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Fault component extraction of engine based on abnormal sound
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Abstract: An approach of fault component extraction for abnormal sound was proposed to realize the
online automatic diagnosis of engines. In the method, an overlap superimposed method was proposed
for noise elimination, and the correlation analysis and the beginning position of dislocation superim-
posed interception signal searching method were used to establish the signal analysis system. Firstly,
the local extreme value of abnormal sound was used to determine the beginning position of abnormal
sound appearance and to calculate the length of interception signal according to the separation distance
of the adjacent starting points. Then, these intercepted signals were linearly superposed together to
acquire the fault component. Furthermore, the error of extracted signal was analyzed and the effect
factors on the errors were obtained. Finally, the cross-correlation analysis method was adopted to i-
dentify the results. Experimental results indicate that the relevance among several extracted signals
reaches to 75% by the dislocation method, which can be used for fault diagnosis. The method is no

complicated time frequency conversion process in extracting fault components and has advantages in
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simple operation and high accuracy.

Key words: engine; abnormal sound; fault component extraction; overlap superimposing; cross corre-

lation

1 3 7

W UL %2 3h AL AT L 2 o o R EE 5
Fr . & shMLALRL &R T2 5 UL S MR K
AR, &S AL PR B G R  RG
B 15 76 € T SE I 2[RI LA BT B, 1 B R
R, TAERIE FoW ™ A o BE s IR (8847 et
oI HEAF B G, LT 7 A I B R A A, hy I R S
PR JILTEEILA RS, G SR b
I Y B S 5 VT B PN RE 2 T A AL 9 [ B
i K B L 24 K A v T B G 2 T AR AR
BB bt o 5 BB 2 BRAR 00 HEBR BB , ] DA ik
B REF 2 KIHIR . &R L ™ & P
23 B E 5 VR BE N e KT ZE RN
o AL TR FE i S8 T ML, T I 2E o i
R NS ol AR UL TE (787 N 1 = 1 4
PR, % & sl AILE AT S s AR 4 W, B it B & B
BIL BT R, XoF 2 35 2 gl AL %) T 5 M R AE K il
MAEmEARERZEZE L,

GG PG L oh G B2 W vk E R 4%
T Ay BT R RORS I ik L IR B R
SR ARG S BT ET EL 2, &%
P T e 5y AR N R R TR & 5, — ik
00 DA AR AR ME 4R 5 TV 0 BT T T R AR T
H T 5 3 B R A I — S A R T R AT K
K ENHL K AEPLET B, B AR R & )
PLAR LAY, IR It L mT LA & sh AL 35 15 5 b AT
SEHE AR £ 4y M. AL W K B LR R AR LT K
BELTO . H R T R S AL L R AL BE K B R T
B2 W B T A 2 L R B SE T I FE 4R &
SHALPLET | T B 32 T i . AR S 3 4 BT B
Wil FO A& B L IE 8 75 5 15 5 FRLET | i 6T 5 5
W) 7 {5 55 SR FH B AH G R B80T A 3 B Jr 5 4
U2 W45 5 104310 40 BT S T 5 5 W0 I G 0 %) T8
AR AL A L B B AR AT Sk S 3h ALk B S A
L W iR LI D45 5

2 FrAE SR ER SRR G

2.1 BEVLR 2R AR B R

1971 4 Cole 4§ A #& 4 7 B HL Wk 4% F2 R
(RDT) I 52 "CAT 25 45 44 (14 45 % A BHL 2 Bifi
JE X FPEARAFE] T TIZ BN . B AL AR
FEA AR N7 7 4R MR R G 00 S D B 3 b
8 s )P O g i £ 5 A T SR AE 25 4 B H R
SR RS S, B FAE 45 R B R 1 — A B R
55 . TEPRSNBLAS 50 BT 45 #5495 A I 46 451 3 v
R . RDT J5 s B B R o

N
_ 1 v
Jmuwagxm+a, &)

