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Study of Vibration Diagnostic Method of Valve Leakage
Based on HHT Method for Diesel Engine
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Abstract: Using Hilbert-Huang Transform ( HHT) analysis method, the experimental research on ex-
tracting the characteristics of valve leakage from the vibration signals of a diesel engines cylinder head is
present. The valve leakage faults were simulated, the vibration signals on the cylinder head in the differ-
ent valve conditions were measured, the analysis sections of the vibration signals were identified, and the
characteristic parameters of the valve leakage faults were extracted by using HHT analysis method in fre-
quency domain. It is found that when the valves are in good condition, the vibration signal energies are
concentrated in the vicinity of the top dead center (TDC) ; while in the leakage condition, the vibration
signal energies are transferred to the compression stroke and the energy distribution is more equal. Tt is
also found that the time-frequency entropy which characterizes the uniformity of the vibration energy dis-
tribution can be treated as the characteristic parameters to diagnose the fault of valve leakage.

Key words: diesel engine; Hilbert Huang transform; valve; leakage; vibration signal

0 8 = d ik, Wb RAIRS R, SRR S AL

= IO R R L Kl a7 A T <P L INIGE: S Uy

P IHL G TAESIEES , S E SEREOE L, MR bERe, AAEEER A

PR B RS ESURE I, AR, s wekat ) Fik, JFRSIRIE S I 52
s HER: 2016-08-29

E&WH: EEAAREEEIIH (51379169)
EBERIT: B (1992-), B, LA, FEAFEDT O SEmALEIN . 2Wr 58 7], E-mail: zhengxiaoyi623@ sina. com,




2017 43 H

o ORAE . BT HAT f S LR RS2 BT ik w5 ©25 -

XF T4 S LAY & e S AT SR BAT o E Y
=9

PR AT 2 W U R A RO A2 —,
IRZ2AF M IHEAT T KRBT T BF5ERM .
UMLK A B, ST S R S5 S B A
RER A BTN o A G MBI ik BRI
THLAE S 4R 30 15 5 SURBE Be AR 5, R4 03 23
Br, FESUR B IRBURFIES AL, AT U2
Wro SR, SGMLEL S IRENE S/ & T AR
AP RS S, DR AR GE R A 7 T 06 S
W IR BE BIR B 15 5 AT e BT R A s 1 A
SCIE TSI LIS AL AT, SRBORS2 B LR
S TS AT B el T AR B AR 2R AR AR
BARLRNES S 09 HAT 23 M1 0735 51 A SEMBLEL 55 ik
fFE ST, ARG SE RS w55 rdl %
8 I T R o

1T RERFERINETE

PL4120SG St Ry i ge xf 4, H e %
1500 (r-min""), BEMHRN A5 kW, K KT
N 1342, e TG IR TR I S R AR LR
550 o0 T HERRINICR R TSR A R B RS,
B A BN 22 A S 3 HE A R A ) 17 i i 55 R 1
AR AR B A R G an & 1 R, oo B
LR T B&K 2\ H] (1) 4384 1 fif AU i 3k B £ Jak
%, HTAEWEEE 0.1 ~12 600 Hz, [EA7 454
7y 42 kHz, FEHEH10 (Pe-g™'),

B ERAEHERRERZREE

TELE ML 1 500 (r - minfl), 0% . 25% .
50% . 75% frfar T, D IBCAS ] 0 R R 285 1) T o iR
3 Bk sRARELE E S, BT SR ALEL 95 Ik
3 bk sAAREDE I E S BALE 10 kHz LUF, R
PR B, VEE AR T R RAESIR Ny 30 kHz, X
I s A B AR AU Ty ZR AR 1

2 HHT 25

HHT 52 —Ffd F T 4b PR RS S IR L R T 1)
AT, EEASFUTAE: (1) sHamis

&4rf# (Empirical Mode Decomposition, EMD) ¥
SIRAE 5 0 i — R AVCRA R W B A AR AR
5 pR%L (Intrinsic Mode Function, IMF); (2) Xt&f
A IMF AT Hilbert A5 K, SR AR 55 A X
AORAE, ARG TG SRS IRUIR 5 o I T -5 5 - B (]
=435 45, BN Hilbert ijé}“bj 5

®1 SERESESEELET R

a2 R BT %
K& EH IEHRTE
RE2 | BROWS (ERmEDRZAIT 1 ED (1 mmx4 mm)
W3 | FEER |(EREHSAIT 2 BT (1 mm x4 mm)

