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Fault Source Identification of Complex Hydraulic System
with Small World Property

HUA Cheng', ZHANG Qing"?, XU Guanghua'?, YAN Duifeng', XIE Jun'
(1. School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049, China; 2. State Key Laboratory
for Manufacturing Systems Engineering, Xi'an Jiaotong University, Xi’an 710049, China)

Abstract: The fault source of the complex hydraulic system is difficult to identify due to the mul-
tiplicity, complex creating and strong concealment. A hierarchical analysis method of identifying
the fault source based on the small world network is presented, where the system network is di-
vided into multiple-community construction and then the fault source is searched in a specified
community. A network topological structure of complex hydraulic system is constructed and its
community center nodes are obtained by selecting the network nodes with larger betweenness and
degree. And the Wu-Huberman algorithm is improved to partition the system topological struc-
ture into multiple-community construction. According to the change of hydraulic parameters in
the hydraulic tubes represented by the connection edges between communities, the community
containing the fault source node is determined. The community is further extracted from the sys-
tem network and its reachable matrix is also evaluated. The fault source is finally identified by
means of the reachable matrix. The analysis on lifting fault of hydraulic system of steel rolling
furnace and the location of the fault source verifies the method is available for identifying the fault
source of the complex hydraulic system.
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SORBUER G R B S ooE ot Ao A R B RAR LS S) A P4 &

Wk HY:2009-12-15.  fEE A AW AQ972—) B A ok tE (R O W B 8z AR IR. BHeTH . BR
R E AR & SRR g Bh I H (2007 AA047432).



80 [ S R NI S S 44k
G TR AR — A ARG Ao i A [ A >,
SIS MR AE AT 55 » IR R B8 N TR 45 D0 /R Z T B=>) % (3)

AP B R B R L A A T A
RO RGEE A PR 3 7 A R 3 A
(1) 5 PRI LPb e o P e P 3 » DT 3800 T SR AU R 4
PRy e e R PRI . £ 0 TR 28 4 B 2 W
FFEAE T AL By % 5 T AT AR AL D i N T4 B
JriE B O LA R A T T B R G AL A7
SV AR I R TR 8 PRI X A R 1 o X LA 4 2
WHERSG. AT, & 2% R G2 W15 M il
[0 NI T et R - o S Byl S| K=
A IR R B R B LRGSR tp ARG R
SRR G X 5 48 B fRT A TR AR 1) S 2R RO L A
KR SR AL

JINTHE AL R 245 2 A2 e IR 45 v kg — T 3% I 4% A R
B TE I RGBT, KERRTIE R, s
R I 45 B ELAT /N FEPET SR BN 48 H A A
SR AT A 254 T PR AT R R B A A 2
Vi) (4 I 2 DUV 8. Ay Ih o AR SR FH /DN 55 1 245 B ATF
98T B IR R GE R R A A R A TR 2R
R GE R M FNEE Y SRR IO G R 455 A5
DA TRT ) ELAT R 14 A ORI 3 B0 1 A5 kg TR 46 vl e
R4 A rpoes i i 2 Wo-Huberman 53358
bR SR I B R N AR AW i B B

1 2RI RIS

1.1 EZMEHSHEITEE
(1) P22 AR B AR T 2% Hh s a5
R, HRAUN
B 1 .
L_E:jﬁiﬂmm

<i.j<n

Ao HEEH ;D Fon 2 AAHGE AT A 4L [BIAY
BEES L B 2 AN 05 2 (Rl B i AR R H .

