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Development of Condition Monitoring and Diagnosis System for Rotating Mechinery
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ABSTRACT

This paper introduces an enhanced condition monitoring and diagnosis system recently developed for rotatin machinery.
In the system, the data aquisition/monitoring, signal processing, machine condition classifier, case-based reasoning and
demonstration modules are effectively integrated with user-friendliness so that machine operators can easily monitor and
diagnose the status of rotating machinery in operation. Some of the new features include the directional spectrum,
case-based reasoning and neural network technigues. And the demonstrator modules for fault diagnosis of a gear driving
system and for basic understanding of the rotor dynamics are provided to help the potential users better urderstand the
system..
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Fig. 2 Rotor Vibration Monitor

2.2 RotorSignalAnalyzer(RSA)

%32 =299 RSA Z=2a%[Fig. 3] RVM ==
233 dejelg T3, A Az 99 A4 Fa
9 A, A-FaE @Y FRez FAH Q. RSA
zZ2aPL A AF ANEE HHA FANE + Qe
B4 Aze A 9 wakd A3 AHZE A% complex
classE& FA8d1, ol 7|woZ 3l complex FFTE

81, I A%E o] &3te] Power spectrum T F glo
5, Correlation, Coherence &+ 5& 78 ¢ v =3
ANZ-Fo o9 dde srY 9oL (Harmonic
wavelet) BE o]43ide o] BEAM Ha e B
Al wh e Azidd 9 Fakd A Orbit Analysis{Fig.
da & bl, EAFHs 4, 23EY @ Wy 2dEey
E4[Fig. 5], Coherence Function, Waterfall Plot, ®3F4
Waterfall Plot, Plot,

Correlation Function, Cascade

Harmonic Wavelet(Fig. 6] $°] itk

T

dlald

i3
= 1
fa oo | e - e e T w
o

Sww

ot | s § AW | Opbme | R
Dty Matkar : ’
Aamat o tnew © ing

Va0 6 lmew T US . Yk

e erpdrons
Koot [ [ DT Ko ey
t S ey e e 'D""ul

Magnitude
[
o o =)

o
[

g
o

Camponent

Fig. 4a Orbit Component Plot

2 4012

Fig. 4b Orbit Plot

- 951 -



Seq : 00050 Channgl @ 02-03

Dir, Spactrum Pl

Dir. Power Spectrum
1.0E+4 ;

1.0E+2

Magnitude

1.0E+0

-200 -100 0 100 230
Dir. Cross Spectrum

180

«
(=3

Phase, deg
o

'
©
[=1

-200 -100 0 100 200

Fig. 5 Directional Spectrum Plot

Frequency. Hz

[

Systern(S) Program(P) Haip(H)

Bamola

Data Input

-

Data Management

&

Train Database

<

Classify Condition

Canfigurstion Holo ‘ Hoou l i l
3 i Ymsion 0.8 Revision 4

Fig. 7 Machine Condition Classifier

2.3 MachineConditionClassifier(MCC)

MCC =213(Fig. 712 dd7179 2elg vYehle 2
/28 NIE dolEuolAcz AR ¥n NRE €
A5 AAPE o, 2 AES HAHY Azl seE
gretsbe, A58 714 Ad EF Az A%/ae *L
39 BF F&& AF o)t dojEd HFg Ay

A3

AR FH/EFE 99 s °§Z}§}(Learmng
Vector Quantlzatlon 7]“‘9* *}%3]'9\19—“1 £ EEY o)y
@

Status 3 Sigeal dats acquiced
Condiign + [-°F0 Lo

WAAAAAAR sl
vvrTvuY) | me

Sertst Number

Databyst lofgrmatiaq .

s Modsl Name & soixaoaciot

s wmcowonA-2002-08-3003-29-32

Xrax: QL16sdc  Yuok: V.

