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Aero-engine rotor-stator rubbing positions diagnosis rule

acquisition based on-support vector machine

LI\Ai, CHEN Guos> YU Ming-yue

(College of Civil Aviation,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; The ddata mining technology based on support vector machine (SVM) was in-
troduced, \and aefo-engine rotor-stator rubbing positions diagnosis rule acquisition was pro-
posed based on SVM. Firstly, the rubbing experiment of 4 rubbing parts was simulated
based on aero-engine rotor tester with the casing, and a large number of experimental data
were obtained by using the strain test of 4 parts of the casing. A new approach was proposed
to extract knowledge rules from support vector clustering (SVC). Then SVC algorithm was
adopted to get the clustering distribution matrix of the sample data with chosen features.
Secondly, hyper-rectangle rules were constructed on the basis of the clustering distribution
matrix. In order to make the rules more concise and explainable, hyper-rectangle rules
should further simplified by using such means as rules merger, dimension reduction and in-
terval extension. Finally, using the data mining method based on SVM, aero-engine rotor-
stator rubbing positions diagnosis rules were extracted from a large number of rubbing posi-

tion experiment data, then explanation and validated accordingly. The recognition rates
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were more than 99%, showing that the method is corrective and effective, and embodies

great practical values.

Key words: rubbing rotor-stator; support vector machine; fault diagnosis;

rules extraction; knowledge acquisition
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Table 3 Recognition rate on different training sets-with different methods
ACT Ecoli Iris Glass Hepatitis Wine
SvC 0.8929 07581 0.98 05111 0. 8667 0.9375
C4.5 0.8857 0-8423 0. 96 0. 6589 0.8129 0.9382
BayesNet 0. 8571 0.8125 0. 9267 0.7477 0.8323 0.9888
x4\ _Iris H{iEE SVCHMIRWMLE R (€C=0.5,4=10)
Table 4 Results of Iris data set from SVC rule (C=0.5,¢=10)
SCHERE AN fises T [
A A
BEE PO sk
if 1 €[4.4,5.7] x€[2.9,4.4] x,€[1.2,1.9] x,€[0.1,0.5] then class 1 [0.91,0.97]
if v;€[5.2,6.9] x,€[2.3,3.4] x;€[3.5,5.0] a,€[1,1.8] then class 2 [0.76,0.94] 0. 95 0. 88
if 2, €[5.6,7.4] x,€[2.5,3.4] x3€[4.8,6.3] x,€[1.5,2.5] then class 3 [0.78,0.91]
Fz5 Iris HIFEE SVCHMMIRELE R (C=0.5,9=20)
Table 5 Results of Iris data set from SVC rule (C=0.5,¢=20)
4+ ¢ X7 S
A AL VAL e R
G ol Ik
if vy €[4.6,5.4] x,€[3.0,4.4] x;€[1.3,1.9] 2, €[0.1,0.6] then class 1 [0.91,1]
if vy €[5.4,7.0] x€[2.3,3.3] x€[3.7,4.9] x,€[1,1.7] then class 2 [0.78,0.97]
0.98 0. 85
if v,€[6.2,7.2] x€[2.7,3.4] x,€[4.8,5.3] x,€[1.5,2] then class 3 [0.31,0.82]

if 1 €[6.0,6.3] x,€[2.5.3.0] x3€[5.3,6.1]

1, €[2.1,2.5] then class 3

[0.2,1]
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Table 6 Results of Iris data set from SVC rule (C=0.1,¢=10)

SRR g uH

DA BEE MMk Sk
if v,€[4.6,5.5] 2,€[3.0,4.2] x,€[1.3.1.7] x,€[0.1,0.5] then class 1 [0.71,0.99]
if vy, €[5.4,6.9] x€[2.4,3.4] x3€[3.5,4.9] x,€[1.1.6] then class 2 [0.64,1] 0.97 0.83
if ;1 €[5.6,6.9] x€[2.5,3.4] x;€[4.8,6.0] x,€[1.5,2.5] then class 3 [0.68,1]

x®7T RAMEHER

Table 7 Rules combination results

HFREFN e 3 [l
BB L et e
HAE R PO P
if 2, €[4.6,5.4] 2,€[3.0,4.4] x3€[1.3,1.9] x,6[0.1,0:67 then class 1 [0.91,1.0]

if ©1€[5.4,7.0] x,€[2.3,3.3] #€[3.7,4:9]  x, €F1.1. 7 ) then class 2

if 1,€[6.0,7.2] x€[2.5,3.4] x,E[4.8,6. 1) x, €[1.5+2.5] then class.3

[0..8250. 97] 0.98 0.88

[0.78,0.97]

x8 MUAFER

Table 8 ' Rules reduction results

SCHG AN 1L

A
HIREA i U

if 2,<C0.6 then class’1 [0.91,1]

if z,€[1,1.6] then class 2 [0.8,0.97] 0.99

if x;2>4.8 then class 3 [0.78,0.97]
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Fig. 14 Experimental data feature profile
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Table 9 Recognition rate of rubbing position for 10 times samples

1 2 3 4 5 6 7 8 9 10 -5

LIRSS 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00

BN R AR IR 0.92 0.93 0.93 0. 95 0.92 0.92 0.96 0.92 0. 94 0.96 0.935
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Table 10 Rules reduction results
R JETE 0] YR E G E
if z, €[0.45,15.8495] a,€[—15.789,14.4552]
[1.00,1.00]
2 €[ —7.6973,13.4359] x,€[1.3080,17.8201] then class 1
i x,€[—30.7812,2.7875] x, €[ —21.4372,5.2064]
[1.00,1.00]
;€[ —75.4992,—54.849] x,€[—12.1510,6.14717 then class 2
if x; €[—7.3645,7.1107] 2, €1[29.6294,59.6560]
[1.00,1.00]
€[ —82.027,—65.8358] x, €[80.4158,93.0757] then class 3
if vy €[17.1285,28.989] a, €[ —27.4223,—4.9217]
[1.00,1.00]
23 €[ —42.0648,—12.0789] x,€[22.0242,35.3310] then class 4
R 11 MMAEE 10 55K F A 5lf B2 58408 51 2=
Table 11 Recognition rate of rubbing position after rule reduction for 10 times-samples
1 2 3 4 5 6 7 8 9 10 S8

B B TR 1.00 1. 00 1.00 1. 00 1.00

1. 00 1.°00 1. 00 1..00 1. 00 1. 00

30 U 0.99 0.98 0.99 1. 00 1. 00 1..00 0.99 0. 99 0.99 1.00  0.993
F 12 AFEAMNIE
Table 12 Rules after reduction
7 T AR MBS

if x5=7.697 3 then class 1 [1.00,1.00]

if x3<C—54. 849w, <{6.1471 then class 2 [1.00,1.00]

if 2,2=80.4158 then class 3 [1.00,1.00]

if 2/€[21.5173,35.5964 | then class 4 [1.00,1.00]

6 % %
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