(2) BERERBURAT AR IR KR RBREN
FRIES4L, HFRER 0N

S
C:%;bmin

Ak Fm i WEEGERIHEO ;1 Form @ IR
Y 2 AR L

(3) 1A E B J2 M2 h ikl S i ie z 48
T w BB AT DL Y S R B . 12 G
DZBIEEBARNESN S LT « H—1bfE
FIAFOE SR

(D

(2)

K0 Fon it u By IKAR.
1.2 /SR LERE

INTHE B 0 2 2 0 2% I 4 AR e g — i i AR AR
i Watts Fl Strogatz® T 1998 4E42 . /N AL 2%
A TR0 P 28 11 it AL I 28 22 ], 2 DL — o 1) B 3258
Ik AL E BT i L Ao o S IR U] X 4% o) /N R X 45 1)
T, i RS e I D Ge iR DN R i LA e R
ZREPE R S AR T B AL IR B A 9K OF- 35 AR
f L HRIEFEAL. N FE A T A Z W), B
REYEERE R BT B8R B 483X 2 D Geit itk
BRI TR It AR R A 4% N 4%
MIGETHRRE , AR — > 5 % 2% 2 75 Ja T/ v 3t
2%

2 BRI BRI A

A FEL P AF 2 S5 B R 114 12 15 AF 5 v e R
AN 285 B 45 A Xk i s i ) 4 A A £
FH T HAS TR B I 5800 G A A U AN ] 3 &R
G LR IO MLAL S O B R 19 2% 1% 1 1 3
PRI . SCA A B s RS . 3l 0 i A5 188 e ad i
TP I 2 A R ) D R AL B PR T on
BT By 3K R L B A B Y A
Bt A T3 O e 28 3R B AT DL .
FR G A 1 5 v TR 2 B B B A TR 7 T
SBEAT A BB AN 2 5 EO A A ER 0 I
RIVAS HH BUAH AR - 28 2 r 08 Al i Pl LA A% 33 ik
B (ELAN 25 b A A e o DA I 2R 96 1 Bk e el
— U — A R,

Xt TR IR R G AR BRI B —  [H SR
B 2 IUHRHA/IMIE SRR 9 S 240 AR
G, Hl PRt Rl B TR BE R 2 8 T HA I 25 45 4.
SCHRE6 18R T HAT /NI 5 52 2 R GE 0 e e S A 47
BIOEAY 2 2R 8 Py A5 B R 25 3R]+
VTP BRI AR08 A 22 B e, R ) 30 o A AT 22 )
G B ALY TR R AR A L. Rt AR SO R
58 00 2 235 R RS AR v B 5 I8 2R 5 5 9 DR 1) R 4
DA et DAL Y 28 8 Y I 28 PR A s A A . (D 22
W25 T A S o TR S o A 52 S A ol 1 2%
T R M TG ICHE T IR N 2T OF 2
IO Z AR BB AR 1 OC 2 MIAE X 2 A nfERs
JL A L Z T T — A 4. AR S E RN M

http: / www. jdxb. cn



55 739 B S B /N SRR B 52 2 R R SRR IR RO Ik 81

WK G=(V.E),V BT HESR.E NI
B N T XA M B A TR, AR
A X BRI AT RN o A FITER a,; FE RN
L0 PN PR Nz T A I
Y 1 N7 2] AL R

I A AT ) 4% AR R () 0 F I 45 R g AT ST
A3 I LA 2 12 X 2 AR 2 1 ELA /N RURE
2 AR C>C L=L, Hh C (L, 5/ R
D8] 245 EL A R )1 0 501D BEATL I 285 P B 1 R ORI 34
AR, C.oc K/n,L,oc K/Inn, K NMZE A Y
ROV AR B 05k

AN 5 ) 28 &35 Ay 1) R 1 rbnT AR 3 o D 286 Xof
BEAIL B ELAT o B e, T T & B el B
A e FE AR S5 3 2 B YR T 45 4 A5 RE A A IR
o). PRI, TR I 24 45 48 v A G 55 5 R TR
TP A VE . a5 SR s TE N4 R 5
32 B AT AL B 8L FE 2 A S5 0 rh R 3R
FERA rpt”. FER AR R G — A TR
SO B, U T SR TR XY
e o B AR A 22, A2 1) LAt o 1 e B o 14 5
i) JLAR R A, [FIB B B e AR e Je R A2 i) (14418
BRI T 921 A A BR8P e B A AL R e AR
SetabiZoolE. BT B0 B AR R L D
TEFEFEHE A A 2 R — 4 X P ) 2 A5 A
A o g 47 st o 20308 o 1 4 255 s PRI I AT AR B R A
BOkZE A e AL G LAY

