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Denoising method for electrostatic dignal based on

sparse decomposition
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Abstract: The principle of engine electrostatic monitoring technology was introduced.
The complex noise components and types of electrostatic monitoring signals were analyzed.
The shortcomings of classical denoising methods were summarized. For the complex noise
filtering problem of electrostatic signals, a denoising method based on sparse decomposition
was proposed. The process of denoising method based on sparse decomposition was ana-
lyzed. The simulation signal and the electrostatic signal of real test vehicle were taken as the
analysis objects, and the denoising analysis was carried out by using the proposed method.
Compared with the example verification and the denoising effect of other classical methods,
the results show that the electrostatic signal denoising method based on sparse decomposition
has high flexibility, and can effectively remove the Gaussian white noise and power frequency
interference noise contained in the signal background, and retain the components of the useful

pulse signal. It has a good application effect on the complex electrostatic signal denoising.
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Fig. 1 Principle of aero-engine electrostatic monitoring
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Fig. 3 Frequency spectrum of electrostatic signal
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Fig.4 Principle diagram of sparse decomposition
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Fig. 8 Denoising result of db8 wavelet (level is 2)
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when K=10
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when K=20
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Fig. 14 Denoising result of sparse decomposition
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when K=10
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when K=30
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Fig. 20  Electrostatic signal of dropout fault
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after denoising

T —SE {55 10 B I RE 5 B O B R Dk e
{55407 (E AL BRUS 15 B B PO R R L HL LR
SR 22 T ] 8 93 i 7
5

& g

A SO M T L ROV A5 5 4 S I 2 B
KR XA R T PR J e T5 3k 4R T — A
5T L 0 e 09 15 7 KR Tk R i S
S I 3 A A S 0 BT 4R T YR AT T RIE L OF
5 H A 28 LA 25 IR DT Rk EAT T ORI X LG . i ECAY
e e A 5 25 M 53 A BT G 45 SR R ]

D) Fgior i 1§ i A5 o KR TE R AR &
F4 2R3 P O 7 S PR S B0 e Ol R L R T
LR RE RS HEAT A O B

2) o ik 0 R AR S K R DT X S
A K oh A5 5 0] LAAS 2 Of B L A i W e i
ARAF R A A T T BT L ORI R SR YRR AE
FRBOR 32 e TR 2R . 5% GEdk T/ N o pr
ul, EMD 7 25 W 08 75 95 A L . B T AR Y 2 1
BOR BRI AR R AL THEER Tk, BAE
KFE AR AR R S BT L B o i 2%
M 75 1) ALk R ASCRE A Xk A P Ao 7 3 A

S 3k :

[1] POWRIE H E G, MCNICHOLAS K. Gas path condition
monitoring during accelerated mission testing of a demon-
strator engine[ R]. ATAA 97-2904,1997.

[2] POWRIE H E G,FISHER C E. Monitoring of foreign ob-

[3]

(4]

[5]

7]

[10]

[11]

jects ingested into the intake of a gas turbine aero-engine
[C] // Proceedings of International Conference on Condi-
tion Monitoring. Piscataway, US;IEEE,1999:175-190.
NAVARRA K, LAWTON R, HEARRELL N. An enter-
prise strategy for implementing conditioned-based mainte-
nance plus (CBM+) research in the USAF[C] // Proceed-
ings of IEEE Aerospace Conference. Big Sky, US: IEEE,
2007.177-181.

SANGHA M S, YU D L,GOMM ] B. On-board monito-
ring and diagnosis for spark ignition engine air path via
adaptive neural networks[ J]. Journal of Automobile Engi-
neering,2006,220(11) :1641-1655.

POWRIE H E G,FISHER C E. Engine health monitoring:
Towards total prognostics| C] // Proceedings of IEEE Aero-
space Conference. Snowmass, US: IEEE,1999.:1112-1123.
SCHR e T R RN 9 A A R S LA O B R A
[DJ. pE 5%« f mUL 25T R K5, 2009,

WEN Zhenhua. Aero-engine gas path monitoring technolo-
gy based on electrostatic induction[ D]. Nanjing: Nanjing
University of Aeronautics and Astronautics, 2009, (in Chi-
nese)

VBT 20 TEAR XIS S . 4. A28 & s LR Al L5 5 2
WEorkfh g L], Bhag SR 5 T/, 2012, 12(28) . 7298-
7302.