Ovennt vah,e(AMS) + 15E 48

Seve o Disk '

Capsigursion ] Closs

Fig. 8 Data Input Screen
(1)41 2 & S (Datalnput)
AZASE 3 947 Z2aAS YA AY oy HS
g dlolelE FHE vlolHE ARgEly] s 2, ARh 4
o] wet fFdd Algld HER § o]z DBEr A
3t} [Fig. 8]

(2)Data Management
¥¥& dlole|Z Browsing@d
3% & 9Jck[Fig. 9]

Rew dojEe A

i

AAAA/A
(VVVVY

5
Vo ATRaE 9wV

i 3% Vel (FRA) 1 A

Thare am 31 signats, 15 anearM Gata and 1S hommal Cole are Catecil

Modity

Canéiguration

Refen

192267
2000-05-25. 1923-3
MO0 (3235
200-58-25 182443

fooooocs Rarmial
~ procxnnne ol
[ ppomrnox aomat

e
[y

Fig. 9 Data Management Screen

(3)TrainDatabase
DBEU o] AZd FHE dlo]e & o4t slojE g ®Fsto
EAS F&8ln FH/RFAE ¢ SlvhiFig. 10]

- 952 -



Diata Training i at x4
RRRRAR N == O5- 25 TE=60=03, (AT T=
RRXRHX®X-A-2000-05-25-T9-00-38. dat
XRRRH XXX —A-2000-05-25-19-05-24. dat
KURRARRK~H-2000-05-25-19-06-08. dat
K3 xxx—-A~2000-05-25-19-06-53. dat
HKRRRRXHK—A~2000-05-25-19-07-51. dat
XRRRRHNK-A-2000-05-25-19-08-50. dat
KXRX% XK R —A-2000-05-25-19-10-59. dat
XX R xx xR x-A-2000-06-25-19-11-46.dat
XRHNURXX-A-2000-05-25-19-12-41.dat
RXXRH RN -A-2000-05-25~18-13~50, dat
RXRRUUKR-A-2000-05-25-18-14-24 dat
KHXKR KK R-A~2000~05-25-19-14-57, dat
XM RRRHXK—A-2000-05-25-19-15-42, dat
XX XXM XXX —A=-2000-05-25-19~16-49. dat
sxxxxxx—-N~-2000-05-25-19-21-30. dat =i

Jrain J Closa l

Datsbase informstion
s Made] Name | xxxnxen
A A adiien *
FIFIFIVIVIFIFIF S
yUVVVTY -

P emmona-h 200102 20120462

[

Fig. 11 Classify Condition Screen

(4)Classify Condition
Nz 5 AF/A2g AZE dojug wgsld U &
AL old2 dHolHuolAE % FHY E4 HolH
Hlwsle] dxle] 4eE vzt P/ BE A4%E @
ok (Fig. 11]

ot

Wonriawanon, ____________________ E¥

Modet Name i [omammnn
Semejg Qre, (@
Samphing Frequeney *  [Z5600
DatalUnit: [V

Catibration Factor @ [5—“_‘—
Graph Y 8ange : 5

Dafault Condition

[AENGRMAT <}

ad.tomp.l.sxe
Exiernel pragsam shaudd e copiad inta EXT diectosy.

Exterrisl Data Acquisition Program !

Launch explores 1 Relevt program J

oK I Lancel l

Fig. 12 Configuration Screen

(5)Configuration
W71 Ale 2dys AF A weE Ygysin 43 F
ST A8 AEE 8 2oL AT F ArklFig
12]

2.4 Case-Based Reasoning(CBR)
CBR Z2a32 dojefle]2g ARsle] s &4
Z Ad AHEEd 2AF Al 283 fAME AlEE
A7) 93 FAHE ) (Similarity Evaluation)
Mgkl ol Ule Awdte Wt
A7 FEA LS 089 #4E AXA o
© 2B TA /g AL ol Al Hagth
@ TAY ZAE A3 A3 o)A A 2HE] x4
o ARE AAE
@ oA AHHZEEE Ad si7t HALHUTMY, HA" &
Aol gt el 2 st
@ 248 TAE HEPGE ATH =, T4 HE
Adstgetd Al )2 A2 retain) 3ot

o

NMZE Ex(New Case)® 3MA37) H8 3y 049
$A+e B4 A8 (Previous Case)ol FAEx, Haw 747

AYoZEE s ol sAWNHE ’\HE—J: Al ZAL
£(Reuse) &ttt ZH"}%(Reuse)54 HAEL JHHAET}
(Domain Expert)&-& &% 2dzle] o3 4H(Revise)H
i, #4384 Eﬂé‘“‘ﬁ" ANZE A dlat sdye] st
o] Algl2 2 gsln, Alduolxo] AP o2 Algr]
Mxzeol whgo] 2R

