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Abstract — We propose a machine learning-based method for proactively detecting faults in LDPE processes and
predicting equipment lifespan. It is important to detect and prevent unexpected faults in chemical processes in order to
maximize safety and productivity. Since LDPE process is a high-pressure process up to 3,000 kg/cm?g or more, once
ESD occurs, it can result in productivity loss due to increased maintenance periods. By collecting key variables operation data
of the process and using unsupervised machine leaning methods, we developed a fault detection model which detected 4
ESDs 2.4 days prior to the occurrence. In addition, it was confirmed that the life expectancy of a hyper compressor can
be predicted by using the physically significant key variables.

Key words: Machine learning, Unsupervised learning, Principal component analysis, Hotelling’s T2, LDPE, Fault detec-

tion, Emergency shutdown (ESD)

LN 2 3ol QIIES fA5H= S E 2= 2ol Besteh. of7)A] Wek
oL el g, ek 949 257 59 ol eiglo), 3
A St 309 A5, A9 8 AN sk she 0] A e MO 495 ool o) s ] o
HE ANES 97 S8t 3474 F3, kA, A, 4 5 #1712 117 (malfunction), ioﬂ(fouhng) B3] (blockage), T
ofe] AFE5 aLefslof dht}, 53] QA9 ghu = AR It 3 (leaking), Y52 W3}, FE2|E] ] W3} Fo] o] st
o] Aske} A, I 07 At o] Gl o]fro| R v T8 stel 34 dlelle W& 8k 353} Alo] F327}F EA17] wiiel
a7l cholof g Welsteh olge FABH= A 414 shh. 38 B39 ol 1A Bl Ak
sferggeld et el $4E THS 2] ol SR We 4 A4S St el uek 2E 7]t dole] 7]
2] ARlg 7)ol skl ARNE s Aste], Akt FHel 4 RE R 0 % Lo A, 2hz) 2|2 o] geljel whet kA, A A
F WO R Ui = QlEH1-3]. 22 7 I E2 3E olvAl, =
To whom correspondence should be addressed. . - o o I _ - e =
E-mail: amine@lgchem.com A FA A T& vEe =, gekA R o] 2ol ZInkste] eE gt
T POSTECH SI2 24 1] B Z1acio) Faidie o F, A dele g} )% A3 vlaste] o] 4de] 191 2Ivksh:
This is an Open-Access article distributed under the terms of the Creative Com- i _ _ _
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by- HhH ot} spx|qk o] 23t WL FA o T3t Al A Rals 1=
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc- - - . . - _
tion in any medium, provided the original work is properly cited. Hol st A Qt}. & 2ol ol & Ak nw4] 1hdsh

224



waleld 7S 243 LDPE 242 o4k 74 225

=

o X rE
o ofo [
o> %

v}
°
lnl
ok, E
fl
o
e N
1 o
3
o
=
re
i
i
=2
x
rlr
o
E‘—g
o

~
oo K

o fo oz
>

[ nn yo
e
oo L
S o,

%o

o, it
oX 9')1;'
> 3L
0%
i
O

4, 1o o & -
i@éi(ﬁi

°
&2t

o 1o
>
> k2

Jr

Bl ot (T
oo o
b
fr
o
o
=2

to 4 &

oX ML

o
ooz o
oy &
o Qb

K
)
L

rl

Y
i
i)
2

o o
ol
=

o (M oX of rE
%

2 oy o

lo (@ N

o
jn)
O
i}
R
ol
o
£

N

Bl oox K (M oE
X

vy
~
Y

o=
Ru)
B2 E 0 oMok @

|o

U

X

'>4 [
<

ol
i

O

O

o
o3
1o,
(S
et
Jo
-
2wyt >

=

o= =

r\r N‘E K= mlo

)
[t

12
Uz >
off

}.

, Support Vector Machine &

81+ Random Forest 5 %

sh= Hed HHE0l= AFEE 7 BRI, 2

gk HR7F g ehebA] ok vl BIA = AHE-

SHA| E, dubA] © 2 A3 -4 (Principal Component Analysis,
& &3] AHE-EtH6-8).