S IR O 5 o 60056 (0 o
AR (i, ) W im0, ) LRI I
—fhAba,

iy = im(L)

D = maxlim(i.4)] )
_ L

.fn - f (2)

Kr: Im (i, j) A —AL AL HL S A9 18 {H, max
Lim (i, )] Him (i, j) WEKAE, f, HH—
AbFR AR

1 T 35 4% 30 {5 5 A [ S sa A Bsf 3s - A7 7
EAHZE 3 KA, 30f BRI R S 7
B R G IS, AR SCR A —Ab S R IEAE Im (i, )
M dB FoR, HAH/INB A5 5 3B t il o g8, 7E
It dB JE—Fp it EOr i, Fomh

H,(i,j) = 10lglm(i,j) (3)
KL: Hy, (i, j) KA dB FR iy IH—fL b2 5
() HHT B} 43035 e (L

3 ESHMKRIRERATEHRR

PRENF T o3 Hr BERO AR MR 3 2 e J 3 5 5 4R
RGBS = SRR 7 1% o (G 2 1 i R SR sh 15
TSI AR RS E S, IEBUES A
(LR TR N5 S, B T ELPRRGE L &
VR PR AS , BAFE R B AL IR 3h
J IR MR BR S 55 AR S pLRbE L
b IR — X R B 5, BTt HER A
I SCH], G dRah {5 5 B AR L AR BE AR T
SRR A S, (EIE I X ST AL AR AL R Y
ST R, BEBUE T ik BB AL HE R T R IR
RS Sl (w0 Rz T4

Kl 2 & 4120SG 43 ALLE 1 500 (r -
0% fifar . K TBT, 17 G0 IRAL 7 IE# AR A I
A S L S RS 5 R . S5 5P <A

min"'),



- 26 -

%

il AL

55 39 45 2 1]

fr (1&3), AT oA 0 B A L S5 S 3URh I

150

15T e
W
1 %

100

W
(=}

1HLES

/ BESKS

e LA
S RS |

wxm 3 Py

2
=
#
D \ HHE
# = AHLAE
100 [PEHFT vt Vg T
o mn X DALHEAU
0 90 180 270 360 450 540 630 720

B2 4120SG BULEhHL Sk N TR & FEH RS S FHEUR 2

i’ f/°CA

f—>

JRJe b1k S HT30 °CA
WG L1k JE10 °CA

57
0,

4 e

| bl 6
(%] : HX

{00

|
1!
>
|

T

1
|
|
= 03}%

s 0

A

0

4

Y= >t
|
|
|
|

00,0,

16,

iR ]

0, A3 IRFF I fh
0,3 X

A
TDC

I

I

I

I

T
I

I

I

|
1 F >
K
I

S
|t

B

=
U NN SR

BIIDC TDC

15 °CA 0, 8HF KIS, 15 °CA
42°CA O NHFRIRITIR i1, 43 °CA

B 3 4120SG B LM E SABARE

M 2 T LI Y, 412086 S AL 17§ 3R 3h
155 00 A2 FAAR 2" B T 9, 28 Z 20 S
PHANMEL B 4" G0 T3, X FEER H R 412086 483
MR ARG S (T#HEDR 246 e — <603,
3GLA AT — AR R ), HLEE Rk, ot
HE VR R R . DR, ARCHERR & R il U
T, WEEEUE S IRNE 5 T B

e Rt S 1IN LT N VA LS e v 2o U= i)
{F o A2 B E RS Y T80, 55500
BB an=t (4) iR

1" :01* = [, - 180 °CA +6,,6, + 6, ]

2% 2" = [0, - 180 °CA + 65,6, + 6, ]

. . (4)

303" = [0, - 180 °CA +0,,6, + 6, ]

A" .4" = [0, - 180 °CA + 6,,0, + 6, ]

K @ IG5 00T B 6, AR bk fi A
FE; 6, Rt 6, NHERIRTT IS M
180 °CA Ay 10 i SeymATL B> A 0 oz 1 it e £

WL EAHTT LA Y 4120SG SIS LA
SOMTBARSE, OERONAE TAE R 4 NERY
IREMEFBIFEEM B TR E. B4 NG S b
Brze e, =l (5) Pfow, #iRansk (6) PR,