3 BARWRE R G R R 5

AR SCEE G S 2 M2 RS BRI $2 T —Ff
H T/ IV B AT ) e B o k. PR 1 T
7B SE A TN S 2% SRR M A T R I 5 4
AP 23 HCUE o 0 G 0 1O I B TR R B S
K AR AR A AT P M) P Ak AT AR ]
AL 38 14 5 28 HEA 7 Rl v e o £
mm R

HH 1 AL E T
BT /I H 5 2R i o278 T
3.1 BHMEFREFENE RS S T E
AT AT LT S RE ROR A BOHE A ok 2545 1
5E » HOTWR AT R GEM 2835 A0 I AR B/ IMK
IEH R A8 —A 81 e U ) R A5

Azl AN

B FNEERF RAE 8026 » U HON K E /)
HEZ (4 A [R) B 5 s A — A 41 R B R IR AE 2
A JE T 5 B0 SRy SR B A A e, I A A A
R 30) 53 T3 0 B AL AT O A P BSCHE R 28 4 b
G o3 L AFEAL AR O R 0 s oo ARAE
/211 Wi I RTINS s =i i AT £ S A A N ]

SEEZ At R 53
BT /N FUREPE B A A 254 ) o3 T k3 ok ek
Wu-Huberman 230 3 sz 31, Wu-Huberman &1
A DLSE AR O A BSOS G0 T 1Y 48 224 2549 1)
A3k TN T At AV BORD A [T rhocs 1 s AR 2 60 R 47 Ol
T B o A R0 43 RN 3 T AR A A AT 5 R
GO A AR A A G R BR A L DR 4 S el gk 350k 5
By : O BEHLAH R 25 h BE B A /N T 2 1915 5 m
XT3 @245 ke UBEALHHEAS BB 2 A9 85 5 4
LA Uy = 1.U, = 0, 35 W 45 th HAh 4415 s i 9)
GHEE U, =U,.U; ..U, =0.U, NFET&E.U,
REAT R QM Us FHIG Ml T 20 A YA
U, = % S U, = %ZUja,, 5

(. pEE e
A i FEM a; =1, B0 a; =0; Q2R EE L IR
(O P e T PO OHG BEE o 0 45 19 i F L 422 Y
G, I LATE L R W5 21 A (0 45 1) F e i 2 (O,
2);@Y k<k+1, BEEZLEO~D, [ LIS 2] m
OGN ER AL HOLIS e Rk & EanEil ]
RO AEB L ATO R o RS E T 8L IR m A
FEREZ B e 1 4S5 o EIZ R R 2 B i
BAY, L IEBIATUATE 50% . 0507 Y, B9 25 AT AN
{n/(2D (1 —50%)) . n/((20) (1+50%)) } H 35 1]
PRS- R 25 (A R — X AH 20 A i
RS B 3 AN X3 A o B P TE) DX 3R P 4 A
VER—0F s QFEELIRO - m A EIEREA] LIS 3]
m ML v R @I 48 4515 BTE m
AMLE o, BREH IR B IERIE RN 5 o AHOC R HE
Fpi-Vi€n RN NI E P, = [Pi] » Diyo ot
pi s OMKAZ L TR ~ @D SRASH A 075 55 Y
AHICAE 2 ) 12, 21 BUAH A SR AE B P=[ Py, Py s -o-,
P, " RS [ £ v R K Y ST 2R I 8 R [ —
A4 R
3.2 #HERNBERNEML
T S A5 R B R0 43 A I 2 5 R R O I
AL AT S 20 0 A5 A AT 1) R 3 0 40 5 R BB AR
S E B VR T A0 AT AL e R A R S5 L 0k —
A0 IR B30 5 o B 5L+ (D 4 Bl B3 58 7

http: / www. jdxb. cn



82 [T 7 . ]

