max Injection Pressure, Switch over
Pressure, Average Back Pressure, Oil Temperature, Hopper
Temperature, Heater 1, Heater 27} Q1L o] LS S0 E
A7ol AAE T BEFERET oF 1.5~3. 587 2 2E &
3 4 Qlth oJ& E01A] Injection Time©] 3.93 ~ 3.95%1 L7+
Injection Time ZA] 107} F7F SojlA] 2WH#A FL7tof| HFshe
o] FtolA o] B Lift 72 1.952 HABHE oF 5%t 2ul
7H7to] =& 9ujsitt. &3] Switch over Pressure= 70.0 0|4t

o2

Ql F7tollM BFLift7} 3.552 E3FEo] 4] EFE tiy] 3.5H]

|o r2 i

THE 2 AL 94 898 4 itk ©@<d] Switch over
Pressure7} E3QIA7F E 4 Qlthe 7S AYste Zitto] ohuzt

a1 A FF il Ego] e o]
Faske Ae gste] EFUAtet EAeEdl A% BFE

396

‘MaxBackPressure’ values

Fig. 7 Density Plot of Partitioned Process Variable ‘MaxBackPressure’

01]*1 B2 Support?] &= Lift £912} vt
A ges OE* 4 itk E3F ConfidenceE ERISIEH FAlE= B
EAIA 73t Tlole 9] 2717k A 2A] ghobA HMEL AR
2 HoJA|gh, Hlo|§| 9] A7)0 ut2tA] ©ej7t Hst7] el AT
oJut 7HAIEHE: fsiA = ElofEle] 717 AR AL FokAlE Ze]
et A siFloF she EAIZE EAYRIT:. webM E7F Support

o B Confidence= £ LiftE AAs7] YsiA ZQs A&
o|a AA| Exfat ATAA 7 BAst AEUE AEE A

§317] SishE B9 Lifg B 2ol Fast.
B Litglol <13 & o AT /IS SolN B Lifv)

o i 7| H4Eo] tisiA s|AE MY W RIS J3Hgith
Table 33} Fig. 65 X9 Switch over Pressure 3% 42] ¥=
o EFO] AYHEESFAY s|AEOS FASHAL Qlvh a2]al

NzHoz :rL7} B&E 17t Ao Switch over
Pressure®] 749 & 47]9] Fto 2 W ZAg I 4+ Qith
479 7+ ow B Lift7F 3.552 718 & 73t& 524 ¢
Zro R BABIYL: o2t o EF Lift &2 T W

Sof| gsiNE 7HNEE o 2 Q)8 Zﬂolﬁh
QHA Table 49} Fig. 73} él-o
N A EH T

299 77 ohRlE A SR 4

oS_‘;‘. |



Journal of the Korean Society of Manufacturing Technology Engineers 28:6 (2019) 391~399

— SwitchoverPressure normal
— LSwitchoverPressure defect

Density

i

SwitchoverPressure’ values

T3 T FL] 78 B2

@)
—I Ilngecthn':l'lm.e normal
— ppectionTime defect
2
E -__-—I_,-—-
@
™ -\\
388 2,80 2,95 400 408 410 415
‘InjectionTime’ values
(©
1— Mnxlmn‘:tlnninwd :11:|rn'|nl
— MaxinjectionSpesd defect
=
w
c
@
]
— - S B s "‘h._
1.4 18.6 18.@ 19.0 19.2 19.4 196 19.@
‘MaxinjectionSpeed’ values
G}

Density

Density

Density

= MaxinjectionPressure normal
— MaxinjectionPressune defect

675 700 725 780 775  BO.O  B25 850
‘MaxlnjectionPressure’ values

T T ]
= MeasuringTime normal
— MeasuringTime defect

113 11.4 11.5 11.6

‘MeasuringTime' values

@

T T T
| = AverageScrewSpeed normal
| | AverageScrowSpeed defeck

.-f;h_-ﬁ' | |
L] &0 &1 [ &3 (5] [
‘AverageScrewSpeed’ values
®

Fig. 8 Density Plots of Partitioned Process Variables (a) ‘SwitchoverPressure’, (b) ‘MaxInjectionPressure’, (¢) ‘InjectionTime’,
(d) ‘Measuring Time’, (¢) ‘MaxInjectionSpeed’, (f) ‘AverageScrewSpeed’

Back Pressure H142 RIS uf 78 B2Fo] wo] Adojups=
FEe 224 ~ 2282 YA EF Lift7} 3.558 7F¢ =9H
Switch over Pressure®] 70.0 0]A}Q1 J7HETH B2k 4 onj2
YA B Lifts 1.1582 Bafato] givto] oA Qlo] 22
7t HtEoR Ueg mAlehy 9tk

23 AANISE 7HA3E alo) A ARR st Qe A
2

2 0o
A Beh ol 42 THE BEE Hola 928 $1% 4 A

v es] of| FolN of W= BHS FUSHEA TAH
o2 Mysirm A gk webd £ QTelA ANk A%
% 72K e B Liglel Jshd F o AAlska gk
% 9lg ol

IsiA Fig. 83t 7o) AwjEm ZA4e.

ot

397

O
—
N
~
o,

o o
D)

i)
o= [

g K

N

o)
QN

)
32
)

(

o,
™
oZ
)
s

fg
30 >
iw)

o mHE T Mo N @l

)
£l

ko 3@ N o ¥

_O|L
o

ofo

o

oft e
ol

ofj
Hr
ol

o
ek >
)
ro
o)
)

pod
Kl

ol
ol
i
o 1
ot
o

T

ok

=
TIAIEESES F3f TlolE2A]
g8 ¢ 125 ot
tlojEfollN = EFR AT ©]
of wet BAekw FhAske 4 SIch e Liftrh
FolH AHEAZE, ABAIZE, IR} 712 Hopper
Temperature, Heater 1, Heater 2, Oil Temperature H4EE £