@ = gol# N @2# N g03# n ga4#'E (5)

© =[6, —180 °CA +6,,0, + 6, ] (6)

XFF 41208G Seuh AL, 6, b HER I OC M A,
15 °CA; 0, MWK, 42 °CA, K EEA
AR (6), RN

@ =[6, —138 °CA,H, + 15 °CA] (7)

25 I, 4120SG 5% AL AT £ BURA e b ok o5 i
30 °CAZ Wb L1k sSU5 10 °CA fEAIRENE 570 HT B .
PCBHAE 5 XA N ST AL T3 RS, HLET N R 8%
i, TR ARSI A SRR . SEEURE T
1E AT 30 °CA NG5/ BT Boke if AU H I8 Sl
HLFEARZR R AR, AN & 2
RbE b1k S5 10 °CA ARG 5 BT B 1k SR R
HESIRCHIf 0, J 15 °CA, HARIRSCH R —1id
2, $RHUE ST B A —E R
4 RIGEIES

K4 50 5eihAL (1500 (v - min~'), 25%
) AFEAERE (IER . BMsEE. ™ EK

BE) TR BRI . R R IR 2 4R B 1
HHT R S .

71500 90 180 270 360 450 540 630 720
%% f/°CA
HESR IE 5
150 . ‘
o oamE
vl 195 N =he2
1ERfES

2\, S E

& /g

0 90 180 270 360 450 540 630 720
%% f/°CA
HE R S

R3]

55
100 2 KA
3 EikffEs
o0 50
® 0 "
= =50
-100
-150 . . . . . . .
0 90 180 270 360 450 540 630 720
% 3/ °CA
HEURP LT

B4 SEHNARSEKSRE S SN



2017 43 H

o ORAE . BT HAT f S LR RS2 BT ik w5 ©27 -

SYATELS AT, Y HEA R A O R IR A
HHT B35 ] iy — 3 434 2 il o 43 A0 19 A5 i i
> HBea sk, ARSI S A 14 H Beai—
W (FE4nhfe) MBeEK D, aapy 8 FEE s
AR P G — 4y, RIBE R BB fe ik be 1 1k
SRR, R BT R Be I BT AR 1 s S HER
I TR SR AS BT, HHT B 45 [ i — 35 40 16 32
fE B0 A AR BRI, 2T € A At 1) T —3
R MHR AL T E IR AR, 20 @R 5
HI—5B A Fe A A5 AN (., MR B e e
SR o X R R AR TR RS S Ak
FIAARS ) HHT B4 E o7 LA HER A T
TeSARER, IRSNE SRR 5 i BEN A 15
FINYAT, PE AT WrHE S IR AR

N T IR BNME 5 RE R AR 5 4T BN A A 1Y)
WAIRERE,, ARSCHI AR ME S, Hoe SORET
FAF R e B R YA 2 B A B . RS ) s
SANF ek HHT B E S R4 8 noxm, 3k
N =n xm P BB, o QKR ] B K]
Gy ko B, m ARFBEINR BN ol m By, R4
WA N BE R R w, (i =1, 2, - , N), B4
FF A S e N E, AR EH 47 R = E —
fbab B, 551,

w;

% =5 (8)
S

NS 9)
) HELT {EATTA 5 S

() == X 4 - Ing, (10)

HRA A B ACRE R, £ B 60 24 S 1

HHIRU/NRIEL ; % TR UL, 4R35 T e
WSS T BLN AT ), IR,
ZWEN, FHRSAIPLAE T AR T
FRIRREARUR S (q ) LA K IR0 1 155 ) T B IRF e 05
TR LR s, a2 Fron. R 2w, SmblA
AT, B CRRAS A SO I AR 52 B — 2
AR . HECRRIAL T 1E HORZS I, I3 %5
AN i DL e e S e O | o T
HE AL T SRS, PR A HE R A T 1E
ARSI R BRG] e HHT B3P A i 5
RERE LB S LR LA L Mral i, HHT B 55045
X T B BRI DA R T e e )
S

o
in
(=}

0.4

+’i+ -5
K03
= -10
| 02
m
01 -15
0 -
0 10 20 30 a0 20
FAIEI°)
HES R IE H
0.5 0
0.4 _
;;* 5
R03
) -10
| 02
m _
o, 15
0 -20

