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Development of Diagnostic Expert System for Rotating Machinery
with Journal Bearing-Research on the Diagnosis of the
Nonlinear Characteristics of Rotor System
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Abstract-The development of techniques in diagnosing the state of the system is one of the essential tools in
establishing the automation and unmanned manufacturing system for the realization of CIM/FMS in the fields.
In this paper, we developed various diagnostic schemes for the journal bearing supported rotor system. Up to
now, vibration of the shaft, measurement of the displacement and the temperature have been used for diagnostic
tools, however, the statistical features only could not differentiate the state from states. Thus, we identified the
sensor data for the steady state in the signal processing and then applied the fuzzy c-mean technology to cope
with the nonlinear characteristics of the system. This will, in return, establish a possible diagnostic system for
the rotor system in the fields.
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Fig. 1. System layout.
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Fig. 2. Sensor disposition in the system (® , @ ,® ,®
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Table 1. Comparison of AE (1200 rpm at @)
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wglglo] Bl FAHTh

Time (min)
RMS 0-10 10-20 20-30 30-40 40-50 50-60
Mean 24.579 26.12 24.655 25.198 26.215 26.209
c 2.01 1.25 2.16 1.40 2.49 1.75
Table 2. Comparison of Acc_X (1200 rpm at @)
Time (min) . g
RMS 0-10 10-20 20-30 30-40 40-50 50-60
Mean 43.068 43451 42.768 42.813 41.954 43.180
c 2.36 2.40 1.98 2.16 2.16 2.58
Table 3. Comparison of Acc_Y (1200 rpm at @)
Time (min)
RMS 0-10 10-20 20-30 30-40 40-50 50-60
Mean 21.075 22.313 21.39 21.643 22.606 22.651
c 0.96 1.22 0.99 1.52 2.68 1.86
Table 4. Comparison of Acc_Z (1200 rpm at @)
Time (min)
RMS 0-10 10-20 20-30 30-40 40-50 50-60
Mean 8.366 8.163 9.48 8.903 8.931 9.83
o 0.89 0.51 0.71 1.13 0.59 0.80
Table 5. Comparison of Gap_1 (1200 rpm at @)
Time (min)
RMS 0-10 10-20 20-30 30-40 40-50 50-60
Mean 16.538 16.059 15.857 16.401 16.262 16.173
o 1.04 0.61 0.70 0.54 0.48 0.46
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Table 6. Comparison of Gap_2 (1200 rpm at ®)

Time (mi
RMS (min) 19 10-20 20-30 30-0 40-50 50-60
Mean 31.945 32.107 31.924 31.34 31.523 31.059
c 092 1.19 0.89 0.99 136 1.06
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Table 7. Comparison of X-axis acceleration in RMS

Fig. 3. Trend of Acc_X (2400 rpm at @, Normal).

Aot 2 2S¢ & = 3tk Figs. 3-8 7}
&AM Y9X@) £5(2400 pm)yE TAAAE
9, X, Y, Z5 7H7te) "HiolHE A} opduiejgor
HAIGE Aot Qg Biydd 9o ziEe] A

Normal (Volt)/Abnormal (Volt)

spot pm 1200 1800 2400 3000 3600
@ 17.7/42.6 29.4/65.6 40.1/86.3 45.2/96.7 69.0/100.2
® 16.2/26.1 24.4/36.9 27.7/45.6 36.1/54.2 37.7/54.7
© 17.9/23.3 25.1/33.9 31.5/42.3 37.7/53.9 47.7/612
@ 14.9/15.7 21.2/22.4 27.0/27.7 32.1/35.5 37.3/40.9

Table 8. Comparison of Y-axis acceleration in RMS

Neormal (Volt)/Abnormal (Volt)

<pot fpm 1200 1800 2400 3000 3600
@ 18.0/20.8 2337325 32.3/34.8 36.7/37.2 51.4/56.2
® 13.2/15.5 14.7/22.4 16.6/28.7 19.5/33.1 30.3/34.3
© 16.0/21.0 21.7/303 26.2/34.1 35.1/46.0 39.1/52.5
@ 11.9/13.8 15.6/19.1 18.5/21.1 22.1/28.1 27.4/312