>
it
K1

t
S
iz
rlo

Hir ok
flo o
M
N
ot op
Jo
ot



Jeongin Koo, Joo-sung Yoon, Dongil Kim

2 oM AEEA-|

29
of theld ABBARY 7o) A4
Z,:

rit

=2
N
o O.
=
o
ol
=
0.
3,
D)
¥

[
ok
g0 1%

N
—_

e

e ﬁ i)

)
N
N

TN

rSk
r

¢

Aol SE Zeet
spofsla A7

A
& ol AEet

i

ql

A
bl T
B3} o

2]
b
W >
rE
ey
ofN fu
NoHu e
ol 1o rho

rok
)
.

NE B sl
H o
BoyE o

e
o

ofy
[>
lu
i Ju e

=,

This study has been conducted with the support of the Korea
Institute of Industrial Technology as “Machinability diagnosis

and control system based on deep learning for self-optimized

398

manufacturing system (KITECH EO-19-0430)” and work was
supported by the Industrial Strategic Technology Development
Program (20004537, Development of Manufacturing Big Data
Collection and Analytics General Purpose Platform) funded By
the Ministry of Trade, Industry & Energy (MOTIE, Korea).

References

[1] Chen, W.-C., Tai, P.-H., Wang, M.-W., Deng, W.-J., Chen, C.-T.,
2008, A Neural Network-based Approach for Dynamic Quality
Prediction in a Plastic Injection Molding Process, Expert Systems
with Applications, 35:3 843-849, https://doi.org/10.1016/j.es
wa.2007.07.037.

[2] Li, E., Jia, L., Yu, J., 2002, A Genetic Neural Fuzzy System-based
Quality Prediction Model for Injection Process, Computers &
Chemical Engineering, 26:9 1253-1263, https://doi.org/10.1016
/$0098-1354(02)00092-3.

[3] Min, B.-H., 1999, Quality Prediction of Injection Molded Part by
Neural Network, Proceedings of KSPE 1999 spring conference.,
1-4.

[4] Lee, K. H., Lee, Y. H., 2011, Rule Extraction to Predict Quality
of Injection Molding Process using Decision Tree, Proceedings
of the Korean Society for Precision Engineering 2011 Autumn
Conference., 1-2.

[5] Kang, S. N., Huh, Y. J., Cho, H. C., 2002, A Study on the
Application of Fuzzy Neural Network for Troubleshooting of
Injection Molding Problems, Journal of the Korean Society of
Precision Engineering, 19:11 83-88.

[6] Kenig, S., Ben, D. A., Omer, M., Sadeh, A., 2001, Control of
Properties in Injection Molding by Neural Networks,
Engineering Applications of Artificial Intelligence, 14:6
819-823, https://doi.org/10.1016/50952-1976(02)00006-4.

[7] Baek, J. Y., Kim, B. H., Lee, G. B., 2005, A Searching Method
of Optimal Injection Molding Condition using Neural Network
and Genetic Algorithm, Proceedings of the Korean Society for
Precision Engineering 2005 Autumn Conference., 1-4.

[8] Ryu, K., Liau, Y. Y., Lee, H., 2018, Search for an Optimal
Combination of Process Parameters in Injection Molding based
on ANN, Proceedings of The Korean Institute of Industrial
Engineers 2018 Spring Conference., 1-8.

[9] Lo, W. C., Tsai, K. M., Hsieh, C. Y., 2009, Six Sigma Approach
to Improve Surface Precision of Optical Lenses in the

Injection-Molding Process, The International Journal of Advanced



Journal of the Korean Society of Manufacturing Technology Engineers 28:6 (2019) 391~399

Manufacturing Technology, 41 885-896, https://doi.org/10.1007
/500170-008-1543-0.

[10] Rhee, B. O., Tae, J. S., Choi, J. H., 2009, Injection Molding
Cooling Circuit Optimization by Back-Propagation Algorithm,
Journal of the Korean Society of Machine Tool Engineers, 18:4
430-435, https://doi.org/10.7736/kspe.2014.31.11.1031.

[11] Baek, D. S.,Nam, J., Lee, S. W., 2014, A Development of Feature
Extraction and Condition Diagnosis Algorithm for Lens
Injection Molding Process, Journal of the Korean Society of
Precision Engineering, 31:11 1031-1040, https://doi.org/10.77
36/kspe.2014.31.11.1031.

399

[12] Ribeiro, B., 2005, Support Vector Machines for Quality
Monitoring in a Plastic Injection Molding Process, IEEE
Transactions on Systems Man and Cybernetics Part C., 35:3
401-410, https://doi.org/10.1109/TSMCC.2004.843228.

[13] Koh, B.-W., Kim, J.-S., Choi, H.-G., 2008, Estimation of Process
Parameters Using QFD and Neural Networks in Injection
Molding, IE Interfaces., 21:2 221-228.

[14] Park, K., Ahn, J. H., Choi, S. R., 2001, Optimal Design for
Injection Molding Processes using Design of Experiments and
Finite Element Analysis, Proceedings of the Korean Society for

Technology of Plasticity Conference., 1-4.



	단변량 지수 분석기반의 사출성형 불량원인 분석방법론 개발
	ABSTRACT
	1. 서론
	2. 본론
	3. 실험
	4. 결론
	References