5 44 &

LeRUE S

K&

i

A Al A L A L
00 0.1 02 03|04 S5 06 07 08 09 1.0
ke iRt UV

K2 LT Rl R IR

(At A5 A i AL i A 0 ] G = (VL EDLV,
AN ARG E RIS s OX T G

HI A, #2551 Warshall B3k A, (9] 3A%5FE P

QFIX K FE P* =PRPT, 1T LR T G, Al
XA ) 5 2 30 €] 5 (D45 45 5 1 BT it 2 O — A
U ZRGEAT 1o [T AT ] A AT AR T5 @ X T4 16
A+ AR BT A ) 12 136 5C 2R MU HE BRI s v g
IR BT R A

4 =B

WEZR G N T 58 U E DI RE T i T, anf&l
3 B HIHBUE RS R R A ml i g
(2 i A BB T A R BT RTEE TR R
IBAPTEER SN E 52 B 1 R A D IR A i A
o L TR B ph R TR0 36 58 B BTE A AR
R AL 5E I

2006 4 5 AP pE R EAE It TOURS 2 A
W 3 B R T R A | P A AR T I R A
AR » AT EE B M) 1 2Rk, DRI, A SOl i >R
A S (4 30 S AN 3 FH DA B4R 8 1) T SR i

62 60 58 ITHIEL T%{M[
59
63 6 109, o 107
r 1
: 1071} 10 I
:..10777 == | 102 103 :
7214 : e § a0
| L 00-101i
| T eml==68 |
o8 e el
L = 1
7877%77371
o] )
75-76 |—— 7
- 92-94
.

= . C
15« 32 16%

) H-12{¢5%] 13-144 -
3 4 12 80
79 } 1 T 1
5p9  8§6p10 83¥82 g4

1~110. R TTAFAIGR 9 285 ) 35

B, h B SR LT Tl PR G T
PR 05 1 ~79 F T M4 4R P A5, WA 4
FTR.
4.1 PMEFEEEIESHEASHOHHE

WA E, ZBREREMN G EAE L =
4.757 6,C=0.108 7,L,=4.559 0,C,=0. 033 0. H
FL>L,, C>>C,, NIz W 4B R 2 A /i 7
FRPE.

P15 43 il 3R T I 48 715 500 JBE 0 A ALY BT
A7 BEE EAE 95 26 T SANE 9 VR RIS oG
TR T A B R INHE R SRR T 9 N5 A
JFEh 64 ,74.17,19,40,43,71,21 .26 #535 55 %k
A R/INHERE S SR BT 9 A0 S5 74,17, 19,
40,1.2.43.51.64, i@ 1d LB L BT 5 0 17,1940,
43.51.64.74 (95 SR ELTE LA B 2 AR,
TR 55k FR G I 24 25 0 1) 45 AL L Ao, R
AL SN A AW i At i
4.2 XIHHtHLEH

MRPEAE A AT R 3. 1 TR R R G M
ZREERAN 5 R T AL AL ) e e i i .
T R RIN A - THMET A L FE O R i
THIET A T 5 9 i 3t %8 D) AH 56, SRy R R
TFU TR A 4 1A 22 R 85 0 i e i GEE R R
Sk FE T I PR30 i e AR A o 38 X B I A RN
Aok P 14 7 2 SR A 3 R DT T A AL AR R
F A 2 B A e(17,40) ,e(19,40) ,e(21,31) e
(26,33),e(40,43) .e(45,51) e (45, 71) %t Ioj A I
AR 0.217.217.0.217.,217.0 L/min, M £ T
VEWT Y 3 B 40 93 Sk 217,217.0,0,434,434,0 L/
min. XA BL AR T OV VL V& R
TR ARV R A% 32 1 2 O O R H At A T o
[BR Y anci
4.3 HWLAERETERIBEER

BGEA R mA mE G PP P =
L0 ] izt A 2540 To A ) el o PRt 22t 11 1) A 1) [T D
A T PR S I A el P T BT A AL
A A, OE 5 1B W TAERF AT e & B0, 35 5
17.21.31 TEIEH TAERT A9 EL R 217.0.0 L/min,
TR T T 2 43 31 8 0,217,217 L/min, [
U 5 T A5 17,21 31, 11 45 17,31 A7 45
21 (AT IR A PR 2 AR AR A 21 L A
A 21 FrROR AL B AR IR R B, B T
FE I B4 ] R 10 52 1) S 4 46 o) I AT [ 81 8
A7 BRI BT I A 21 % 1 ] 3 2 3

http: / www. jdxb. cn



55 739 B S B /N SRR B 52 2 R R SRR IR RO Ik 83

1~79: 4% A

P4 mdr BT BUR R R e 19 2 A ]