Table 9. Comparison of Z-axis acceleration in RMS

Normal (Volt)/Abnormal (Volt)

pot P 1200 1800 2400 3000 3600
@ 9.1/75 10.6/10.8 12.8/12.9 13.5/13.7 18.9/21.9
® 103/12.1 12.6/16.8 14.3/19.2 16.120.2 21.1/24.1
© 9.7/8.2 104/11.5 12.3/13.1 13.9/14.5 17.7/19.7
@ 9.9/13.0 12.7/16.9 14.7/20.3 16.6/24.2 23.2/27.7
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Table 10. RMS comparison

m Measurement RMS
P location (Volts)
® 0.767

3600 @ 0.778
@ 0.680

® 0.659

® 1.142

5400 ® 1.007
® 0.847

@ 0.832

wi+h+k

—e— Location h
- < - Location k

RMS (Volts)

Data
Fig. 9. RMS comparison measured at @ and ® (3600
rpm).
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Fig. 10. RMS comparison measured at @ and @ (5400
rpm).

NS 9ol FF ANFE olielel AR A
g31] ABPET} NG HEAAR A G D7

42 94T & 908 Rolg.

Journal of the KSTLE

F5E - 2GRl
3. HX|ZIEL o] 2

3-1. HX|XIct 0|2 72

HA] o]&2 19653 vl= ¥Ee] tidke] LA. Zadeh
2] o3l #R] JF o2 (Fuzzy Set Theory)o| A
202 EZ] H B2 BoplM thgxe a8
w85z o7 glrt. #R) o|&e AFES} Q
A A 7K A7k YAl E 7] $1E
Al Q7ke] AMEBRE A B2 oo ofuldt ¥
BES A 7 URE 3. 7129 gAY =gH)
Ae 0 18] o] 43 v HA=ge od 3
Soll 2bd3d] &3l 1, $A3F] Lolx] o 0, 2 o]
2ol 03} 141019 3RE 7EA|A] Ed, Q171e) ofju) B
33 A%E BT F = Ao] HA) =yl

£ =2dMe &€ dolgel el Fuzzy c-
mean ¥E|ES FE3A HolHe 2{HE F35}
R ol& Tt G ol el e AT
TRl 23S EFh o] oA A o
olEl= N7HE ©lolE] Jgtol thalr ztzte] B4
2 HEIE A o1& ol&slo tolele] &4
3 7+ dolEl7ke] AZE ANl ol & 34
Zre] Agle HUE 7t vlolel} T4 Alele] A
£ HaA Y= Aol 83 sdolnt. o213t dlo]
H Z& 43 Folles oA g3 Ig wAe
“If~Then~"¢] FE| & A|4ujo]2 Al2Ho) Fejz
TREL olE UtE HloJEd)] A&l AEFS sk=
$4 S FYPgi

3-2. HX|2| 74y

A7) AL AAE 07} 19 24 =89 SR aE
AzZFe] ofuidt XHE 2T 47} ik o2 § <17k
o] ofmjgt BAE A2 5 UEE 3 o]8o] HR
A3 ©]&(Fuzzy Set Theory)el™, o] o] A3}
o Z AR FAEE 07 1 Ale)) Hgsl Aegre
Hato] el A 7y, ©olF AR A Fes 1}
ERfie, o] ofufgt Bge] WA sl I, AR
AxE Wele 7S WA =l(Fuzzy Logic)eka &
o} o]Z& AFEIY AlZE 23 = A|AxRG Q7
o 7k =EAAR Jepl7] f1ske] 1965 Zadeh
XFTF o] W3R e AES ojmE FHS
PEsle Al &3, &R gerh, o= A
T &Frbehs ouist =g AAE oEe #3A I
(Fuzzy Sety®] /WS AQksle, 72+ hdES 2 AF




o ‘%3l= Hx(Grade of Membership)’ = FE &5}
TAFOR Qdoj3Q gk EEE HAFE) olaE
% Sl=S STk e SRS olgsE ok,
F7h, wje B ATy, Aty F9f Q7o) ARgst
= dop/ldg HFH Aoz MY 5= At

.

