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Abstract

Based on the analysis of the shortcomings of the traditional hydraulic equipment fault diagnosis
technology and signal processing signal processing methods in the field of marine hydraulic system
fault diagnosis, the feasibility and prospect of vibration analysis method in the field of marine hy-
draulic system fault diagnosis are discussed, the advantages of EMD in dealing with non-stationary
signals are analyzed. On the basis of EMD and RBF network, combined with the application of ma-
rine hydraulic system, the vibration signal characteristic vector extraction model and fault diagno-
sis model of marine hydraulic system are constructed. Finally, the model of characteristic vector
extraction and fault diagnosis model are validated on the basis of measured data of hydraulic
steering gear equipped with a certain type of watercraft.
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BIERG R T RADRFRILK, BT P, POl AE TS B s SEtml, (AN RfL3)
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EWUE RS B [ R R YRR TS R, SO R G E AN S R, SRR AR A
2, RERN T AR R Gt AT AT R, TR R AR & T A 1]

FURD, 0T 22 G AT RS 0 0 K% i 12 W7 3 8 e e R T e 6 S HL o s 22 iR N AR s
KA GRS 12 S K, T HS AT RS MR BEAT YA 2 W, XA T RSN T3 2l
JEHET . ATHMESRSERE AL B ATE R RGBSR O — e SR o (X AN R R Geix b
KBS E AR, BT S B 12 Wi 5 VETE TRE S RS AR A IR AN . — 23
SR — B R BT LS T R GH BRI M2 W, XA R OGRS SRR m R R Gk i H
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[3]c X T—AEPRME T okUl, BT A RN HT) S 2 4 RAR KRR FR 2 T RA Ry
B Mm&it EMD 3215 IMF 7 E45EFAar, BT EMD # 2 MG 5 A B FIRFAE A [a) RUBE HY
RIE T AT, AR, £ EENK, FAEI IMF 7 &— AR A Ry =
X, B TETHEA N ESLY IS FE[4]. EMD R [FAME B ARkl b, B 178 R E 5 1aEF
g N 2 R I EE R BB R, 05 S 00 BN R g 7 s RN AR AL, EMD HRMEL
TN L Ay FEAR S, ENEE S T SRR A IR BRI . AN, EMD PLES Z AR HT AR SE e T
BRER U AL B AR 2 1), FEARZRMESE T, LR EE A Hhw iU A YR AL B i R S AR S 1
X & DA & P55 A 7 R BT ASRE EL LI [5]

XEARAE 54T EMD 20 RSN T IRISAMEBL R EL IMF, SR 5 PR 5 AR R B0 AT A R A 48
e, BRNFRAFRE . — DNAME R ECL 00 2 DL A& — AN RN, FEE IR
SESEAEREZHE 1; —REY MEE— S, BRI E U 28R i Rk IME &
XN ESLBMER 0, BUES KT I alHmAMxSFR[6]. B N%RIBPIRN, E5ESRNFIEm
WS 5 2 BRI XT38 AN, & — DS, B S 4 R it ERAE O R 2K,
A5 g B AR AN TS AN KRR T B T AN b BE R BT s o SEBR b, IX NSRRI (1) R R 351
TR AR T AR AR R UL, THE R IAE I B R E T AR RIS, I A2 R A S
Rl , 7528 AN A AR T R AR R A 0 28 A =y s e /M B0 28 R P S5 R 2R AR, 845 5 I =38
XR[7]. BEARERM, E—RIE T, XS, BERREEFG A RANYEE L. A
PRECRAE TR N AE RS . HAERL e B s AT A, I Z ST e SR AR AR ek 0 B — A
RN, RAE— MR, BHHAMERNEE; — MAERRER A AR e — AN EwE S, FF
BT DU A Fg A )y i, I8 mT DURAERRZS B B e33R B 1 (R4 5 R R B AR TR AR kR 4K
8].

UGS R 5 BT TR R IMF B T A5 5 PRI s sh i, fEe s — AN L, fSUE & —4
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i HBA ERYE].

3. RERME
3.1 EE9mER

BT RZETA E i B A R AR R E, AR A S b, BT e 2 et
XA 8T R ) A R ARRE AR AN B 58 A RAE — MR (R R PR R R o T T 0] SR B4 i3k 47 EMD 43
FRRSFAF AR R E . EMD FiERE 53 TOUR 3 /MESR: — 255 EEEDHARE S, BI—M )
KAE RO — MR /ME R AR R RUBE 58 SR AR AT R AE s 2 TRTFRTEF TR (1R s = n SRS 53 i
ST 45 5, TS AAEXS A3 il 2 T S Loy — IREE 2 IR LIRS i, AR5 0T i 45 R E AT R
Sy BT 2R 1 73 5 [10]. EMD S i@l — M RR oy 0oy 7 AR AR SE IS S g, Bk AR
Wr:

(1) ME—HERES X (t)» EREH X (1) LT A, = U085 #h 200E 52 I iR %
BB, ERITEIIMERUER RS L. B x () 5 R P RSLHHEm KZEILN b, U

h=X (t)-m, M
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rL=X(t)-C 2
e REfEs, EREQMIHSDE, BB n RRES ORI, AREF T H IMF 7
=0
h=rhai— Cn (3)
(3) HeE b, X (t) AR N A IMF BRI, B
X(1)=2C;(t)+n (1) @)
j=1
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FOAS RIS B o F) =3 0 I ] AT A2 B AR 5 AR B (K AR AL T A2 AL AR [11]

3.2. FHEREURE

EMD I T (3 5 1 R R I 1 JUE 44035 5 B RO BT IMF 4M 2, R
P 1 55—k B T SEBRAOYE S, AT T LA SRS IMF 53 B I 4515 RO i 12],
2 (L) R A5 BR 5y (1) S AR T e, 95

c 2L ()
hi(t)—njlwt_r dr ()
&N 5
z;(t)=h(t)+ jn (t)=a (t)em(t) (6)
TR BN EERECN:
a (t)=yh’(t)+ h? (t) )
ks AR A <
_i —ix d(ﬂi (t)
f (t)_ 27tw'(t)_ 2n dt ®)
SIS A RUE R ARG SHRHE ERFE, € X0k SRS TR EN:
E, :;|ai (t)° /N ©)
Hrr, NONREABES I S A
DRGSR R RE RN
E=i& (10)
EH—EE SRR RN
M;=E/E (11)
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RGBT IRE St B — Bk . RBF AWM LWTEEITRE J) . /h2EeT), IERIES I E Ty
TS SRR IA[13], BRIk F 7 0 F T2 WM AR 2 4 i

RBF M 451 52 2RI MR, M= 2, BaEmAR. B EMEEHZ.
Herh N2 B SR ARG RS R CeRBE” MR, Sk S I R 2 B 2 2 1) R AR A e
it B, W H AR SR B S e, SRR I R 2R R IE KON

f(x) =2 wd(x.c) 12)

o, BN x=(X, %, %) > XeR", g(*) NRAZERE, w R AT AR AUE, b
BUE TR W= (W, w,, W, ), weR™ . EABIRI R, 4N 8BS 1 S B IRE S, St ED
TS R GURES I R A

PR e I e BB v T e

|

#(x.¢;)= exp[;zci”J (13)
O;

Hrp, o iR B o, X EARE RN | NIRRT, o MR T £
PRI R R I e, VRIS RS JI SR TG S, RO PR R G i MR T OO 34T I 25,
Je SR 2R G AR T2

4. {RBNES SR

NBSAE EMD $5R & RBF 2 W RLE AT AATRUES 2 S A2 e sk 1 T AT 1, 3ATT DA AR A e 46
FEREHUIE X REEAT RIS E . B0 LZ RN SEPR i el B RS 5 5 82, Eid EMD 7rfi
H IMF 22 83k 8 NIRRT R), X% IMF 2 ESRPURHE ARG, DLHAMER BV, S &
GLIBAT IR ot th SEHL RBF M8 A AU G, i AR UIZRIN [RI SR i i SR Sl N, 32 ke
R4 AT T RAIE .

ZIFEHL A T2 B R e R, T2 M e 25 PR B G T P2 T B e T AT RS Bl T E R {3
NN GLA . fhlE R, fEdt: &z, M. L8t o, &@Raz s R K 3
B 3, R, BEEE AR, REEAR, TRWMAJESETE, M A R[14]

4.1. (FSHIS#

B bR = b Ji (K] A R AL IR TAERBE IR BN 5 & dh i — o AT RS o i, 45 R0 )
mE 1 R,

4.2. FHERERIIRE

oG 1 IMF 2 S AT A AR e . 3 — b B 5, 19 31045 70 B 1A B I A%
1. %2, £ 3. K4FR.

TE I TN = P R = R A TR HDIRES SRR BNE ST 2 HEER )5, RILH IMF 7 & 1)
RE & 5 O AN FIZITIRES RO R 404, FEAREGLNZE 5 B,

YFEHLAL T IE RS, IMFL &R 0 5 b Ay B R T L SR MR A E S, (HRH
£ IMF2 Zr 2 IReE L7 T SR B2 X AR ki, IMFL - 2R E 5 LR ARSI B 20K,
H IMF1 7y &ERe &t ol 7 S e & o B A 2 TEL RIS, IMFL 73 & Re i LR AR AS B 5
ZUN, H IMF2 sy 266 IR K T HAL S EREE L.
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Figure 1. EMD waveform diagram of a steering engine typical fault mode; (a) Normal signal; (b) Pump speed
fluctuation signal; (c) Clogged filter signal; (d) Cylinder leakage signal

