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IMF6  0.0244 0.0097 0.7970 0.2274  0.0006
IMF7 ~ 0.1659 0.0201 0.2364 0.7116 0.0003
IMF8  0.0420 0.0125 0.0268 0.0096 0.0002
IMF9  0.0007 0.0002 0.0133 0.0031 0.0001

— 761 —



EHOREIR 2021 457 H 531 % BT

4
=]

(=]

M /m/s?

|
wn
S

(c) MH ERAB)

M {H /m/s?

020 1

WA /m/s?

(d) SRS &

10 AR SEE ST

AR SCHE R BT, SR 7 A IMF 2 &
HEAT 22 RBEREAG T, o ik A5 m 02, AHA
ZBREE r BLO0. 1 SD, ¥ RERF R 6 A Ri{E
JPRHEIR R, O T AT S e ALY A I 25, ik
B4 T i A0 T i G5 o S 4 AL RN TE R R4 LA 40 4
FHEM &, IN3R 2 s, HAES5 K% 1.2.3,
4.5 SRR IEH AL RS RA 9 SO e
Jit 7 ST B A Bl AR N HEE

TRV e B 428 W) B, AR ST
Ff TR FE AR BT 1 BR B 12 W ) L, TR 224328 5 R
PRI G 523, X e 4a AL 3 SR 1 22432
R/, SR FH R 43 R SA0k  laod n A RORE A 540 )|
Zi4 ASFERLE) SVML, SVM2., SVM3 F1 SVM4, #1i
B R o TEREAHLEREE 23 28I, Jek e <A 5+
YIRS R AR BL AT 28 R, SR J5 FE 380 R SR Y 1Y TR 4
BT T —453 28, B3 SL LA 2R B R 4Ly 43
%,

— 762 —

E11 HIERE 53

SCRFI L S R ERPEZ IR R F « IS
8 o BUARISZIR , 3z TR B UL AR 8 s XA 5] IR
A% S E BUE AT 00 AL F REAL SR ) 4R £k
WEMT, KPS EWF 1 fl 2 450 1.5 f
1.7, FiBER /N 20, AR R BR200 2850 0 T B



GHIRAE B E R RGP & SR 2 W7 5T

R2 EHEUHISEREERE R &I SGREEAR

o EN %ﬁ'?f YIGRAEAS (A ) B
He KRE IMFL IMF2 IMF3 IMF4 IMF5 IMF6 IMF7
1 1 0.6541  0.5989  0.2479  0.1739  0.1019  0.1430  0.1583
% 3 1 0.6734  0.5861  0.2311  0.1812  0.1321  0.1563  0.1385
FE4AHL : : : : : i : : :
40 1 0.6381  0.5996  0.2383  0.1788  0.1373  0.1545  0.1205
0.5630  0.6538  0.2245  0.1546  0.0732  0.0758  0.0811
A 2 ) 0.5720  0.6789  0.2299  0.1435  0.0700  0.0557  0.0807
54 : : : : : : : : :
40 2 0.5618  0.6697  0.2612  0.1673  0.0827  0.0666  0.0834
0.0671  0.1029  0.0359  0.0549  0.1185  0.3102  0.2807
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Jilik:3 : : : : : ; : ; :
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w3l i : : : : : : : :
40 4 0.0397  0.2438  0.0479  0.0321  0.0410  0.1749  0.2532
0.1846  0.1983  0.0768  0.0389  0.0127  0.0020  0.0009
R R P ;) 5 0.1805  0.1800  0.0736  0.0421  0.0114  0.0016  0.0009
HEE ; ; : ; : ; : : :
40 5 0.1719  0.1909  0.0754  0.0364  0.0091  0.0016  0.0009
%3 HEREHKER
WA A EHEGN  WRRARY  CHERERE  WREERS WA R %
% gL 40 0 0 0 0 100
S A R 1 39 0 0 0 97.5
PR 0 40 0 0 100
WS HE A B 0 40 0 100
AR Al P HEE 0 0 40 100