Hri LLa(n]= (0, 2 N RGETEREHLIEF T
A AR 5 s L RS, FCo I BENLIER ; < 0
B AR o () S 58 8 1 B (B (E, T #OR(E
St AR SRR E

MEEHLANE R (o R EHER Gauss 43 1f
B, AN AE R AR ST A L G I E A —
FRAF TR E . B, v DASEEE A Hy 5 e
VAR
2.2 HBABMER
2.2.1 RAMEFTRRG EHR

B S IR R TR B A4S 5 5 R g2 UL R
WIVEAR S W 2 0 i AU B T onkis 5L
TR R AR IO F S R R R . O
WA 1R,

v . . . !
R N S o AN N A, —4,
Op \'Q,"” ’?;_:." \.:J \/ 'l\"q}’{ '?\Lﬁ“ﬂb‘*\,ﬁ \.'/‘{ 'V“\;,J ¥ “\\?' _f
—a i I L L L)
o ?, 500 1 000 1 500 2 000 2 500
é o T T T T - 1
= —
< E(l 5[‘]‘} 1 []IU‘U 1 500 2 [.':[]U 2 500
E = ; 4 a =
PALAAAALAA, [
_ , L .
] 500 1000 1 500 2 000 2 500

sampling point
1 L& A 2

Fig.1 Model of overlapping

B 1O A F1 By Sk 2 A FE e (A 6] 1
EZES.CR 2 ME S MEES G S, L



%104

TRB A BT 5 WA A5 5 1 A sl AL R A o3 £ 315

A R T, B A B MXRENGES. N
TG EC AL AT DR A AE B, 8975 BE
BT C BiEmM AR A WEES (D, R
JEHE C #ATEM, XA ISR G, W HX
iR ik AR HE AT 2 W AR AE, 0] DUER BUAS BE S
A, EEE L MATALC MIEES A REER,
HRMEERCR THE 1 5. ma el B, 5 B
AH H B 0 55 X R LA s . TR A AR .
Ci[n] = ﬁg(zlpﬁ KT]. ()
Ho . K BB MRE (K=0,1,2,.m;C ()N
JREGEMES s T AN EmP K.,
7 B ANEGE W ALIE 5% 8 5 5, il
M TAEME &GS 5 HUESmENES.
2.2.1 AERABEFRETRRG &
K FHRE A 22 ik b A i) M S e {5
Bl 23 4 BT X 3 (2) AT ekt
s(i)=h(i)H+ g, (3)
ot sCi) 2 S SRR S A5 55 h(G) S T fE 5
PR RE B8 5 g () 2R S WA AR S T R R
L B Ol e DA
w = 5D = kiskigsrski)s  (4)
Horb ko SR im0 & s GO RREINMIREG
T w I E S

AT

BERMWESBENEKE R,
1< (1= min (kg — ko) }. 5)
B A BB 1E 5 Br kAT e A 45 .
N N
1 1 e
§ = N;wl NZZ; si() (6)
3 (3 A T (6) TR

_ N
s= A5G + g () =
N i=1

N N
1 . 1 o
N;hW+N;gW, )
N
lﬂ%%EMDﬁgwﬂﬁﬁﬁ¥ﬂ@
i=1

-§Zngﬁﬁ%&%%ﬁ¥wo

P T S 7 T T 0 M 2 PR g
N A AR RDT BEIE 15 51 74 10 2 e -
AT 0, RTH . 45 52 BR I N R AT B JE B
e AR AR BT A N KT 4 B 7
il BT 1 8 22 WA 0 MR AT 1/4~1/6, Bk 7

