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Condition Monitoring Technology for Plant Machinery system
Based on Integrated Wear Monitoring

1
Ao,

i I

B2 29T AE

Abstract - Condition monitoring technology was applied for an air compressor

lubricating system to achieve a proactive maintenance, which could prevent a

catastrophic failure and detect root causes of the conditional failure of the system.

For this work, various types of wear monitoring technology were used and

compared with the results of vibration and temperature measurements. Results

generally showed that every technology has a limitation to failure detection, and

integrated—-based condition monitoring should be performed for the best results. In

this work, an idea for the implementing integrated wear monitoring was suggested

and demonstrated.

LME

]

oF
)

£ oo

reorr 2

s

g 7 AEY 2 FFe
174 3ty ol 7] 3]
d&o) 93t AT E
] Ao oz 13
A, 71AA 2"
%ﬁzi E% 1A o
}o AbH o] A
Hebel 27]

ol

e
o
N
o 1o e

ke
-
[}

o

—

| JE‘
£
[t

2 o
0%
£ g
it

[o

&
>

!
-~
)

o
8
2
ol

2

=

44
=

Hr o ki
2

o]
-
L
£
——

—

PO

L ok

B2 a4 ey X R0 oo ¢Q kU R ot
off
o o

2 B3l 37 7ee =9 ¥ AFA
2ol FHaAol AFHoz Hi ik
I g B HZ FE531A ARsn
UE FU ST AHE Fo HIAZTAE
At ot A, BAdE MAFEER
B9 7] 71%2 Turn-key Base® A

Fwol A3l fout, TFe A7) Rop
o N7EEE 9

Paabe Sol A gal
SAl s NAE Amgen sty
gog AAH S AT AT 5
Hzkg Wl A Aee wA Ao

Aejdrlee ddozs HAA
TS BAH 7MY BEo] FHR Y+
e AR ANxdel 5P 243
254 AMe) oF AHAUIEL A

-191~-



i

o3
2
no_(:
jinsd
2
2
§a

ae, A7) 71ee A 4§
1A AT F e wEe 7

2EolA 747 BASHE 5o

T\lm

do nin “-‘O
o
X
i
v
rlu
fo
[
it
tio
ol
2

£

A
1 57 & A3 3E
A& T Y adE
tel FAGSA 542 1
o3 gEd Al

l
=9
e

o]

¢

2,
N
2

o]

ooy 4z o X ofr ¥ O oo (R
Anj

22 o
o

o
2 S

X
i
2
>
oo
ol
o
rlr
N
el
2
)

e
s}

o ol#aty] ARAY AAHeE &

&}
2t
3t
g & e AA7 HE & vl o
E3 AVl VlEe gt o= VIAAX
o) ALoA FAT FAede FEAY
g AAHIA S L B4 A4
BAMES geovw, FHMAFY €A
MAo) et FAZAAG7 AA H5E F
Rqeoz FYAIE 7] Zokd HAEH
Zlegolojof g BAHER ATH2]L
ZNAANZR el A HAsE vtERFS
ZA4stn BEXgozN JIAAN=HY] 3
& o3 92 HAAYE #dA e ofE
v ol EMS B3 Audriss
FEA sl 2 Aexdried Al
v gHES BaEgd FAY FL IF
F Z2AHAEANN AE F Ue AT
ARE 2 F Ave AHES AU
At 719 vl FEALES AE
st Z1AIA 2" oA LA stE iR
AAEY 4 ¢ EREAS 4= A
Bk 71g AlFoz A, A Ue] A
B3t QdAle ARE ddse vis
I} FArstE, wERA s A ARRRTE
(Machine Health Monitoring) 2% &2

o

-192-

+e eA AYAeRE wRY
AEe grEd 2 o 2

g (% whElFel Ho)), YRR
2AYR BY AR, AL R ¥
quq o 2 ARYEFS AT 4
e, 4-61.

oz g ZARAN Al olso]
ARz NANLY] AAY IR g
BeY & e, B 24T ol
Aol Mol AL wAs] Apdol A=

2‘5_
Zetstel @Al 71A A" oA u
3 e e o

u
causes)SE MEsln walx

: A 2ol 4
Fgol WAL 5 Ax 2ARAY e

(conditional failure)& ApAd] o 2
ZA F# duh. =% A7) AHE o)A
Hog AFd 7AANz" HAE AT
718 AAAREEAM 28T £5 U
A7tz WY E Bt A8

ARV EES AV EEER 3ol
et dREFsE, Alad FEHS(ZE,
%=, EE5)ES FHs = WUy, VAN
F e 8% B3ty W E &
Aste Wy, vpEEAAUARK T/ A
& SAHNAY, vtRo 9T A=RELS
AANEE SAYHES Ao, o5
oAl EAF7 wEr Fr1A9 Aol
o5k Off-line ¥ d 3 On-line WH o=
TR

ol T B dF9 FL uidd u=
off 9j3 MEEH gAVeL VA F&F



FQ dEcA 1A EAHAD gle] 7]
AfAL BEE A& 4 ARE F
AZ T d&5Hc 2 #A/AAE + 3l
e AEE AYxn e AHdrs
Hob F dAHvIgolnt. VAL LA E
AE ntRJAES 4 A FHOZ 3
MEozx 71A9 AFde 2 AWA
ARE JH & gdg £ Jde FHES
AUz glen 7]&* L2 On-line 37}
&0l 3t tH7]

