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Fault Diagnosis on Rotating Machinery Based on Fuzzy C-means Clustering
and Rough Set Theory

LI Ru-giang, CHEN Jin, WU Xing
( The State Key Laboratory of Vibration, Shock & Noise, Shanghai Jiaotong University, Shanghai 200030, China)

Abstract; A diagnostic method on rotating machinery based on fuzzy C-means clustering and rough set theory is
proposed in this paper, which includes two processes: one is rough-set-technique-based diagnostic rules requisition
and the other is diagnosis of new objects based on the rules obtained. The diagnostic rule requisition process takes in-
to account the duplicated and conflicting objects in decision table and makes the rules obtained covering all the leamn-
ing objects, and obtains corresponding rules strength. In the diagnostic process, the significance of condition attrib-
utes of rules, the matching degree of condition attributes of objects with diagnostic rules, the strength of those rules
and the conclusion threshold is considered to give diagnosis conclusion and belief degree of conclusion. So the conclu-
sion based on the proposed method is objective. In the end of this paper, this method is employed to diagnose the
faults of rotating machinery and the result is proved to be effective.
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2 fHKE4& T2t ( Rough set theory)
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v(C,D) = card(Posc(D))/card(U) (1)
HA, Pos (D) R D # C IES, card( - ) RAREE
., 0<y(C,D) <1.
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3 £ Hr MM AY3KEL ( Diagnostic rules requi-

sition)
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4 ETHN AL LKA ( Fault pattern

matching based on rules)
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BREZWEISHE Th,0 < Th<1. 3HFR (1) F
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MM RFRAMRREEE o, b, .p, P I,m, 0
NEHGW a,b, -, p WANMEE, HNEREH
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5 R FSEHi( Application example)
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Tab.1 The selected eleven amplitude features

RERR 1 2 3 4 5 6

BEE 0~0.39X 0.40~0.49 X 0.5X 0.51 ~0.99 X 194 1.5X

RERRR 7 8 9 10 11

WEETHE 2X 3X 3-5X% 0ddX 5~10 X
F2 FIARFEWSHE(%)(Th=0.8)

Tab.2 Diagnostic classification level of leamning sample(% ) (Th =0. 8)

RAKE Z{:i MK E E¥ PSS ] MBS  BERE §2$§ Bk
2 15 70 32.00 42.00 100. 00 88. 00 76. 00 71.00
3 11 89 92. 00 98. 00 100. 00 97.00 98. 00 97.00
4 8 99 100. 00 100. 00 100. 00 98. 00 100. 00 99.33
5 7 102 98. 00 100. 00 * 98.00 99. 00 100. 00 99. 00
6 6 109 100. 00 100. 00 98. 00 98. 00 100. 00 99. 00
7 5 99 98. 00 98.00 100. 00 98. 00 100. 00 98. 67
8 4 91 98. 00 100. 00 98. 00 96. 00 96. 00 97.33
9 4 84 100. 00 98. 00 100. 00 96. 00 94. 00 97.33
10 4 93 98. 00 100. 00 100. 00 99.00 96. 00 98. 67
11 4 121 100. 00 100. 00 100. 00 99. 00 100. 00 99. 67
12 4 119 92.00 90. 00 98.00 91.00 96. 00 93.00
13 4 135 98. 00 100. 00 90. 00 99. 00 96. 00 97. 00
14 4 112 96. 00 98. 00 100. 00 97.00 98. 00 97.67
15 3 104 96. 00 98. 00 100. 00 97.00 96. 00 97.33

F2 AAFARLHETHELHERRERO0.8
R I RARZI MBS R TUEL, EAR
REYET, st E IR FIT R TRRFMGR
HAIRB HL BT LN S B S RARNE] (B R X e R 1
Xt 2 SRR A FEAT 40 2 SRR X B A U %o 2 2 R AR i
FTiLW , EARIF A BOR. X UL e
FHERA S B TREAR AR, AR T B AL X
WERPEA BTN, BRIE 3 MK 4 WEHER, K
P SW IS KRES SN 0.8 F 0. 7. T LAF W, 7
ZHENT, REBEBERS D (0 <3), X &/
HeHE R 12 W R E KT 60. 00%, B2 W RKT
65.00%. XA RF I HEAR, YREHBE K 4.5.6 f
11 B, WG REAR KRR R XA, LF
RK¥ A N3, ZWiREE. LR 3 MRS, TUF

