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Abstract: In order to improve the correction rate of fault diagnosis, one method of mechanical fault diagnosis based
on complex three-order cumulants was proposed. The complex forms with different definitions of three-order cumu-
lants included different coupling information of signals, which was used to diagnose fault. In the experiment on the
fault diagnosis of overflow valve, using the different coupling information, the features of fault signals and normal
signals were extracted by 2-D wavelet in different directions, and then they were input into support vector machine to
diagnose the fault. The experiment results show that this method can improve the correction rate of diagnosis. Fur-
thermore, the same experiment was performed on the real three-order cumulants, and the results verify the effective-
ness of the method proposed in this paper.
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FHEG, ZNEE BT RR S E 2 B8 A [a] 73 BE R B R EE T
XHE5 BRI = A3 A 740, CRBTEAR LT iAo
IR WME S IR T AT, N TRl 2 2% 2
—A A AR S S F B RS, T LUl A
ST NSRS W 8 A AR, (58 SRt RS0 SR o v
U IR ZEBOR . TR, B 28 I 28 AR T LA Syl e
Gy AR AT 12 KT

H T SEBR LR 50 5 5 A R AR
S, /N AR R BE A RHAN X RAE S, I H
A s Vi R 9 245 5 R AS RIS R, R — 4/ N
PATHAIE SR IR, PR HR IR R AR i A e/ — e S HF
[m] i/l (least square support vector machine, LSSVM)
HEA TS .

1 ETEH=MERENERIZEHTIE

1.1 ZMEHRSEEER
A {x (n) VN EIME k B FREBEHLS AR, W H =R
HIHE N
¢, (7,7,) = E{x(n)x(n +7)x(n+7, )}
FRHESCHR[10], Zx () N EEAES, FFHA TR E L.
ENX 1

¢, (1,,7,) = E{x(n)x(n+7)x(n+1,)} (1)
ENX 2

e, (7,,7,) = E{x"(mx(n+7)x(n+7,)} )
ENX 3

e, (7,,7,) = E{x"(mx(n+7)x"(n+7,)} (3)

K x"(n) R x () BB L, A SO R BUE S R
SEME UGS 54T Hilbert A8H015 5. SCHR[10]48H ,
$oeE 1 W, TR ORI IR kA T
2 MR A BIfE S H = B2EEN 0, IEX 2 1Y
Jr A =B B R S S A ISR S, ik
ESC 3y H = B SRR B 5 S R A 1
WfES, WA R ES.
1.2 ZHNEZSRESHE

TN PR 1 — /N R B 2 1 sk R
ARIRAR RN, Gk N pRE ST R E AR IR
IR 4 By RUEE j+ 1 B4 3 N5 )
UK T E LRI I = A 40

PR IE AR IEE N x NI, RIESH =
0, M UG A B T W I T Mo, TE55 7 ROy

i, /NI R BOE MR R (27 N) 2 AN LR (R
KT 27), M TFHEF j BRI EIRE, 5 45k
A PEEAOC, HIE W FRAE D PRS0 i R
E[lo-ll].
1.3 HIERE

2 PR I I BRI, BELE FLAZBH, S 5 i 5 35
PR, s O 5 BRI B S, S A
it A R, TGk TE R R AR . S T AR T AR FE
RS T BT T5 5, ASCH TR N E T
QR R, R S S i s e AR . 3 S AT DA
RS T ) T A R 0L

ASCRIF LabVIEW 3144 K PCI-6 014 %K
SERFN— NN AL B , HURCR AR U8 BRI 1E H A
TR T IR SE S. FEAER b, i i e )
M1 ~5MPa 535015890, RFEMIZE 250 Hz, 3EHL
Wi 125 Hz,, KA LI FRI ] 292 min. AR SE I 7E i U
) IE & T AR A RS 3 AR5 T 18 4336 41
B, A SRl AR A SO 1 536 .
1.4 EH=MREM=E

ARSI 1 e IE FR S A RS R 36 H%k
P, FeniR 3 Fhow SOy USRI B = 2
L AR S IR R PR A A RR A E R 1 B B
EREHITER, 2-127<(7,7,) <127, FAEE
4350 1 MPa.2 MPa 1 4 MPa I, 765 X 3 7=t
TR 2 PR =B SR EA S A 1
g, W 1 AE 2. K x.y ORISR, R
ANH—ALJE IRIER/N, YTCE. hiE 1 FME 2 o]
DVEH, SRS =B B S5 IEF RS,
WAL 5313 T A i 2
1.5 $FEREX

A SCAER BRI, SR B R AR B i As i —
M 2B A2 Mg, —RizBa kR, &
A LG RS S W S R R AR . TR
b T A5 R R A B SR S BB H = B R AR
s, /N AR REAT R IO LA A S, AR
SR FH 4 /N 4 i X 0 £ 81 ) A 2 50 1 S T
G A = BRI TR R, AR SO A 2
dbl /N s ST H AT, FEXT R A B T
AN RS TR 6 B 6 P4
FHAEHR LSSVM %t A 1) s P HUAS T I FE IR AR
FEASRIRBCN 4 x4 B Z4e80. A SCHERE 4
3 AT OKF 3 E L RHER) B s 4 5IiEr 7
THAESRI, ] 3 FE 4 3 rm i R e w4k 1) i A
Gy FEAR IS (ARSI xy Bl i 2R e i
J5 ) AR, 2 SRR BRI — b5 R REIE
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Fig.1 Complex three-order cumulants of definition 3 in normal state
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Fig.2 Complex three-order cumulants of definition 3 in fault state