8
.l o M A
oL
5 s
|
=y 4
5k
Sk
l 1 d 1
0 20 40 60 80
WEFS
(a) R4 i BERO A 8
25001 P
o FHH A [
2000
& 15001
<
f;woo-
500["
0 20 40 60 80
HEFS
(b) 45 A s A

KIS W FR G 2% RS i RO A 3 A
i DECRZ MR 1T GRL A b T

5 45 i

ARSCER B B /NI SR B A2 U R G
RIS R ARG ML R 2 R R AR
AT BT o AT LS SR el ) A 4. A SCR A 1 SR 2
BOER G TN 518 i et Wu-Huber-
man S5 S T2 0 £ A A S5 R Y Rl 43 R A%
VA 42 00 00 IO ) B VB T 2 ) 728 A R o B
WA B A AT SR SR A AT A g s 58 1) 5 A5 12

AR RRTY . 80 AL SO P T AR 4 LTk
B B e T B 25 VR AT IR 8 28 4 I 4% 1) 45 4
YREALF RT3 55 28 B S 0% 2R 9 M0 Y8 A 1
SE  NTITRD T B R AT L ke T BN e 4
A7 A A AL A 2 AR

SE LK

(1] JEhk £ 5, T3, R R G RR 2 Wi R i
FIIR L R R [T, B TR, 2006,42(9) ;6
-13.
ZHOU Rusheng, JIAO Zongxia, WANG Shaoping.
Current research and development trend on fault diag-
nosis of hydraulic systems [J]. Chinese Journal of Me-
chanical Engineering, 2006,42(9) :6-13.

[2] ok B RGUEFEE RS W BT [D]. f
TR T RAATHRALR . 2004

[3] FAEM, ML MHE. LTIt N E R R
ez [T, AP RIS RS, 2004,10(2) 1132
-136.
WANG Huawei, ZHOU Jinglun, HE Zuyu. Fault di-
agnosis of complex system based on Bayesian networks
[J]. Computer Integrated Manufacturing Systems,
2004,10(2) :132-136.

(4] Bhoging B, BRER. 42 3 Ge bl b i o i PR vk i
S5 (D] SN & 545, 2003,11(10): 763~
766.
ZHONG Jiaming, ZHU Geng, WEI Zhen. Design and
study on an algorithm detecting control systems faults
with graph theory [ ]J]. Computer Measurement &
Control, 2003,11(10):763-766.

[5] CRUCITTIP, LATORA V, MARCHIORI M. Model

http: / www. jdxb. cn



84 [ S R NI S S 44k
for cascading failures in complex networks [ J]. Physi- DING Ming, HAN Pingping. Small-world topological
cal Review E, 2004,69(4) :1-4. model based vulnerability assessment to large-scale

(6] ZER.GER.HEH.Z ET/MIEAMENEIRRZS power grid [ ] . Proceedings of Chinese Society for
WAL R A [T, PEL2Cl R4k, 2007,41(3) Electrical Engineering, 2005,25(25):118-122.
334-338. [8] WATTSD]J, STRONGATZ S H. Collective dynamics
LI Guo, GAO Jianmin, GAO Zhiyong, et al. Failure of “small-world” networks [ J]. Nature, 1998, 393
propagation model of complex system based on small (4) :440-442.
world net [J]. Journal of Xi'an Jiaotong University., [9] WUF, HUBERMAN B A. Finding communities in
2007,41(3); 334-338. linear time: a physics approach [ ]J]. European Physical

(7] THH wlP P T /N 3R IS 114 D 28 v, o0 g 555 Journal B, 2004(38):331-338.

PP [T, A E ML T AR 2R . 2005,25(25):118-
122.

(U B oM

http: / www. jdxb. cn