Fig. 13o] vehd 948 A& F3A Y84 719=9 7t
FAE A vk 22700 deE T, #2271 49EE 7Y
=g JR L golEdEd AFH oAty 719 =st b
wste] YT A, dEERE AUZ gt AA HE
AZ I Rl gk yrol FALRE Bk

AE Ao met fAIR &l et A7t sorting
Ha, AHAE d3ke AlEE A9dchFig 4] A9 A
A ¥ 19 B8R Ui AHERlE o] EdE &
ZH ot e ¥ ]:—5% EHQOPH @k

2% URE JYBI MR BRI (B HRY[Y J)01Z1-HT LA L.

Siweds ot
Fouar T s Few TR P e T [ Feavens STeRTY]
Brvon Mashng -Predgicted Cause

Aceurrng Tre

reget ‘ FR;asonmg 1

Fig.13 .Case—based Reasoning Input Screen

- 953 -



=3t

=HE SEHBAE, #6t= AGE 245 Gy

FALT &9 1 [motor 22 = 0.38729833

RME @82 fmotor 12 = 0.38729833

RAL & 3. [motor 19 = 0.38729833

AME &7 47 Jmotor 1 = 0.361157559

SAME w78 fmotor 29 = 0.36115755

FAFE @916 [motor 8 = 0.339683110

Fig.14 Result of Case Search
Tablel Standard Case

EN % gl
mu'mu &3

,nmc) Qaw D
wie UL A Ase ek Fneei TR DWW @R
T e e T Las

BI"

Posaewnl SRz RPN RER e
A BE) MUK GUDR b id
wzz | ]
s anue
LEEE] & #7Hblewer] #8 2§ (WNw, 1180r0m, 784 IW 1}
WO BSEE I OB IBREE AREG 40 N0 105 SENImA T —
vauy EAN N BENN el NENT0 BEI A2 WD AR0U NG €U
DiN8 20 RIISHNA. BN EXA DRI § TOADG GIW 100AZ AW
2T SUG ¢ DEWM OYR0 LEHRC)
E97e U8 GUEEN SRS NNE SN0 AVET S SUNEO U R
WY VFNZCWUR UEIC B§) ¥200 EEDRUN 1204 S & taorg
80730 RaE NOU LRI NOIGEE 20U HR WY NSDUE0 ¥
BSHA L)V D 20 JH 22 D‘Q hmrﬂ thigh peda Mierd CELAY &
ANRE DYE I8 3T YO, A AN DROIEE S6 S9N 00D
DmP2ste s $ NS WRILD O -lp°m¢t
T o W NS
A en o OB TS, N0 WE NED)
Bus EX¥AL O L) Tha wageu DRUTSE BUSVSY o8
(22,0 V2034 YJ 0% QXN EY 240 s G?I!DE WEND AL 2 RMOLD
HOPeL T oAk UbluE Awape won wac 06 SITYE OE
ey M u W S S ENAVCNT
B M . 21N ™ §
Sa =g, aos
2% ass
B
KT T Ty
voen  |UE0 B o
eha AGET O Bk B B R Sad SR B3 Bl oA 1
B3N8 AU W Td m Ao B RSR OO,
vewd WE Prart maunionance WA, Wl DL, o 184 1890
T e
ol . e = =t
@ T S ue <

2.5 Gear Fault Diagnosis(GFD)
GFD Zz3#[Fig. 15]1% 719 FE5AA g§5¢
A5 A2y ~"eAdy F2EY Kurtosis S ALt
gt 71Ae 2% fFE AR F ULE gtk RVMe
2R 32 dojevt Yduk ASCH dlojEE B2F g
= gl3n a#g Mg S8 AEAT 44 AHE 4& 5
AEE RogA gk