(a) flH} 1 MPa (b) JHEN 2 MPa (¢) WHN 4 MPa
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Fig.3 Diagonal wavelet coefficients of complex three-order cumulants of definition 3 in normal state
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Fig.4 Diagonal wavelet coefficients of complex three-order cumulants of definition 3 in fault state
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Tab.1 Complex three-order cumulants’ features ex-
tracted in diagonal direction of definition 3

K& FAIE(E

0.2303, 0.3309, 0.0777, 0.6620, 0.4379, 0.5280,

0.0139, 03194, 03131, 03222, 0.3725, 0.3740,
0.3357, 0.0323, 03156, 0.0246, 0.2426, 04528,
0.268 1, 0.4695, 0.5328, 0.2329, 0.5135, 0.5177,-*

0.323 6, 0.3258, 0.3728, 0.6658, 0.4346, 0.029 8,

03191, 0.6284, 0.1832, 04721, 0.5733, 0.5671,
Bl
0.0350, 0.5306, 0.0156, 0.5230, 0.3644, 03464,

0.2572, 0.0669, 0.5265, 04311, 03144, 03231,

2 EWER

el

HUBE 2 WA 65 5 R £ 5 A BN B
Kords 3 AT, iAo SR 2 W R O
Z%. ZFEmEAHL (support vector machine, SVM) J& k1
P 2 A3 S I T B, R R R B — Rl 42
I R A F3 T, RN T 2 T AR,
EE R BSR4, LSSVM AT SVM 7
— P . LSSVM R AR/ N ekt R 458
VEJ ik i, 540 SVM R A, & B 24y,
ARG, R TS A B A SCHR B Sk
[12], &7 TAHFEAY LSSVM. 7EiIl%: LSSVM i, 43
SR IE FOR S FMBRAS GiAS N 1 F-1, i FIEH
B AT RE R SRR AGIRE R AR,
YIGRAT 3 B 1 R 0E H B R 5 5040 v B A
SFREAY 5 HERAE 10 41, SFArE S Y/ o
AL TN 2R, YIZR4s 5 BRI HZ S R pLaE
TR a0, FIFHVIZRIG i 285 TR R 26 415K
P AT, i 5 P, Herp R & 53

(a) WM 1 MPa

(b) %N 2 MPa

BRO21AH IR B 5 s, fe 3 JraUR, # IRy
TR AR A3 BT AR AR A AREAE ) A TR, O RS AT
BORASAA 2 4130 4 IRGIEER, IE#RIRE] 80%
LB, R TEFX L, K 3 FioRFI e X, 4
AR Ty ) 364 TR 4 U A B A s 481 45 SR 41
2, K 2 PIEFRORER I I RSRE. T
AT HE—20 0 AT, B S = B R T IR A
[ AL, 25 R W3R 2. [RIEH4 B ETIA =X, FEvh &
435120 1 MPa, 2 MPa £l 4 MPa B}, Bf 2 FlotRZS )52
=B R HES A E 1 4R TR 6 FIE
7, H g 5K 1 A 2 25R. K 6 FIE 7 FTLUE
L, SEECR BRI, SRR B R
RS 5 IE R RSB Z 0], FETG 6531 1) B % AR B
SRR AR L.
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Fig.5 Simulating result of fault diagnosis in diagonal direc-
tion of definition 3

R2 BHEXFRTEMERERY

Tab.2 Simulating error numbers in all kinds of definition

PR ARO[
HE i
(BEEES (A ki
K FH Rk

EX 1 8 7 7 5

EX 2 8 8 7 7

EX3 9 6 6 4
SE = R 9 7 8 6

(¢) MEH 4 MPa

6 EERSIH=MRERA=
Fig.6 Real three-order cumulants in normal state
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Fig.7 Real three-order cumulants in fault state
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BRAE BT WA, Br S 21 A0 1IE Rt R —
FE. ARSI SRR, 3 Mg O e R e
TEEIRBO 1 L, iR 22 WiiCR & B IS, (BAE
FEX 3 R, B2 5= 2R B S TS0
MENESHEE BT THRERENESER, I
HEEAAR 0 (R R T A TRAAE SR IR, A5 380 Ayl
BE WSO R f . RN 7 IR SR AR SCO7 325 /8 4
B, A-1< (7,7,) <2, B (6) >R REM 4
B AR ) = B BA R, U 16 4R, SRk
TR INDE AR BRSO R] , R X SR
FRIEAE , Heiiid ik b il B is W, pras g L anfal 8
B, NEIHRRT LIE $, 45 FORRAREAR Y, B, A
CH A -127< (7,,7,) <127 13 H =k BFfE,
T /N P4 A TRRIE R, b B TR A ]
A =B BRI W, U R R T
(o, W = BRE T 7, | 7 WS RN R
5T 5 SR AT, Wi 7, . o, B, 2
RORABHAEL, XM 7, | 7,76 80 AEATIT, ISRt
HEFRE . A SCHE TR G 2, PR /N
APRRIE SRR vk el A B, W5 T3 R oe 4
(45 515 8, DT ORS¢ Shy ik 8 190 0 15 2 W 3
. LB R IS R A8 AR 2 808 BE Sk

[12]. AR TR FISZEONGE X ) - BE SCHR 13189
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Fig.8 Simulating result of fault diagnosis of definition 3
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