Journal of Aerospace Science and Technology E it &R KRR} =, 2017, 5(1), 37-44 Hans X
Published Online March 2017 in Hans. http://www.hanspub.org/journal/jast
https://doi.org/10.12677/jast.2017.51005

Fault Diagnosis and of Aero-Engine
Hydraulic Pipeline Vibration Signals Based
on Hilbert Huang Transforms

Tiancheng Li, Rui Zhu, Chenchen Li, Qingpeng Han*

College of Energy and Mechanical Engineering, Shanghai University of Electric Power, Shanghai
Email: 'han1011@163.com

Received: Mar. 10th, 2017; accepted: Mar. 28th, 2017; published: Mar. 31“, 2017

Abstract

The objective in this paper is to present HHT method and FBG technology to analyze the aero-
engine hydraulic pipeline vibration signal under fault states. Fault diagnosis and location of aero-
engine hydraulic pipeline vibration signals based on HHT method and FBG method are applied
through HYPERLINK electromagnetic vibration table simulating wide frequency band under clamp
loosing and trip state. The results tested in aero-engine hydraulic pipe show that HHT method can
clearly reflect the real vibration characteristics of hydraulic pipe under different states. This me-
thod overcomes the disadvantage of the traditional Fourier transform (FFT) which cannot obtain
the instantaneous frequency of aero-engines, and provides a new idea for the non-stationary vi-
bration information of hydraulic pipe under different states. Fault diagnosis and location of the
aero-engine hydraulic pipeline are confirmed by HHT and FBG method.
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Figure 1. Simulating the fault state of clamp failure.
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Figure 5. The EMD decomposition of vibration signal of areo-engine hydraulic pipeline clamp from
loose to fall off. (a) Point 1; (b) Point 2; (c) Point 3; (d) Point 4
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Figure 6. IMF components of the vibration signal spectrum of the Areo-Engine hydraulic pipeline

clamp failure from loose to fall off. () Point 1; (b) Point 2; (c) Point 3; (d) Point 4

5 : : : : : 5 , ; : : ‘
0 <0
5 I I I I L 5 I I I I L
50 20 40 60 80 100 120 0 20 40 60 80 100 120
T T T T T 5 T T T T T
0 ~ 0
5 L i 5 ! N | I 1
50 20 40 60 80 100 120 0 2 40 60 80 100 120
T T T T T 5 T T T T T
0 o 0
5 L L L 1 L 5 L I h 1 1
50 20 40 60 80 100 120 0 20 40 60 80 100 120
T T T T T 5 T T T T T
0 < 0
5 I 1 I I L 5 L I I L L
50 20 40 60 80 100 120 0 20 40 60 80 100 120
[ T T T T T ] 5 T T T T T
L AN TTT 1T 7 11 T 71 '“_%lT‘LI L T T TT T, T TTITTT T 1 1'
0 20 40 60 80 100 120 0 20 40 60 80 100 120
5 : : : : : 5 ; ‘ : : ‘
[ |
9 T T T T T M wglp T O S S L S P 1'
50 20 40 60 80 100 120 0 20 40 60 80 100 120
T T T T T 5 T T T T T
0 ~ 0
5 s s s s . i ‘ s s . !
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time/sec Time/sec
(@ (b)
5 L h H h h =0
0 20 40 60 80 100 120 -5 ‘ ‘ ‘ ‘ ‘
5 : ; : ‘ ‘ 0 20 40 60 80 100 120
_[5) Il Il Il Il Il o~ g ‘ ‘ ‘ ‘ ‘
0 20 40 60 80 100 120 5 ‘ ) ‘ . ;
g ‘ ‘ ‘ ‘ ‘ 0 20 40 60 80 100 120
5 : : : : :
5 ! ‘ ‘ ‘ ]
0 20 40 60 80 100 120 © 0
5 5 . ‘ ‘ . .
(5) ‘ I ) ] 0 20 40 60 80 100 120
. 5 : : : : :
0 20 40 60 80 100 w
51 : ‘ T : : | 5 ‘ ‘ ‘ ‘ ‘
] L S L L L N LN A 0 20 40 60 80 100 120
0 20 40 60 80 100 120 5L ‘ ‘ ‘ ‘ ‘ ]
o ‘ ‘ ‘ ‘ ‘ I L L L L O L ]
) T T T T T 1 T 5 L L 1 1 1
0 20 40 60 80 100 120 50 %0 4‘0 69 89 190 12
gl : : : : : T . 0| l ' |
B E— L : [ 1 I ‘ ‘ ‘ ‘ ]
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time/sec Time/sec
(© (d)

6. =& EHREE BRSPS AR BIBEIRENE S HY IMF 5> BIEE . (a) W 1;
(b) M 2; (c) W35 (d) W= 4

60 T T T T 300 T T T T
50 1 250 g
40 1 200 g

Strain / pe
w
o

N
(=]
L

Ma..,
h

bt oA o A

Strain / pe
I
o

0 . N ! n
0 2 4 6 8 10 0 0 2 4 6 8 10
Frequency/Hz Frequency/Hz
@ (b)



FERM

100 25
20
80 20
70
9 60 w 15
~ ~
c 50 c
c S
& 40 510
30
20 5
10 1
Ml v, festilral R e WACLTL AP Pl
0 0 2 4 6 8 10 0 0 2 4 6 8 10
Frequency/Hz Frequency/Hz
(© (d)

Figure 7. Hilbert marginal spectrum of the vibration signals of different measuring points of
the Areo-Engine hydraulic pipeline clamps from loose to fall off (a) Point 1; (b) Point 2; (c)
Point 3; (d) Point 4
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