7)1 7149 On-line 7I€24 < QDM.
(Quantitative Debris Monitor), Magnetic
Plug, Particle Counter, Fluid Condition
Monitor 2 FHZ B AFHAM AL F

2] OMD (Opto Magnetic Detector)& ©]
%s} Wi Eo] glon AMAFHog wl:
AT Gl e A" FgF7],
A ‘6‘"] AMA| 27 2 FHAI~
8 5o A JeEidrlszA O AME
o & zlol® & 9ith

Off-line JEiT 724 FHHd
FUWE HE3 v 3HAdFAM F W
Al Ab&o] Ho] $t¥ Spectroscopy 71&
2ol 1970 o] Fdl 7ierE Ferrography
71%€ 2 PQ(Particle Quantifier) / RPD
(Rotary Particle Depositor)7]& Fo|
EAolt},

B dFqMeE iy 7] 471 74
Nedg gdoz gdd deHidr)
£ H&3tn vusdn. 479 FE

A

>

F

32

7 %4401‘”0“‘1 71&Ee AMSE
= AHIG7 =9 —rEL = R A
Aol = FA34%57 v
wmEto g I AFv] Aol dHyH
H) (Proactive maintenance)s A @432
F de AHAG7IHE AA s &
o
AA

olft

o

g

F}O
>

2. e JIHEEMEE IR

COMP

Fig. 1. Air-compressor system.

vt FTFHEME T AHI
71 AL Ay INGFY] AlAH
S I e Y AAE Aade
Fig. 1olA 2+ upe} Zo] i RE(F
8000 kW), %71, %718 L F874
o2 i loew, Zt FARE REH =
Adwold, tE71e] dH A= Ao
Y, 47 WF9 # 92 gudd 29
2E Wy 5 ZAesz2 Ho )
A" E Yy eds= (e} 5000 L)
ZRYE AW dg, 7o, 4712 FF
3 46 cSt @ 40CUISO VG 46)9 =

7t odo] AEHI Q)
GE7] A" z}xﬂ/} o} & A]
wok opyel o Ale] o3 7}
2 082 thE tFEA|AH o
%%Mﬂ% ARE ZHYE=R
o2 & #7t et Ad 5
OHIOIE—%—% Holtr 1 Ao A
g & ded, Hx HAARYH &
x}mx} 3ol A7l Bz Q3 JtES
A2 Qldte] oF 2000417, olAdgdAgo =z
o3t 71 E x| 83 & <oF 6004 to)et &
AA A E=AE FHA g 71E ALEE)
= }\]-EHZ]C]—;V]»{',}.O, E.X—\P._?,]% &
Tot A, AEEERY T8 EAA
Xé

R e v £

¢

ﬁiﬂiloﬁ.mgo?:
N

iy AL 2 o ofN o
lo
W

KT (L oo b ol |y

T, HEA P, 'r'ﬂ:7}, AA7E, JEES

-193-



120
© 100
3]
5 80
g w0
a
£ 40
Q
=20
U 1 " Il i 1 4
55 97/6/26
Dae
Fig. 2. Temperature of T4 with the
time period. ( ----- Alarm level)
60
50 |
§ 40
§ 30
2 20
10
U 1 i i 1
95/8/10 97/6/26
Date
Fig. 3. Vibration at Y2 with the time
period. ( ----- Alarm level)
%4, BAstn ot 229 AFge
%ol xE TEA(TI~TD

AM, AEFFE EEANYI~Y5NN =3
31 gtk Fig. 29 Fig. 3o M Al2w)
of olaEAel YNY HA 3AFY

Ag 25 2 AFEHY FFH oAF Ho
FIi o, A7 F4 B9 VERs
#e] 7129 42 59 Y2 (Alarm: 40

pgm, Trp: 70pm), T4 (Alarm: 1149,
Trip: 124.9C)e]t}.
EHAANES AHRY FE&7] = ow
o3 R %9 T4 HZ Eoj4
£Ho2 AlarmA & F3Iegxn, 4=
7l dEE Wy 299 AFaA Y271

s

oL

B
24%% wold EHomA
@ =4 2 w6 Fwe
A}
o

Ad7lzel oz gol A

o Hl ro &
K1
T

o
(o]
©

WA sge HeH AHdwrlEe
FUE Fokel AE8RY A F s
£ vimo 9@ Ared @A)

3 g gkt
3-1. ICP 24

Azdo] AMEEE 8% We nkw
A AEEAS A3t ICP(UInductively
Coupled Plasma Spectroscopy) 418
3tk Fig. 40 Yebd A& A9l ICP
FAARE dued 97d 399 AR

43 ol %ol Fe 4¥o mtEx WA

o] o] ZAAFULTE ¢ + Yded, 47
o ¥4 Aue A AHU|IRFEY oA
off 4E7] Asgds wASAD FHE
3 AE dPoez Qs Fg 74 84
Eo F& AHEo] Feg olFoa e
Z4£7] W Wheel ¥ Pinion 714 £4
REEA nfZ WAool Frog Ay
3 AHo2 AR E

10

8 +Fe

QU

3 47N
g
%y

l 1] ] |

1 1

NSRS EE AR X

96//15 Date 974/1

Fig. 4. ICP result of compressor oil.



3-2.RPD &4M

(1) dark metallo-oxide

(2) spherical particle
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Fig. 11. Integrated wear monitoring software
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