AT LB T, BAHES N T ¢ MBS o B
HEBUEDY 1. 58 1 14. 10, SCH [ RAUBE BRI 2558
R 2T A JE R RSCR IR I , B — BT Y
B BEATRLRY , FUAG 5 FhIERLA 40 L% Wl 52
ReERALI 1) 70 RAR 28 -5 SR I AR 28 24T X
EO, FRGAHIL R 1 BRFE S0 R AR AR 3 FroR . A4
REW BRI IRA Y R PLE 1 AR
B, HABMNKREAER U HER , [N A SCRr$R12 Wi 7
T BE S B 2 P A 52 X0 s 4 L SHL 8 ) 3 S5k I 114 1A
PSR,

4 % #

AR S i o e PR A2 U 4 AL 7R A 2 e
ARSI 73 R AL SR BN 0 SRR T T HEST, St
TP T e R IR A H K BREGISWOR T i o 1ESE
WU & _ESEAT SR, IR SCRBEAT DL 45
#o

(1) 2R R IR S E SR a1t
B, 1 EEMD B84 32 2 7S IR i 2 3 A9
IMF Jp i JF H A M IR {E & 09 0. 3 SD i AEHUA
BRI RRCR o

— 763 —



EHAREIR 202147 A $31% BT

(2) 2 RUE A BE AT R AE TR 2 ML IR 3 15
SRR, HHIRALER m T 2 AU R BIE r
0.1 SD,7ERJER T 6 T AN 1 X 70 i W1 2., 4%
IMF Jp B 7E_FRZ BT AREAS I AT A i 3 Bk b Y
AL 1] £

(3) M08 i ARPAIE [ B BEAT S35 1) B2 LA Y
WGk, I3 iR DG A 5k o A8 B A5 1] A 1 A
SR, SRR R W2 W 5 T RE R U 4% 28
LY ) K R

2 S 3 % T R4 DL S ] 3 e B e AL
FEMRARBIE 5 150 A, B H Al 2 B I A Ak i BB ol
TEBRBE PRI %, O B A R SR 4 HL ] &
BREA I ESAI P B T — 28 AT T RS

S 3k

[ 1] Yang B S, Hwang W W, Kim D J, et al. Condition clas-
sification of small reciprocating compressor for refrigera-
tors using artificial neural networks and support vector
machines[ J]. Mechanical Systems and Signal Processing,
2005, 19(2) : 371-390

[ 2] Lin YH, Lee W S,Wu C Y. Automated fault classifica-
tion of reciprocating compressors from vibration data: a
case study on optimization using genetic algorithm [ J].
Procedia Engineering, 2014, 79 . 355-361

[ 3] Potocnik P, Govekar E. Semi-supervised vibration-based
classification and condition monitoring of compressors
[J]. Mechanical Systems and Signal Processing, 2017,
93. 51-65

[ 4] Qi GQ, Zhu Z Q, Erginhu K. Fault-diagnosis for recip-
rocating compressors using big data and machine learning
[J]. Simulation Modelling Practice and Theory, 2018,
80: 104-127

[ 5] LiXY, Peng XY, Zhang Z T, et al. A new method for
nondestructive fault diagnosis of reciprocating compressor
by means of strain-based p-V diagram [ J]. Mechanical
Systems and Signal Processing, 2019, 133 . 106268

[ 6] 5kM, Tk, HTZUERE MRS
BEZWrr k[ T]. PUBR TR %4R,2017,53(23) ;: 46-52

[ 7] Zhao HY, Wang J D, Han H, et al. A feature extraction
method based on HLMD and MFE for bearing clearance
fault of reciprocating compressor [ J |. Measurement,
2016, 89 3443

— 764 —

[ 8] Ali S M, Hui K H, Hee L M, et al. Automated valve
fault detection based on acoustic emission parameters and
support vector machine[ J]. Alexandria Engineering Jour-
nal, 2018, 57 491498

[ 9] Cabrera D, Guaman A, Zhang S, et al. Bayesian ap-
proach and time series dimensionality reduction to LSTM-
based model-building for fault diagnosis of a reciprocating
compressor| J |. Neurocomputing , 2020, 380 51-66