TR N>4 Jia]
2.3 RMmMEHAUEBEITHZE

AR Al 75 2 T B AN T 5 4 i RO L 2 S )
FOMBEE LB M AR 1/2 UL B A EE
NN N I LR A N R SRS v e A
T o VR T L B3 K, AN 25 ) i e L 1A
WA T e A 5 B A 7 B FT LSRRy AR L AR
NZHALE RIE A RTY R 50 A RAHE A CRIEAR
SRR 44 100 HOME R RGO E . X F 1B
BB RIZL AR 5 . AT AR 22 00 308 1 H SRS 5 1
255 BT AR 25 3 B 1) JRy 350 A AR A5 B E 1R
FEE GRS

] DRI 356 5 79 A s 7 1) L M AT DR A G
PTG ERRT 2 2 A A A S Y
A G R AT, A R 2 AR R 1A
KR ., 5909 B AHSCHE 7 B R — B
B R BB S S — B B ARG VIR KB
PILHL T 5 B2 8 53 T T 1) 458 288 B 1) g B, P i
T 2 30 A AL 0 Y 1 B BT Ot AT DL ek A O
BRI ERR ¥ ZE A ACRL A5 I 20 7 AR S 0 R

R.[n] = E{X[k]X[k+ n]} =
JLliralo 2N1+ lll;Nx[k]x[k—f— nl, (8

Hrp: Ra[n] AES M A MEHRE EC)HRRI
BIE ;s N A E S 0 Im 8 BT

I A ARG ok B0 2 S, B2k FTEE Z R
o By 2 A E A I R BIELAE SR BT 00 VT AL bR B
ERFTSEREFESZEAALENER. TR
i [] S R (n=0) , W B AR 5 B9 5 05 (8, e &
I K. BA R YEAE S 0 B A OC pR B 1Y
L AR KA Z (8] B BE B AR R (55 i Ao T
TR RL AR B0 75 0 JE 0 ) s el 2D 3 3 A, AT DA
KA B AH OC pR B AT A

N

R[n] = D z[klalk+ nl. 9

A (8 A 0 A D o (55 AR 4 )
I 25 1 52 0 BV T 75 0 R £ 2 0 L 00 . AR 0
= T 2 2 7 B

3 HERE

3.1 ZLWEHEMEBFEHG
LT o P S 5 R B — A L2 Fo



316 b=

k% TR

5 23 &

B4 Horp 1 AR R AR LT RS, & SIS EO
F 1. FHEES AR LR AE FO B 400 OR B AT
RV LA 1 TR A AR SRRl 44
100 Hz,f5ME Lt 77 dB. M2 20~20 000 Hz, R
Ef 28 mV/Pa,

x1 RINEESH

Tab.1 Engine spcifications
SR ZHE
RIS BYD371QA

HE = 1 000 ml
TR AL 3
FEEL ST T 4
N 50 kW
JE 45 L 10.5+ 1
f KA 90 Nm

K2 RIWEGESRE
Fig. 2 Engine and signal acquired

3.2 HERE

KAWL G5 T RED 3 BT (DREKR
ML A 75 35 15 %5 (800 r/min) s (2) 3 K i
1T R AR K Bh LG o 1 S B b i S S A
800 r/min ¥ AME] 3 000 r/min) ; (3)FEERM T . R
AR R BN ML B A 5 2 b 9 75 5 5 5 (AL 3000
r/min &K & 800 r/min)., Y kP4t T B &
B, DN & Sl AL o BTG 1k W Hh S 7S, 2 R S L
Bt TR el s R L 5 W DL Y ) B e 4 1
B 1E R B HU S R b SR B 75 o 2 T
Ko SBOIRMAEEESWE 3 iR, WA SR
5 JE R B R B AL A R A R

=
o= a —

‘jamplitude

=

6 8 10 12
(A)sampling point( {74 )

=]
ey
s

=

jamplitude

=

h o= ih —

L L
10 12

I
=
.

o 8
(B)sampling point( kjd )

=
i —

jamplitude

=

]

10 12 9

|
4

-

[ 8
(C)sampling point( [ )

3 RIEDHCRRE R S ALLE BB B R R B AT o AR
HHE S
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speed decreasing
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