FARE/°)
HEURP T
M5 FRSERSHRES HHT 637E

R2 ARIAR. FRSEKRETHSHE

— HARIER | #HFWEMRE T | U ERA
s(q) s(q) Sk s(q) Sk
0% ffi fof 2.82 3.19 13.12% 3.62 28.37%
25% i far 2.78 3.32 19.42% 3.58 28.78%
50% 7 far 2.67 3.18 19.10% 3.39 26.97%
75% i far 2.91 3.24 11.34% 3.72 27.84%
5 & it

(1) SebLEr 5= 35 S WU AR 2, BEHL
{55 AT BB B 25 A S ML AR AL 1, DLk 3L
iR UL A a7/ R

(2) XSS 2 HAT 45015 & 8. Sk
FIEH RSN, SEMmbLGL S IRNE SRR E e L
1R S BE  YAREAETIs SRR, B ) R4 op
R, TEBT BRI o A B 5],

(3) BPHE AT L RAEAE 5 RE SRR 5 W B
WA AR B, HILREHE R R e <0y ™ E R
MG, IZRHAESEOT DU 3R T SR A 1)
ZWi .

(FHE 32 71)



©32 . 45 90 HL 5539 B2 1)

g, HAGLEMEZEAKR, X3 WIRFERE—  WHAREGIER LIS 6P UG ol bl LA

X [B] 58 1) 437 e BRI AL e, X 2% 6T HE 1R A R Y B AR
500 W, I HAGHER IR 2200 B 45/, IR 2R KME N
90 CFFEE]29.4 C, HEIRHEZH I 15.2% [ &
400 4% ZEEO
oo —— 1SR || 4 # i
x *‘ — v 2B
o g 4 ASCHE —FHRR A DI IERRE, FLSTI
ol o | R BRI 8 ARG AT IS T
SR X —G B HER A T B B IE, D E A G AE 38
% 100 200 300 400 500 S tE HER T — 5, v R E e P Bh
HU‘I'F!J/S ap
Heo
E7 HEREEGAEHER S
£3 RUBEEBESH SE XM
T, " (1] B, BRZE, MEm. SRR S8 s s i
BRI/ C 371.193 1 f:f% [J]:.‘THZL%%‘T}M:;;OB (?E?f 247' ‘
R C 241697 7 [2] %iﬁﬁ /ﬁlﬂ@fﬂjﬁ*‘(ﬂiﬂﬁﬂmﬁ@ﬁ@ﬁ*ﬂﬁ?ﬁ%ﬁ
6 fiT ik 2/ C 29.480 8 3 /# [J] T@ﬁ%ﬁﬂgmlﬁ’ e %;6_147'
P [3] JrakWe. WORSSHPLHRR IS (1], MARHL, 1993
(3): 4345.

H2e 3 BT, HERAR AR T, 5 HEE /)N [4] Eb, SEE, PR, % KIHUHEIER 19T
7, W2EN29.4°C, HREELL e H4.4% , i BIFE [C. A TR ARSI ICE, 2011,
JESEIALT HER P SR, Sl T R, Mg
7N

NOANOANEANEANEA MO NI NENNOANOANEANONNOANEANONNOANEANONNONNEANEANOA MO NI NONNOANONNEANONNOANEANONNOANOENANONNONNEANONANON MO NN NONNONNOANOANON

(455 27 1)

dence limit for the empirical mode decompositon and Hil-

STk bert analysis [ J]. Proceeding of the Royal Society A
(1] Bk, beE, Jimie, 4. p s seni oL i o a Mathmatical , Physical and Enginecing Sciences, 2003,
REN WIS WA (1], SelbL, 2011, 33 459 2317-2324.
(5): 31-35. [5] HUANG N E, SHEN Z, LONG S R, et al. The empiri-
[2] %57 SeyhHL IR IR A0 RS B8 208 W 7 vk B 5Y cal mode decomposition and the Hilbert spectrum for non-
[D]. 500 FEIH T, 2013. linear and non-stationary time series analysis [ J]. Pro-
(3] FAE, #RERFE. LT Hilbert-Huang 253 i 5 AL 1] ceeding : Mathematical, Physical and Engineering Sci-
WECHFEL IO (1), W TR, 2007 (6 52- ences, 1998, 454 903.995.
55. (6] skitff, E4&. WkESAMEA [M]. Joat: dbs

[4] HUANG N E, WU M C, LONG S R, et al. A confi- fot s LR RS H i, 2009,



