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Abstract ; In view of practical problems for the difficulty of obtaining large number of fault samples in the
field of the intelligent fault diagnosis and problems of the real-time and so on for the need of a complete
retraining period in the new fault categories, the new incremental 2D principal component analysis
(I2DPCA) method of fault diagnoses is applied in the nonlinear cracked rotor system. Firstly,dynamics
equations of a horizontally supported nonlinear rotor system with transverse cracks are established to in-
vestigate vibration varying characteristics of the system with different crack depths and mass eccentrici-
ty. Secondly, vibration signals in the time domain are normalized to image samples, and low dimension
fault features with high discrimination are extracted by the I2DPCA algorithm. Based on the above treat-
ment, the k-nearest neighbor (KNN) classification algorithm is used to calculate the recognition rate.
The results of numerical simulations and related experiments show that the fault diagnosis method based
on the I2DPCA can effectively distinguish signals of different fault conditions in high rotating speed zone
and small samples situation,and provide a new detection strategy for the early diagnosis of cracked rotor

systems.
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Fig. 1 Schematic diagram of the cracked rotor model
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Fig.3 Vibration response curves of rotor system

with different crack depths

H T A CEH W TR R SR SRS W R
W2 A~ Re A5 AT R0 R AF A R 6] 4 80 B (1 5% 1 &
G EARIE SR, IR 1 R

M 18, YR2GEETT o S REIT
{E X —F b 2 A1 I A% 45 48 b 1 #B Bl %5 24 800 IR A
AN TR B 1 1S R G e Oy 25 AE R S0 AR A L
TC R BCRAS B A 3 AR A, 16 B8 B IS IR
AF Y L 2 gl e i LRk . Y5 (i AE R B
BT 2 B A 2 SR A A T B AIC . 2B
it F U0 s B, 2% BTG HR S s AR E #AnT DL Ok
T 22 G0 (0 AR AR DL . MR G AT b S, 52
1B T Y7 (B 78 AS [) 28 280 0% B 1 JE AR (R R AN AR
HARABEA /MR T X o R o W 84L&
FEOE S 80U K I, [F] — 48 b 18 16 AS [7) 72 B2 19 24 80l
B TR A5 B AIG J [X B g 3 XY AT X 40 R il A5G
X R I U R X BRI BT S S T
X,

1 BEERARYGRENETREWESHTESH
Tab.1 Fault characteristic parameters of rotor system with different crack depths
Rotating Crack Peak Mean . Peak2- . Skew- Clearance Shape Impulse Crest Kurtosis
square Variance Kurtosis
speed depth value value Peak ness factor  factor  factor  factor  factor
0 0. 740 0.710 0.0005 0.061 0. 255 0. 358 1.043 1. 000 1.043 1.043 1. 004
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3. 20 /6 0. 837 0.708 0.008 0.253 0. 280 0.376 1.183 1.008 1.178 1.169 1. 061
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Fig.4 Vibration response curves of rotor system

with different unbalanced phase angles
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Tab.2 Fault characteristic parameters of rotor system with different unbalanced phase angles
Mean

Rotating Unbalanced = Peak . Peak2- . Skew- Clearance Shape Impulse Crest Kurtosis
speed  phase angle  value S‘?;ize Variance Peak Kurtosis ness factor  factor  factor  factor  factor
0 0. 847 0.715 0. 005 0.242 0.279 0. 379 1. 185 1. 005 1. 182 1.176 1.038
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(p(:_i)inzlod) n/2 0. 840 0.711 0.008 0. 250 0. 283 0. 380 1. 180 1. 008 1.176 1.167 1. 060
b 0. 831 0.714 0. 007 0. 241 0. 285 0. 383 1.172 1. 007 1.168 1. 160 1. 055
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Tab.3 The effect of NPC and number of samples

on classification rate in fault database-A

Number of samples (X4)

NPC
250 500 750 1000 1500
1 0.654  0.667 0.678 0. 683 0.696
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