Fig.15 Gear Fault Diagnosis

2.6 Diagnosis Assistance Demonstrator(DAD)
s AZIAY X“&Xl%l—% 9% DAD Z=2a¥(Fig. 16]
Audold 71ye Sal FAA 71RHA AT A

ojaig F %IEE’? a1 alFig. 17] A ol &
T Ao A P AU & & o
HAA ZEojA 5

+[Fig. 18], YA+ $& AR

Modal specification

- Mation demo

/\LV\

]

of natural vibrati Py

Caléitat of Infl

Fig.16Diagnosis Assistance Demonstrator

=loix

Rotatlan ol rolor 1 DOF vibration

Motion analysis

DOF vibration'

Fig.17Motion Demonstrator

-954_



[0 2 T — s [EEESEREERPEEE:

5,0E-1 L.f..-i..;...:__.

AMPLITUDE
o

-5.0B-11--9

-1.0E+0

Fig.18Example of Mode Shape

3.48

ojAtat o] B oA HI|AY d& L
Agke] BT o8 g5 Iz AAEA

N meg HA7AY FAAS Aade P
W ZRAA FREoRN J¥e #UY ez
g, 91 2 ARG gobel gF71%e F
Asel 7l Aoz sRErh
% 7|
qae et AUse SPAT LA

B
4% FATAATARAL CIAL L%
Moz 45 FYstasyh

e

12
re

L

(1) J. S. Bendat and A. G.
Data

Piersol, 2000, Random

Analysis and Measurement Procedures, 3rd

Edition, Wiley Inter-science.

(2) B84, 19988 A 714 A= AF 359 ¢

A 2BEey A Fx0e7ed WA =R

(3) D. E. Newland, 1997, “Practical Signal Analysis
Do Wavelet Make ASME

DETC97/VIB-4135.

Any Difference?,”

(4) S. Mallat, 1989, “A Theory for Multi-resolution
Signal Decomposition: The Wavelet Representation,”
IEEE Trans. and Math.
Intel, Vol. 11, No. 7.

(5) J. T. Tou, R. Gon, 1974, Pattern Recognition
Principles, Addison~Wesley, Reading, MA.

(6) Y. H. Pao, 1989, Adaptive Pattern Recognition
and Neural Network, Addison-Wesley, New York.

Proc. on Pattern Anal

(7) T. Kohonen, et al, 1996, “Engineering
Application of the  Self-Organizing  Map,”
Proceedings of the IEEE, Vol 84, No. 10, pp.

1358-1384.

(8) S. Haykin, 1999, Neural Network, 2nd Edition,
Prentice Hall.

(9) Y. S. Hwang and S. Y. Bang, 1991, “A New
Neural Network Model Based on Nearest Neighbour
Proc. IJCNN, Vol. 3, pp. 2386-2389.

(100 T. M. Cover, P. E. Hart, 1967,
Neighbor Pattern Classification,” IEEE Trans. on

Classifier,”

“Nearest

Information Theory, Vol. 13.

(11) B. S. Yang, 1998, Machine Health Diagnosis
Case Book, Hyosung Press.

(12) J. S. Park, and K. J. Kim, 1994,
Multi-Input/Single-Output

“Source
Identification Using
Modeling and Causality Checking of Correlated
Inputs,” Transactions of the ASME, Vol. 116, pp.
232-236.

(13) 21&%&, 1997, “dgeaet WA & 7)<
TEAY BEA AN AT oS HAEAEE.
(14) O. S. Jun and J. O. Kim, 1999, “Free Bending
Vibration of a Multi-step Rotor”, Journal of Sound
and Vibration, Vol. 224, No. 4, pp. 625-642.

(15) C. W. Lee, 1993,
Rotors, Chapter 8, Kluwer Academic Publishers,

Netherlands.

Vibration  Analysis  of

- 955 -



