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Diagnosis of Rolling Mill Using Wavelet
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<Abstract>

A diagnosis system that provides early warnings regarding machine malfunction is very important
for rolling mill so as to avoid great losses resulting from unexpected shutdown of the production line.
But it is very difficult to provide early warnings in rolling mill. Because dynamics of rolling mill is
non-linear. This paper proposes a new method for diagnosis of rolling mill using wavelet to solve this
problem. Proposed method that measures the vibration signals of rolling mill on~line and analvze it
using wavelet to acquire pattern datas. And we design a nero—-fuzzy model that diagnose a rolling mill
using this data. Validity of the new method is asserted by numerical simulation.
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Fig. 2-1 Symlet wavelet function
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Fig. 2-2 Result of Continuous wavelet transform
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Fig. 2-3 db5 wavelet mother functionn
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Fig. 2-4 Result of 1-D Discrete Wavelet transform.
m. k4971 3 A

31 doj2ad A5EMg AGL DA

¥Azle dHde A4 vojge] AF AIE ol&3tHt Y wolyge Ae AW
Hoze dtdoz AF B4 Wie] 7Y Wel o/ 85T YA 2 FAME AF A 9
& AE B4 B FoAA FFTE o8¢ F35 24EY L4 & L o] wyge 2%
AEERE Aoz VTN Fas 2HEYY £X g EYsle wWolg o el
W BRE g JPAM FHE Jddte 7 dHAA vHeld 28U o] WYL Zx3
gl FFTY 9 dfo 3oz ¥Hate A3 HRE Aoz A5 £drh B
AT e AFANEE waveletS o] 83t AFFFAM HAAoR ¥AG dojeoia Aol
FE ekl Zod D AHE A5

ZE A7AY A¥gA dANME JAVAY FFEE TG dold vls
o Age FAss o] vt s 7)€Y At WYL FH FALE
E4E A&ste A 5L FEAAG 2"9EY ENME 234 HE
| 7" W&o 7 AR 53] F&F oz AAEHAGHL-3]. 28y of
9] AegdR o2 HE AXNUAN BT PR e A5 A o HHE Y F
ftew, nFdee] Fde] ddsl waA JAsez Aoz A= Ay Ay iy
Hystrl dafde dolzal sMuye] dasdch agxn 4971y & @740 uvs] Fota}
a Bete] JEANE EFE ol2AE 9 JFFo] B =t

g BdE 3% 2 Alade FAAde F& Holy, o] B3, JAse A%
oM wAste ANEJ YHH LR vAGEE kolZE FHHEHA Hol wojzd wrh AT o
& ¢dudFe] a7dEH & A7odMe F¥E-#A 2 oY FE3 dojndg o/ &d o
oA gy At

ol gl
s

I o

o ol & e

2
=

oL
y
X

X oim O}N

N
" ox

_601_



A7l A g oY TR E Fig 4-13 Zon, wolge AFA3E Fig 4-29¢ 0] #4
g dolg FAFA o -t FHE £33 EHEe A2d9E FAsH. deld
A2 Analog InstrumentAle] diolE] £ARE 1805865 FASHoH, WEHYAZ
4KHz® st
ZAE Az nF SA™ANA 127F T 4000719 HolHE HEHow HEE dolyE
Fo 2 EA3tATh Fig. 3-13 #Zo] wolZet 34 FA4HE AMIE dolnadg o] &3 Ag
e 5709 MEE FHE AWE BRAFa ot AA7 AEAF e AFsE wA 9 gt
5 oz RE ddrle AGAE 45T F e 1FIG FERLS 7S F UARE
A7t AE dlelg o 1 Jeiete] BAE HF3 e HoF g

B dAF7AME alolMEE a57HAe] 2FE 4d7] JEY ANRoZRE A7) nAe 34y
diute} GArIFI e ol2& FHAHo AA AL ol dolHE FH53o WMIAFE HYIGgoR
AFesAch s sEAFY Watel Ayl 1 AAAE 7he] 4B o] &3t ¢
A7) aAAG 2dg AdASY gaAr|nFe] wuEFe dud] H@sn o A @389
o] Bas nlAdy EAZ 3 glo] UdWrAHQ S0 o3 THL A9 Eriwsic e 5
AYoHE ol 43 HA-FERAY o]&3ty FEEALE AARY. Fig. 3-2 nAAG A
e AHF3E dlolgE olfdd nRAIY wR-HARd FAHxot doly FHEFAZR
B glo] £ AFATE AojBAS o83t HAAte 2 A EF g Also W
o] ARE Jdrth dolB ARE PP 2XHo|2 o] &3t HAAG RdE HASdD NAYL
o] &3t TFAFE HA ARY Jd Zdg 7Aoo

oL

o

Ak

2 N S

Source_Signals and Analvized Signals

0.9 0.0
s S
-0.95 -0.95
0.9 A 0.01
091} .
as AR U VA 0
002 | P
DoF 1 " oo |
091t
ilg‘ 0.92 °
- 1 -001}
0.8 0.01
a3 0
-D.92 0.01
00| 0.02
0
il:! -0.92
-0.02
0.04
0.9 0.02
al . 0
0.92 002

-0.94

. 1 -0.04 . .
1000 2000 3000 4000 1000 2000 3000 4000

Fig. 3-1 Source Signals and Analyzed Signals
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Fig. 3-2 Neuro-Fuzzy Diagnosis Model
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Fig 3-3 Structure of bearing
Table 3-1) Defected Frequency

Impact Rates(Hz) Formulae
d: Ball Dia
7,(System Resonance rates) £,=04 oZo f, D: Pitch Dia
7 d o Contact angle
f,(Inner Race Defect) == f(1+-5cos a
! /i 2 fol D ) £, Relative rps
f.(Outer Race Defect) f.= Z f(1— —d- cos a) between inner &
2 outer races
2
f»(Ball Defect) COS a
b Dg )
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Fig 4-1. Elements of rolling mill’s bearing
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Fig 4-2  Structure of diagnosis systems

Table 4-1 Sampling Times and Groups
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Saripling

Groups Measuring time Acquisition During Samples
frequency
1 -0l @ 56 4kHz lsec 4000
2 -01 : 49 4kHz Isec 4000
3 ~01 @ 14 4kHz Isec 4000
4 -00 : 08 4kHz Isec 4000
5 00 : 00 4kHz Isec 4000

Table 4-2 Defected Frequency

Impact Rates(Hz) Formulae Frequency
f,(System Resonance rates) f,=0.4 oZo f, 326,652,978,1304,1630
f.(nner Race Defect) = § 1+ g cos @) 439, 878 1319, 1754,

4 d
_(Outer Race Defect) =2 f(1- )
flOuter Race Defec = g Sl peosa) s e 1195.1500,1875

) fooZ d2 2

fp(Ball Defect) = 9 f,(1— ? cos “ o ) 151,302,453,604,755,906

2 Q7oA Fig 4-1 % B4 a7 Woige) Pxel g welde nd Fasre
Table 4-2%} Zol #AtEn. 4% Feloigste 2¥EYR BEA3H oL Fig
4-34-49 o] yEdg. HAAH Fa4 EYL Table 4-28 FZsd f,9 247 3
Al e A Fig 4-4% f, f, fot BEH o Yehd g ¢ £ U

Fig 4-3. Frequency spectrum in normal state
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Fig 4-4. Frequency spectrum in abnormal state
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Fig 4-6 Reasoning result of proposed Diagnosis model
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