=2
fu)
o X
o
o
N
)
ot
QL
=)

S

A, 217
[pE 2 7

Aol

n:imimi
Nlﬂ o O Ny

r X ox o O Ho e wi =

I
11]
>

=R

i o o

—
W

o A
%
rE

ﬁ
rz

>~0

N
=
o
HU
0|

32
2
ol

ot
P

A%
i)
OE

olukA 9l oA} 7hx] @l 7k m o] Ak WAL S u) 7}
Stepl: 78/ HIOTEI 2 K8}, Step2: /3t o1 wllolE] 7 of - ikt
©1 ZHA), Step3: o] F7F TE- 1Y Jehe] YAl = sakei)

o] TJrX ol 53] T27k 212 3 A step?] Xé“ dole] R st

o] i 7 A 7k

ol 4&’%6& 4 vlole 2

o
JlN
o o

o Pr Itk A AA] stepo] T35
F=3)| W717F st =] o] wlitolth. g7 2] Y ell= ok
13%% grade% | 1o, Al7to]

&t Ak 252 AAR
=71

& tiks] AlsshA sfof sttt

Fig. 1= ¢4l FAE 45 A3e 29z olw, 3742
Normal mode®] 3&1o] U2 F -5 HolEt 3F2 A2 41E50]
Normal 50| &2 2] L abnormal 50t} (a) 1=
normal mode”} 314Q1 74-9-0] 11, (b) L2~ normal mode”| 12
N1 7g-g-olth, Z¥zte] Aol whe} g} o)ie] -7 7]Ee] &

ot

T Q% A2 M HA step?] oSS TF-dhs Aol 318t
Tl A BAEH= o =2 g vkt 1] W, unit E, o1
Y type R TRFsHA BAshs oldEe] dHg THtehe Al
oce] FQastt. o}l 9] Fig. 201K 4 &S MO A ol
55 s IgS UWHE © 2 Fault Diagnosis(©]d A eh)zhar
Stk oA o= 7 AR stepH H B oS sk e
Fault Detection(®]’d 7F4] o]k gt}

1-2. Ol&t &K 2UEJ

7k o] 74| 2.3 9] robustness’| . E A, Th 3} 22
WO o] A BEE &8 = ATk Stepl: Y KA ollA
AVF F7E o1 Step2: 710 QIA} 3, Step3: 710 QIAE2] A
W A% 9l i) MR BB

ol2]gt #-2 Fig. 304 Ardstar ik F4+ 4 JH=ZE
sjo] &A1 A Q1 2433 (Principal Componentsys XU E|H 3},
vent7]- HbgEhd, Al RS dloldth, AlE 7ke o]
HE A7gell= OV‘]' WY alarme ] ¥ 3L, 2 240 5

Fl

o

= o
oX. ofo

E
oo
r\l

Aol mt 37g <] B 3 20 W, FARE recipe’t A4 o' A7} Y FAUSA 7l I E 5 S8l gl
Aoz wishath 4714 BAGIA obust® 2 9 AT RAS  glom, o] elae] A AT IS Bal 94 $r0 Ne 5
WHE7] Yl ol st Al 255 Hullst st AdElelA] o] Atk 7% == EA1F #2]<] Mahalanobis 7120l 7141
FEs B T Qlojok sk, 187 fleli= el uigt A APk,
° (] [ ] [ ]
° ° ° ° ° ° °
o... % ...:Oo. .... : . .:0:....:0.0..:..0:.:
e o fe o L. e ® ° ® o000 o
° ° o © QO ‘& L4 o e
e ® %o o ° °e .00 0 cgp
o« ° . ° e 08% o Lo oo 3
."..oo C&. %° ° o ° ...... ° ®
... :..0.00 ’.oo’o. ..: o:'.' 28580 '.o.‘o.
° ° .... o © ° ° ° ° oo .O ) ° ..
0 000%e’ ® L0 I ® o eee Q0° e ° 0
° o & o ° Py ° e o ® o o © o
.... .. L o ©® o © (] .... .. LN o ® e © o o
° o ° ° . ° (] ° o © ® o . °
(@) (b)
Fig. 1. (a) One normal mode, (b) Multiple normal mode.
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Fig. 2. Concept of fault diagnosis modeling.
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Fig. 3. Fault detection monitoring using principal component analysis.
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Table 1. List of process variables
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Table 2. Optimal combination of variables to maximize fault detection

performance
Variables Stage 1 Stage 2
Suction 4 4
Discharge 4 4
Temperature Frame Bearing 4 6
Hyper Frame Bearing 4 6
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Oil 2
Leak Gas Flow 4 -
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Developed Compressor Efficiency 4 4
Index AT 4 4
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]+l ESD 3, 4
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