H, BT LM RERRE, & 4 HESHRANT
I PRLLHR; YREHEBEHNI 0, K4 PHE
W LR3 B/ 7. 33% ; R B 12 7 B B A
PR EFRLERGLLLER 3 8L

FER2 P UELBEKRT 2 0, BARREHNL
BT ER , E X Eeis W L R R Ak 2 S R AR A I
B, B LU R A R AN RE ) (B SR
Y H R RER AN, A5 B2 BN R
PRES A, NTT BB BF R ARZAEES. R 3
M4 B, DLWRKRREBR T 2N AREZ L
fBA). LR E 2 134 ATLUE W, MWL AN 3
B4 B, % S BRI s R R R MRIE 4
R Rz LB . T AR M RS H R E A
NI REEA.
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F3 AXHEFISEHE(%) (Th=0.8)
Tab.3 Diagnostic classification level of test sample(% ) (Th =0. 8)

R REEE MF Th N

EABH E#® R Z: i WG  RREE ARV B - 581 1k
2 28.00 32.00 100. 00 86. 00 76.00 96 0 68. 00
3 90. 00 98. 00 100. 00 85. 00 86. 00 28 0 90. 67
4 92. 00 98. 00 98. 00 84. 00 84.00 30 0 90. 00
5 94. 00 94.00 82.00 81.00 . 80. 00 44 0 85.33
6 92. 00 90. 00 98. 00 87.00 64. 00 41 0 86.33
7 88.00 96. 00 88.00 86. 00 92.00 26 6 89.33
8 92.00 78.00 100. 00 74. 00 70. 00 56 0 81.33
9 98. 00 74.00 88. 00 76. 00 84.00 46 [ 82.67
10 92. 00 94. 00 80. 00 74.00 82.00 42 10 82.67
11 82.00 72.00 92.00 84.00 88. 00 49 0 83.67
12 74.00 94. 00 88. 00 72.00 80. 00 59 1 80. 00
13 74.00 96. 00 44. 00 66. 00 50.00 74 28 66. 00
14 80. 00 88. 00 92.00 66. 00 78.00 61 4 78.33
15 66. 00 74.00 76.00 57.00 72.00 86 13 67.00

F4 WAHFLHE(%)(Th=0.7)
Tab.4 Disgnostic classification level of test sample(% ) (Th =0.7)
, . . B R INF Th NI .

BAHH E# RE: ] WK  REEE AT B BB BEkiE
2 60. 00 32.00 100.0 88. 00 90. 00 71 0 76.33
3 94. 00 100. 0 100.0 97.00 100.0 6 0 98. 00
4 100.0 98. 00 98. 00 98. 00 90. 00 9 0 97.00
5 96.00 94.00 82.00 93.00 96. 00 23 0 92.33
6 92.00 90. 00 98. 00 87.00 70. 00 38 0 87.33
7 88.00 96. 00 88.00 89. 00 94, 00 22 6 90. 67
8 92.00 78.00 100.0 76.00 72.00 53 0 82.33
9 98. 00 74. 00 88. 00 78. 00 84.00 44 6 83.33
10 92. 00 94, 00 80. 00 77.00 84.00 38 10 84. 00
1 82.00 72.00 92.00 84. 00 88. 00 49 0 83.67
12 74. 00 94. 00 88. 00 74.00 88. 00 53 1 82.00
13 74. 00 96. 00 44.00 66. 00 56. 00 71 28 67.00
14 80.00 88. 00 92.00 66. 00 78.00 61 4 78.33
15 66. 00 74.00 76.00 60. 00 72.00 83 13 68. 00

6 #5it ( Conclusion) EEIC TR RS W 7 8. R I E B A
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