[10] Tan D P, Zhang L. B. A WP-based nonlinear vibration
sensing method for invisible liquid steel slag detection
[J]. Sensors and Actuators B: Chemical, 2014, 202.
1257-1269

[11] E4%%, 2552, iKUK, 2T EEMD FEAREHI GK B
RLMPIEFEIRBI[T]. EYLK T, 2013, 24
(22) . 3036-3040

[12] Wu Z H, Huang N E. Ensemble empirical mode decom-
position: a noise-assisted data analysis method [ J]. Ad-
vances in Adaptive Data Analysis, 2009,1:1-41

[13] sk JBVLHE, SBRIE, 55, HESUR 1 Ik 3l i 42 A
AEAX R AW BT[], PEIM TR,
2018,29(17) :2060-2068

[14] Zhao S F, Liang L, Xu G H, et al. Quantitative diagno-
sis of a spall-like fault of a rolling element bearing by em-
pirical mode decomposition and the approximate entropy
method[ J]. Mechanical Systems and Signal Processing,
2013, 40. 154-177

[15] Zheng J D, Cheng J S, Yang Y. A rolling bearing fault
diagnosis approach based on LCD and fuzzy entropy [ J].
Mechanism and Machine Theory, 2013, 70 . 441453

[16] Ni Q, Feng K, Wang K S, et al. A case study of sample
entropy analysis to the fault detection of bearing in wind
turbine[ J]. Case Studies in Engineering Failure Analysis,
2017, 9. 99-111

[17] ARBRLT, sk, PNE DT, LT RS n 2 g
12 AN B A5 SRR R BT L[ T]. mHoRE
11,2018 ,28(1) :22-28

[18] Bordoloi D J, Tiwari R. Support vector machine based
optimization of multi-fault classification of gears with evo-
lutionary algorithms from time-frequency vibration data
[J]. Measurement, 2014, 55. 1-14

[19] Vapnik V N. The Nature of Statistical Learning Theory
[M]. New York: Springer, 1998.401-492

[20] E4ENI, X054 2 BB T REOL AL B9 S i AL



GHIRAE B E R RGP & SR 2 W7 5T

HEE G B2 MR A [T]. #R3h TR ¥R,
2013,26(5) :743-750

A diagnosis method for manufacturing defects of

hermetic reciprocating compressor

Jin Huagiang* ™ , Sun Zhe™ , Gu Jiangping” , Huang Yuejin ™ , Zhang Xiaojiao™ ,
Wang Xinlei ™, Zheng Aiwu ™ , Shen Xi™
( " College of Education, Zhejiang University of Technology, Hangzhou 310023 )
( ™ College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023 )
( ™" Department of Agricultural and Biological Engineering, University of Illinois
at Urbana-Champaign, Urbana IL 61801)
( ™ JiaXiPera Compressor Co. Ltd, Jiaxing 314011)
Abstract

As the core component of the refrigeration system, the quality of hermetic reciprocating compressor determines
the energy efficiency level, silent effect, and product life of the whole system. In the manufacturing process of the
production line, in order to solve the shortcomings that it is difficult to identify the defective product due to the
characteristics of the hermetic structure, this paper proposes a diagnosis method for manufacturing defects based on
the vibration signal of the compressor shell. First, the ensemble empirical mode decomposition (EEMD) is used to
spectrally decompose the vibration signal. Furthermore, the multiscale sample entropy ( MSE) is utilized to charac-
terize the complexity of each intrinsic mode function (IMF) at different scales, and the values are used as the fea-
ture vector. Finally, the support vector machine (SVM) is used to complete the classification of manufacturing de-
fects. Experimental results show that the detection the proposed method can accurately identify and classify typical
manufacturing defects, and provide relevant theoretical and testing base for the online detection of hermetic refrige-
ration compressors.

Key words: hermetic compressor, manufacturing defect, ensemble empirical mode decomposition (EEMD) ,

multiscale sample entropy ( MSE) , support vector machine (SVM)
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