JIANG Xiuxiu,ZUO Hongfu, LIU Pengpeng,et al. The re-
search of aero-engine exhaust electrostatic signal denoising
methods[ J]. Science Technology and Engineering,2012,12
(28):7298-7302. (in Chinese)

SCHRAE A HEAR AR AR S — RO = R S AL
M5 T ], B RO 23 A K K% % ik, 2009, 41 (2) : 248-
252.

WEN Zhenhua, ZUO Hongfu, LI Yaohua, et al. New
method for aero engine gas path monitoring[ J]. Journal of
Nanjing University of Aeronautics and Astronautics,
2009,41(2):248-252. (in Chinese)

TRE 2 HEAR AR L AR Sk O A A R 25 Y
SRR w6 B W AE S ROy [T, = B ) R,
2014,29(8):1996-2002.

ZHANG Ying, ZUO Hongfu, TONG Peisheng, et al. De-
noising method for electrostatic of monitoring signal of
roller bearing based on spectrum interpolation and differ-
ence spectrum of singular value[ J]. Journal of Aerospace
Power,2014,29(8):1996-2002. (in Chinese)

AR Z0 AR SCIR AR L BRI A R B BIL AR BURL G ER
DA ARSI [T]. 25 24 - 2009, 30(4) : 604-608

LI Yaohua,ZUO Hongfu, WEN Zhenhua, et al. Simulated
experiment of aircraft engine gas path debris monitoring
technology[ J]. Acta Aeronautica et Astronautica Sinica,
2009,30(4) :604-608. (in Chinese)

ZEMR AR e UEAR L AR R R W T Ok R S e [T .
fiias %4, 2010,31(6) :1156-1163.

LI Yaohua, ZUO Hongfu. Method for rub fault detection

based on electrostatic technique: model and simulated ex-



2582

i = 3

1%

e %33 %

[12]

[13]

[14]

[15]

periment [ J ]. Acta Aeronautica et Astronautica Sinica,
2010,31(6):1156-1163. (in Chinese)

FU Y, ZUO H F. Recognition for change-point of aero-
engine components based on projective transformation[ J].
Information Technology Journal,2014,13(2) :347-352.
FU Y, ZUO H F. Mean change-point model for aero-
engine component faults[ J]. Journal of Vibroengineeing,
2013,15(4):1627-1633.

BB VK ZE AR AT S R A 0 e R 3D B A R
PEALER L W S8 [T, AL A 3 M, 2016, 31 (12)
3054-3063.

YIN Yibing, ZUO Hongfu, FU Yu, et al. Experimental
study of electrostatic sensors airborne monitoring on tur-
bofan aero-engine[ J ]. Journal of Aerospace Power, 2016,
31(12):3054-3063. (in Chinese)

PENG F, YU D, LUO ]. Sparse signal decomposition

[16]

[17]

method based on multi-scale chirplet and its application to
the fault diagnosis of gearboxes[ J]. Journal of Mechanical
Engineering,2009,25(2) :549-557.

B IR, E R, AL (E SR B b g8 TR
i 4 R 23 [0, BRI 2% 42 . 2006, 28 (1) : 68-71.

SHAO Jun, YIN Zhongke, WANG Jianying,et al. Set par-
titioning of the over-complete dictionary in signal sparse
decomposition[ ] ]. Journal of the China Railway Society,
2006,28(1):68-71. (in Chinese)

THRE, g BRI P S5 R R 0 15 S A
f L. PG G A8 38 K2 24, 2005, 40(2) : 173-178.

YIN Zhongke, WANG Jianying, SHAO Jun. Sparse decom
position based on structural properties of a tom dictionary
[J]. Journal of Southwest Jiaotong University, 2005, 40
(2):173-178. (in Chinese)

(R TR A