B 1 RFel BEKEREN EMD B2 RRTE; (2) EEES; () RERENES; (o) REBEER
S; (d) HERRES
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Table 1. IMF component instantaneous frequency and energy ratio of normal signal
= 1. EBES IMF S ERFIERFGESE &

IMF & IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 IMF8
f/lHz 155.7 73.4 35.8 16.6 7.3 3.2 14 TR E
M/% 73.83 13.52 5.27 3.78 1.79 0.82 0.57 0.42
Table 2. IMF component instantaneous frequency and energy ratio of pump speed fluctuation
2. REFEE) IMF S ERSARGES HtL
IMF & IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 IMF8
fIHz 163.2 76.7 37.2 134 7.9 3.8 1.7 RS E
M/% 90.56 4.85 1.73 1.22 0.92 0.41 0.2 0.11
Table 3. IMF component instantaneous frequency and energy ratio of clogged filter
3. BRER IMF  BBREIRGEE St
IMF & IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 IMF8
f/lHz 1775 83.4 37.7 15.5 7.7 34 15 B
M/% 77.43 9.82 5.81 3.08 192 0.93 0.62 0.39
Table 4. IMF component instantaneous frequency and energy ratio of cylinder leakage
= 4. HEIRR IMF SRR MES bt
IMF & IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 IMF8
fIHz 188.9 87.7 40.4 19.5 8.4 43 18 BRI
M/% 67.51 23.25 4.62 2.58 0.96 0.52 0.37 0.19
Table 5. Energy share distribution of IMF components in different states of steering gear
%= 5 MHNARRETE IMF YEREEE LD
FEPLRES IMF1 4y 2fbE &Lk IMF2 4y 2 fbE &Lk b BreR LT
IEFRE 71.25~75.53 12.26~15.55 11.22~13.67
R ) 88.75~92.38 3.76~5.52 4.34~5.78
JEAREIE 72.68~79.55 9.43~10.57 10.93~13.78
TG A 66.87~69.49 19.44~24.63 8.77~9.56

4.3, IRE RIS 5HIE

BT IZHMIEANFIRE T, AR IMF 28R S A, RIGZ 45l 3t ERIRE,

B EY 50 ZHARFAE ) 5 X 12 W X 2 A R34 T I

PRI ZRSE e, A% Bid 4 R ARFARES, ABEHLEE 5 AAHR BTS00, BESs R4k 6 fr

TN o
mE6MEY, HEEREBirMERA—I.
5. Z5RiE
EMD 1EN—F#r B S 3 vk Bl fE(E 5 2o me . R IR i @B E A& 2K
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Table 6. Comparison table of target vectors and simulation vectors
% 6. BirmES5HEREEER

BERE HimmaE (R
1 0 0 0 1.0081 —0.0032 —0.0049 0.0000
1 0 0 0 1.0059 —0.0023 —0.0036 0.0000
IERIRAS 1 0 0 0 0.9965 0.0000 0.0021 0.0014
1 0 0 0 1.0043 —0.0018 —0.0025 0.0000
1 0 0 0 0.9997 0.0000 0.0002 0.0001
0 1 0 0 —0.002 1.0048 —0.0023 —0.0005
0 1 0 0 0.0051 0.9907 0.0042 0.0000
TREE PN 0 1 0 0 0.0018 0.9978 0.0004 0.0000
0 1 0 0 0.0028 0.9944 0.0024 0.0004
0 1 0 0 —0.0015 1.0037 —0.0018 —0.0004
0 0 1 0 0.0006 0.0007 0.9983 0.0004
0 0 1 0 0.0000 0.0000 1.0000 0.0000
ARG IE 0 0 1 0 —0.0008 —0.0009 1.0027 —0.0010
0 0 1 0 —0.0032 —0.0018 1.0077 —0.0027
0 0 1 0 —0.001 —0.0023 1.0040 —0.0007
0 0 0 1 0.0021 0.0014 0.0012 0.9953
0 0 0 1 —0.0031 —0.0023 —0.0018 1.0072
T P IR 0 0 0 1 0.0011 0.0014 0.0009 0.9966
0 0 0 1 —0.0026 —0.0017 —0.0042 1.0085
0 0 0 1 —0.0019 —0.0033 —0.0021 1.0073

R o AENUBSRIZ W4, EMD SRR AT J7 MR I BL, LS /M B SCRFFIENL. P2 S5 25
Bz 2 HRTHUB R 2 W U8 — AN KSR DT 1Al FE T EMD R 5 RBF MZAHZE & RIMHIRRUE R4
VW BOR B AT S BN A AR A SE R (RS A2 W7, B AT O e SR e B s B i W iR R 2%
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