3-3. HX| c-mean(Fuzzy C-Means)

RIS FE3e Fo AR Y A Z
2]2:Ef(homogeneous clusters)Z e Zlolt}, of7
A AT AL 2 B2k A6 digh WE &
AoA e 2F Y RE HEe] Nz 215
a7 A3 He oA dtke AL ot
HAEY daEe dY RRE v #E

g FAG=ES siEX A7 J¥e 2718 o)
s ARE = et o= FF slellA] HlolE Y]
HE AAT QSR Ued] B A B ozt
I 28 2 SYAHE A di#Eshke 94
ke 297t Atk olF fiE FEE daElEe] o
means Y322 EClt) n7lle] ARE x,, x, ..., x0] QU
3L Bkl o] HelEEe] JeE X2t sk ol x=
o] HEolr},

X={x1, X25 eee

—_—

N

o it

3
218

)

2 xﬂ}’ xjeRd

oIRE el EBEEQR<c<n)E = A, x
7t AR 29 LHY Sl ARE = Ik

Mk]-E [0, 1]

@, BE el U8, 0<3T U< 012, BE jol thal,
2Uu=10|t} !

uklg-% 842 3= cxXn 2 ue] HEL Mnolgl
gtk 9 Re 54 F7kolE) ERlHA (v, xe,
x)E EuEE} St} F2ElHo| doly AY
Xe} £ ¥ UE d44% Ao Aur gon, ¢
means Y FIME HAe] UE 7] H8l o

3 e AF oA B BAYFR Do,

In(U,0) = T 3 (0) -l 1 Sm<eo ¢y
j=lk=1
‘ﬂ x]__‘;"_ -—l—i]' ?:}_% ﬂﬁ\i 6‘}% ukjg}' Vk“\f‘ 1'Il>1°ﬂ
E ke 2Ae WEw

i —1
ukj{ ; H_xz'_l’i."”l] , for all j, k @)

=1 x—v |

Ao o] o' Ax| g FHZe] ot Ik 9% AG AE} Al 2H 9] A 159

ﬁ:‘ (ulu')mxj

L forall k 3)
Z (uki)m

j=1

Uy

[

A 24 & Fa2=2 ke we S g5
oJsf rafzict,

O m3t 28 F B A, A 19 g ®
(norm)& Aoz} X U] 2717 U%EM S HZ3
478 gt

@ Us} 23y o183l Fe2H F4 (v}
£ Alxkeit

@ v} 2 ()E o)&3dte UPE 73k

@ AP Foom)F GA| & Fo3e, || UP-
U <eo] & w74 e AE WEgith

34. X Ho|E{o) ciet XSzt

E =FdA= fuzzy c-mean 7IH-E 2400 rpmolA]
23 dlolelel tisiA Ag31aL U dlolefel] sy
71sksle 2GS S o]AL T3k AxS- 7|
bo] x2 o sfdtelo]l FEEUE. 7oA o
T @ T 2 S, f1oA f=E A tisl
cluster = 4, HlolE ] F nd 768, L&
001, I3 71X M me 28 FAE] 2t
HREFE 9% JdEL Fig 119] Eole dE3e &
3lo] FolAH I AIE Fig 120 Holx Aagle s
UehAl dot. & AEdelHdl disiA Ass A &
3 #1 o &3he R ASuolE e Yoz A9
A v oF Ak 23 #lol] £38 HoFoh

Fig. 1391 AE A<l dloleie} X Hieke] 714

(P

R\
E L

A

rlo

Fig. 11. Input screen.

Vol. 17. No. 2. 2001



160

Fig. 12. Output screen of Fuzzy C-mean.
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