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Abstract: Due to the complexity of mechanical systems, the randomicity of the vibration signal behave on
different scales, making it necessary to analyze the vibration signal in a multi—scale way. In order to realize fault
feature extraction of airborne fuel pump, Fuzzy entropy is used as the basic feature of vibration signal of airborne
fuel pump, a new method of airborne fuel pumps fault diagnosis based on fuzzy information granulation (FIG)
and fuzzy entropy (FE) is put forward. Firstly, the FIG method is used to granulate the vibration signal and the
FIG particles made up of minimum, median, and maximum are obtained. Secondly, the FE of the particles is cal-
culated. The entropies are accordingly seen as the characteristic vector, then input to the particle swarm optimiza-
tion (PSO) — support vector machine (SVM) based classifier. Finally, the proposed method is applied to the air-
borne fuel pumps and bearing experimental data. The analysis results show that the proposed approach can effec-
tively achieve fault diagnosis.
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Fig. 7 PSOSVM diagnosis results of fuel pump (FE)
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Fig. 8 PSOSVM diagnosis results of fuel pump (FIGFE)

K A SCHR B 0y 70 1R /INR win = 319 FIGFE JF
2L AT 60 AN AE | B2 Wk BE A 1009%(60/60)
JIT A R RS Y A5 3 T IR A 1 4 2 o

JIT 2R A 3] 18 ML 2R T 2 e bR S 5 VR 3 il A
BRSO B TR IR G S G5 A dEL
KA RaE . Z B R G B A2, {5 5 1 Bl
PLIE R B AE 24 ROBE I, e Ak R A 8 B AY FE 90 (8 5
227 BE o6 b 4 R R AR B . AR SCHR Y R T FIG-
FE FRAE S IRl 2 76 0 R/ N win = 3°F %R IR
P ah 5 5 AT BOM 5 BoRLAL , 15 3 3 4 4R AF 15 B X 43
A S 1) AR Ak B A RO A S T LR R G 1 i
B fE B, 328 T FE S (E A RRAE S IRE ), IEI T 56 F
FIGFE i 81 5 5 e Ak £ B A R

4 #& it

AR SCEE A BORIE BB AL 55 A0 0 6 BIL R T 2R
RGP ENE S HEAT /AT B2 TR FIGFE 5 {H K i
J5 ¥k R Z2 A HURLAR 7 81 R X 4R 3h A5 5 19 4R AF ) i
HEAT T U2 BRI, IF BT N T ML R T R AR
Sl RS [ R A2 W, SR A SRR

(1) b JE T R B 5 A 42 IO VL T &, FIG-
FE J5 1% 38 8 KR Ak 7 2045 21 3 408 k46 7 51 19 15
S, T B A B S R A 1 i RN e A, B —
K 2 P .

(2)FIGFEFIL T B, S ER D HE LT H
P15 bR 1, T BORY R A ) A 3 4, Wik 1
B 22 B AR 1) St 3 B B TU AR Kovh g R e T
e IUNSBrgvA d



Ha1E: o

TR AL AR R B AL AR I 2R 2

2315

(3)2R FH PSO J5 At Ak SVM, ] LA Jiin v #ff b ik
BUSVM I8 B b AT S RO R B S 50, 48 =
T SVM 432568 7] -

(4) R FH AL AR I 22 32 40 B TR sh il 7k & 4 b A7
S3AT L IEW] T FIGFE SBVETEALI R G4k 21 15 5 FRAE £2
BT 8 38 R BT — 2 1
BB Bl AR A AR R R A B H L BRI
EE iR gl

S% 3
[0 UBEAR, B ML A B BRI SR WA %

P H S g T B AR L]. HREh WK 2
2017, 37(6): 1187-1194.
(2] T #.,% ¥,# Jb. EEMD Y5 NRS7E# 3K 3
HLEG 7 e W i i L. i zs 8 ) 244, 2018,
33(6): 1423-1431.
fEede, 5t B, GBI, AR . PLERIN AR IS W &
- aarsRly]. #Rsh 5 ey, 2017, 36(1): 120-128.

Logan D, Mathew J. Using the Correlation Dimension for

[3]

Vibration Fault Diagnosis of Rolling Element Bearings
[J]. Mechanical Systems & Signal Processing, 1996, 10
(3): 241-250.

