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Abstract

The accurate diagnosis of fault conditions of steam rotor when faults occur in rotor has been the
research focus in the field of engineering. To solve this problem, this study proposes a multiple
fault diagnosis method for steam rotor based on the improved Hu invariant moments and SVM.
First, 4 kinds of common faults’ Shaft orbits are synthesized by simulation in this method, and ex-
tract features by the improved Hu invariant moments, then, the Hu invariant moment values will
input to the directed acyclic graph SVM as feature vectors to recognize and classify, and ultimately
achieve the multiple fault diagnosis of rotor. The experimental results show that this method can
accurately complete rotor multiple fault diagnosis. Meanwhile, to compared with the original Hu
invariant moments, it is proved that the improved Hu invariant moments are better than the orig-
inal Hu invariant moments in the recognition accuracy.
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Figure 1. Partial shaft orbits of rotor in 4 kinds of faults
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Figure 2. Binary image
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Table 1. Invariant moments of partial shaft orbits

F 1 BB RO RGBS R REE

ABEERE TR M M, M; M, Ms Ms M;

1.6202 4.2818 14.2465 17.1846 32.916 19.3397 34.4867

ANl 1.7468 5.2937 11.5644 14.7799 28.8237 18.7685 28.0483
1.3895 3.3068 9.2929 10.3554 20.1870 12.0517 22.2927

1.0859 3.7157 4.7174 6.0145 11.4204 8.0527 12.6645

AN 1.1247 2.8903 7.7544 8.8657 17.3999 10.6454 17.6846
1.3953 4.4591 5.4479 8.0395 17.0557 11.7184 14.7885

1.5007 3.7670 9.9072 10.2794 20.4015 12.1633 21.8133

TR IR Bl 1.7454 5.6567 11.0450 11.6349 23.8810 14.5160 23.0639
1.5499 4.0513 7.8675 9.2978 17.9787 11.4689 18.7427

0.6605 2.7357 2.0269 4.7262 8.6229 7.0447 8.3207

Bl Al EE 0.6858 3.0582 2.0342 4.8086 8.3734 6.5889 8.9246
0.6660 2.8557 2.0417 5.2928 9.5399 7.1110 9.1481

Table 2. The improved invariant moments of partial shaft orbits
= 2. oL ER AT EE

AR TIRE M1 M2 M3 M4 M5 M6

1.8591 6.0720 8.8659 16.3368 9.7987 19.0991

R AN S 2.5204 6.1683 9.7736 17.7668 11.0649 19.3132
2.2942 5.7963 9.5431 19.6168 14.3932 17.2170

1.6684 1.2620 3.8535 8.6838 6.1371 6.4166

B At 1.8338 1.4156 2.6979 4.8127 41742 5.8603
2.3639 0.8823 4.4413 7.4967 5.7230 7.4068

0.9126 3.5690 5.3474 10.1872 6.4186 10.1196

R ) 1.0106 4.1557 4.8556 9.3834 5.4893 10.9338
0.8824 4.1693 5.4906 11.5889 7.0360 10.3619

1.4147 0.0454 2.7447 4.6600 4.4027 43577

B R 1.6866 0.0230 2.7513 4.2588 3.8459 4.8100
1.5235 0.0435 3.2946 5.5435 4.4468 5.1517
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Tk AT [ JEH B SVM, - Sk AN R s R ZRAE A B 28 (R S5 R UM ROK, #oX BB %
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At Hu AR — 70 R85 Rtk 3 PR

IR RIGIR U 2, BAIPNER BT miw 8. 1) ShifhlieE, 2) ¥ Axd, 3) JliE
s, 4) BEATE. LRI s, 2R Hu AZEEMSEE Hu AZFEAE AR R L A
ANEIH T E SVM BRI thb AT R 733, A5 B4R Ik 4 s

IRYEH 4 SRR EE Al R, 2ol Hu AARAEAE TR HERR 3 BB R A0 T A Hu AARRE. T R A 2
Bt Hu NSRS A7 17 JE3 B SVM AT BLRGE B -k Loz 7 SR v, i R AT B i %, S ik
TG Hu AR LB A5 (K520, IEM T2 VAR AT .

5. &
1) 78 BRI, Bk Hu AN G B S Hu 2850 B 2, B FL B Hu A28 B8 5 (et 2%
645 Y T e L5 S ) 2K 2 ) a2 Y
2) I SEI RN, FIHSGHE Hu ABHE SYM Mg &, i ERE T 303U 4 20 5 o 77 v 2

Table 3. Binary classification result

3. ZHIRHER

J5ih Hu R385 et Hu ARAs4E
TR AL A

RN TEHfR 5 HiRiEES GGRLL N E#A HiRTES

RS & BEHRERE 20 20 100% 20 20 100%
e Axtth & Bl AE 20 17 85% 20 19 95%
JREATH & BFHAEE 20 20 100% 20 20 100%
WA & AN 20 17 85% 20 19 95%
MBLRE) & AT 20 16 80% 20 20 100%
AN & FEAPE 20 19 95% 20 20 100%

Table 4. DAG SVM recognition results
4. AEFTHE SVM IRAIER

JR 4G Hu 3840 B Hu A6
{XEFN
GERILEZN EBR R =R GERILEZN IERIR TR
BRI EE 10 10 100% 10 10 100%
AN R 10 4 40% 10 9 90%
IR S 10 6 60% 10 9 90%
R ] 10 10 100% 10 10 90%
Bt 40 30 75% 40 38 95%
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