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Abstract

The gearbox is one key part of high speed rolling mill. Because it often
continuously works under scurviness conditions, the fault often occurs. So the fault
diagnosis of gearbox has important engineering applying worthness as it can reduce
the maintenance costs and improve the product quality. The work accomplished in this
thesis is as follows:

(1) Aiming at the rolling mill gearbox, the fault mode, characteristic frequency of
rolling bearing and gear are discussed, the mechanism of amplitude and frequency
modulation of vibration signal in gearbox is introduced. As an example, the
characteristic frequencies of a certain finishing mill in Shougang Group are
calculated.

(2) Considering the peculiarity of high speed rolling mill gearbox, the scheme of
on-line monitoring system is designed, and the reasonable location of vibration and
rotate speed measurement point are confirmed. The hardware of the monitoring
system are slected and the common fault feature extraction methods are also
presented.

(3) Aiming at the modulated signals in gearbox vibration, the demodulation
methods based on Hilbert transformation and energy operator are analysed, and their
validity are testified by simulate signals. The engineering signals of rolling bearing
spot erode and broken teeth are also analysed and the correct judgement are educed.

(4) Aiming at the nonstationary and strongnoise in gearbox vibration, the basic
theory of lifting wavelet is introduced, and the predictor and updater are designed. At
the end, the Hilbert transformation and energy operator demodulation methods are
combined with lifting wavelet to extract the fault feature of finingshing mill broken
teeth, and the result show its efficiency.

Keywords Fault Diagnosis; Hilbert Tfansformation; Energy Operator Demodulation;
Feature Extraction; High Speed Rolling Mill
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Figure 1-1 The gear with broken teeth in high speed rolling mill
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Figure2-3 The transmission schematic diagram of high speed finishing mill
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Figure2-9 The phase modulation by sigle frequency

MFERENESTE, ARG REEERM T ARG ARIERHE S
RMTREMBAKE BT TG KHAA A b T 50 0 s T B
H AR RHAERRESAERG P, SR ERRE R — R E S,
HESEAREM BB  AHI% R RIS BN S — R
T, WRKIERR SR REEME £, WHHNREERAT RSB,

24 FWEMAENEREMIFERE

RA BETIERERLUK, REREEM IR —, BEZ WE=
anf BN, BRI REKEL LGN, & EEA R AL KA
Bl BURHALER AL B SR SRR T 15%--30%, & Tt
fimik. HRZEHMENAINFR, BREEATRETR, NALEE
RRKHEOHI, FEYWT L. EERSNETLNL, ME8ENE
R, RERKMHGS . 2004 EFMELH ZE@EFLH. K. B
RN DR & BRI A 0L T i ROR 7= B B R L3R 2-1,

F2-1 ERBET BHL TR~ 8 Em
Table 2-1 The output influence by shutdown in ShouGang Group

FEht 2] X R BEEMRHTK
2004 | i 40 MR 7T¥ £ KF 600 i 7T
2005 | iE 28 AN/EF i 4 g KF 300 7o
Mt | I 68 4N/t 17 1F2M KF 900 5T

HIERLXNE = T R R D BRI LA F i R & A A A R &
B, BAEIAEHRRERNFR, HEREHNBMAES 750G 145
HARHGE ST,

18



828 RMHAUARG RS

H T M EELA LT S AR, DAENREEEFRHMENS
YOHTE, HHEEEMSEAE. B 2-10 AEREHE FEFLHARS
B, RATHE T%EF S DRHAANSE 10 REANK EZRFEME, WK 2-2

i
b
]
o \2-h ™
OoHEm Y
— BACICICITICTI I
AL et ! l I
] w8 & 4 ¥
A {
W | | A
S 53 T 7
CIiC I 1
I | l ]
L 9 Y 5 ¥ ;13

& 2-10 BME L SmE &M A )
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Figure3-1 The rotate speed measurement point of monitoring system
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Table3-2 The vibration measurement point of monitoring system

WS | PER | B | LRSS PLE R

1 MERE | m/s® | PCB601A61 | I3#GHAEHAG

2 MEE | m/is® | PCBG601A61 | I3#se4%H s

3 MEE | mis® | PCB6OIA6I | —EMELHL S#ERK T
4 MEKE | mis® | PCB601A61 | —EighLoL OMERIKT
5 MEE | mis® | PCB60IA61 | —LE5LAL 104K
6 MEE | m/s® | PCB60IA6l | —Lk/ &M

7 MERE | m/s® | PCB601A61 | —£kmt#41

8 IEE | m/s® | PCB60IA61 | ZERFEELML S#4EREAKF
9 MEE | mis® | PCB601A6I | LE¥sELHL o#EAIAKT
10 | MEE | ms® | PCB60IA6I | —£FS4LHL 10445k T
1 MEE | m/s® | PCB60IA61 | —E/EME

12 | MEE | mis® | PCB601A61 | —£knt#Hl

13 | MEE | ms® | PCB601A61 | ZLRE5LHL sS4 RIKT
14 | MEE | ms® | PCB601A6l | ZEMEELHL g4Ik T
15 MEFE | m/s® | PCB60IA6l | ZLXE4LML 1048 KT
16 | M#EE | ms® | PCB60IAG6I | =&HEM

17 | M#EE | ms’ | PCB601A61 | =£rE£H

18 | MEE | ms® | PCB601A61 | PULHREHLHL s#iifK T
19 | MEE | ms® | PCB601A6 | TULKEELHL omERE KT
20 | MEE | mis® | PCB60IA6I | PULEHEELAL 10#4EREKF
21 MEE | ms® | PCB60IA6 | MUZk4idss

22 | MEE | mis® | PCB60IAGI | MUZkmt4l
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Figure3-5 The vibration spectrum of gear with broken tooth
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