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Table 1 Parameters of simulation signals
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Fig.1 Time-domain simulation signal waveform

of inner ring fault in rolling bearing
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Fig.2 Spectrum envelope of simulation signal of
inner ring fault in rolling bearing
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Fig.3 Spectrum envelope of simulation signal of inner
ring fault in rolling bearing after EEMD noise reduction
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Fig.4 PPCA and 1.5-dimensional energy spectrum of simulation
signal of inner ring fault in rolling bearing

% {5 T A S HE AT o A, NT R S Y
EEMD G235 b | n] 42 Ui AR A5 3 (130 Hz) 2
fEE41(260 Hz) |3 fi591(390 Haz) fELJE 5B G550 K
SRE S AT AT L (566 Hz 759 Hz B4 REMER
WS AR AR R ) o BE TR I 5h 0 LA 5 AT
PCCA , 38 13 32 Lo B2t 7 P A & i e Ak i 5
BXF FE MG BT 1.5 dERE B %0 b, K 4
AU Y S el P Bl s 1 32 B o1 IR 1 4k 58
H MRS AG B0 A R e B A S B R S A
A,
2.2 Case Western Reserve KRBl A& SLIG £ IE
ST

R T BAIEAR S5 X0 Bl AR A G 2 W B K
P K E Case Western Reserve K27 TR sl 7k
SLIEE VR shil R LSk JEMSKF6023 -2RSH

MR SHNFR 2 PR o SRR R VR B R 3 1 O F
KAEIN T B BELAR 258 0.177 8 mm ,0.355 6 mm .
0.533 4 mm WML, HEHEFERMAY 0.177 8 mm E
T ML B a7 T, SRRSO 12 kHz, Bl
BB R 1730 v/ min, Bl 7R 0 45 A R AR AIE A0 56 40
3 s,

*2 EMESE

Table 2 Parameters of rolling bearing
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Table 3 Fault characteristic frequency of rolling bearing
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Fig.5 Time-domain waveform of rolling bearing fault signal
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Fig.6 Spectrum envelope of rolling bearing fault signal
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Fig.7 EEMD spectrum envelope of rolling bearing fault signal
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Fig.8 PPCA and 1.5-dimensional energy spectrum
of rolling bearing fault signal
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Fig.9 PPCA and 1.5-dimensional spectrum

of rolling bearing fault signal
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Table 4 Parameters of rolling bearing
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Fig.10 Time-domain waveform of inner ring fault signal
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Fig.11 EEMD envelope spectral and partial
enlarged drawing of inner ring fault signal
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Fig.12 PPCA and 1.5-dimensional energy spectrum and
partial enlarged drawing of inner ring fault signal
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Quantitative detection of SO, produced by SF, decomposition based on

ultraviolet fluorescence method
ZHANG Xiaoxing' ,ZHOU Hong',CUI Zhaolun',LI Yalong',LI Xin®
(1. School of Electrical Engineering, Wuhan University, Wuhan 430072

2. State Grid Hunan Electric Power Maintenance Company , Changsha 410007 )
Abstract ; According to the spectral absorption characteristics and fluorescence characteristics of SO, , an ultraviolet
fluorescence detection system is designed. The relationship between the low concentration of SO, and its fluorescence
intensity is studied. The influences of temperature and pressure on detected signal are researched. Results show that
the relationship between the concentration of SO, and its fluorescence intensity is linear for SO, with low concentra-
tion , the linearity is 0.996 7 and the detection limit is 1.109 4x10~° with signal to noise ratio of 1 dB. In addition , the
background signals are not affected by changes of temperature and pressure , while the SO, fluorescence signals show
a strong growth trend with the increase of temperature and pressure ,which provides a basis for further optimization of
the system.

Key words : SF¢ ; SO, ; concentration ; fluorescence intensity ; temperature ; pressure
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Fault diagnosis of rolling bearing based on PPCA and 1.5-dimensional energy spectrum
WAN Shuting,ZHANG Xiong,NAN Bing,ZHANG Lijia
(Department of Mechanical Engineering, North China Electric Power University , Baoding 071003, China)
Abstract ; Aiming at the problem that the nonlinear and non-stationary fault characteristics extraction of the rolling
bearing under the strong background noise, the fault diagnosis method is proposed by the combination of PPCA
( Probabilistic Principal Component Analysis) and 1.5-dimensional Teager energy spectrum. Firstly, the PPCA of
signal is carried out to reduce the dimension of signal ,then the signal is reconstructed and its principal fault charac-
teristic component is constructed, and the strong background noise is removed. Then the 1.5-dimensional energy
spectrum of the reconstructed signal is analyzed to obtain the characteristic spectrum information of the bearing fault.
The proposed method is adopted to analyze the simulative and experimental data of rolling bearing, the results show
that compared with EEMD ( Ensemble Empirical Mode Decomposition) spectrum envelope , the method combining the
PPCA with 1.5-dimensional energy spectrum has certain advantages in high-order frequency extraction of rolling
bearing fault.
Key words :rolling bearing ; probabilistic principal component analysis;1.5-dimensional energy spectrum ;fault diag-

nosis