ZEIAE, M A0S, ARSCHR, 45 A R EPLIRE S H
KERBERCTHTLI ] AL E, 2013, 30(9): 56-59.
Muralidharan V, Sugumaran V. Rough Set Based Rule

[5]

[6]
Learning and Fuzzy Classification of Wavelet Features for
Fault Diagnosis of Monoblock Centrifugal Pump[J]. Mea-
surement, 2013, 46(9): 3057-3063.

AT, ERL, Bk . AT EZENIEZEHEM

SR HT U AR BRI BT L) ). PLMAL 3, 2016, 40

(1):91-94.

[8 ] Z fx, sk, (LEA, % . BE¥ LB 4E5
TE RSP EE 2 Wb By L )], PR3l 5 wpeits, 2011,
30(10): 208-211.

(91 E£ vk, 2L, Brorde, 5. L TEFIEEHIE 4

B RO C M R AR SRR RS IRIT]. ST

T2£4H, 2015, 36(10): 1982-1990.

o, mIRAE, A A S F IR AR LM e R

B BHLA RS W R RIE S [)]. PUAR TR 24,

2005, 41(2): 142-147.

ARG, X R, 4 L BIORZHLF Rl A R ok

BOrHTLY]. B IEIALTE, 2011, 36(9): 64-67.

Pincus S M. Approximate Entropy as a Measure of Sys-

(7]

[10]

[11]

[12]
tem Complexity[J]. Proceedings of the National Academy
of Sciences of the United States of America, 1991, 88(6):

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

2297-2301.

Yan R, Gao R X. Approximate Entropy as a Diagnostic
Tool for Machine Health Monitoring[J]. Mechanical Sys-
tems and Signal Processing , 2007, 21(2) : 824-839.
Chen W, Wang Z, Xie H, et al. Characterization of Sur-
face EMG Signal Based on Fuzzy Entropy [J]. IEEE
Transactions on Neural Systems and Rehabilitation Engi-
neering , 2007, 15(2): 266-272.

FAF)T . BT ELM (¥ 3l il 7R GE 1k 5 R 4 77 i
B EWEGE[D ] gl 2 Bl ¥, 2018,
WOHLTE, PRORGR , EERAN, &5 . KR TP el AT A
HEZ 05 B VR s R i s Wi (], EREEOR , 2020, 41
(8). (DAI Hong-de, CHEN Qiang—qiang, DAI Shao-
wu, et al. A Rolling Bearing Fault Diagnosis Method
Based on Smoothness Priors Approach and Permutation
Entropy [J].  Journal of Propulsion Technology,
2020, 41(8).)

IR, 25, R ST, 4. T VMDY [ A
B 2 ROBEASER I K HC 78 1 3l iR IR 32 b /Y 1
[ iz sl 124, 2017, 32(7) : 1683-1689.

Zadeh L. A. Toward a Theory of Fuzzy Information Granula-
tion and Its Centrality in Human Reasoning and Fuzzy Log-
ic[J]. Fuzzy Sets and Systems, 1997, 90(2): 111-127.
PRomss , Ak, soute, 45 BT R AL A AL
A R 27 > AL 1A it 2 1k BB GR A R A U [ ] HE i $
A, 2020, 41(8). (CHEN Qiang—qiang, DAI Shao—wu,
DAI Hong-de, et al. Forecasting of Fuel Pump Perfor-
mance Trend Based on Decomposition—Granulation and
Optimized Extreme Learning Machine [J]. Journal of
Propulsion Technology, 2020, 41(8).)

R, A, B T T LCD MHESIE 89 R 2h
oK 2] R M52 W, 2014, 34(5)
802-806.

KRATAE, BRifdy, B4, &, 2 RUZEM G LT
VR Bl Rl 2 BT b g N (0], R sh DA AR,
2014, 27(1): 145-151.

Wu S, Wu P, Wu C, et al. Bearing Fault Diagnosis
Based on Multiscale Permutation Entropy and Support
Vector Machine[ J]. Entropy, 2012, 14(8): 1343-1356.
Garciagonzalo E, Fernandezmartinez J L. A Brief Histor-
ical Review of Particle Swarm Optimization (PSO) [J].
Journal of Bioinformatics & Intelligent Control, 2012, 1
(1): 3-16.

Smith W A, Randall R B. Rolling Element Bearing Diag-
nostics Using the Case Western Reserve University Data:
a Benchmark Study [J].
Processing, 2015, 64-65: 100-131.

Mechanical Systems and Signal

(%% .M BE)



