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A detection method for bearing faults of

marine motors based on multi-taper technique

QIU Chi-dong, TAN Yue,REN Guang

( College of Marine Engineering ,
Dalian Maritime University, Dalian 116026, China)

Abstract: A multi-taper technique-based detection method for
bearing faults of marine motors was developed to detect weak
eigenfrequency of stator current submerged in strong noises en-
vironment. The tradeoff problem between frequency resolution
and variance was studied, and the optimal tradeoff value was
chosen to be applied to detect motor bearing faults. The root
leakage of eigenfrequency was eliminated by selecting high ener-
gy tapers, and the shape of eigenfrequency was easy to be distin-
guishable. Simulation results show that the proposed method has
better antinoise performance comparing with the two other
methods. Tests validate the high frequency resolution and valid-
ity in detection for bearing faults of marine motors.
Key words: asynchronous motors; bearing fault; multi-taper
method; spectrum analysis; motor current signa-

ture analysis

= WrFs B #5:2008-06-26.

116026)

0 5 F

WG, B AL H T R v AR R R A R A LR
Rk 41% "M 3 T e MASAE 5 47 (MCSA) B9 77 35 2
HAUH As s BRI . %y st 2
SEHALE R S € F R AR RSB R X
LR /NBS R ST S AT B 8 5 SE
KRR SRR BT B R 5 B AT 007 i TABE S
BT RBERIMESTEEES — O RE, 54
BN RN B EE SR, TRERR K RE. &
TP Ag 7 A5 2 (FFT) 19 5735 4 HF 3 AR 78 557038
XM TAABEBEARAMEHNEAERNS R, Hk
F FFT A #0E TR A, By 22 K S 4E s
EMEXAE MEARSBRRMEMAITHENRZETS
BB R KRB EEY U R ESREBH L EE 4
L (MUSIC)™ HEBTER SR L &4 F A RESC .

AR o, R A PR MR &L
EREBRIBERGEE S, R, BB REEER
B EWREIFNETIEP AN RaRE . f
BETF R BAE R BBV R A &1 i, 525
MEBMENE FHBERA BRAE TR, 4 2R
FERTHFERFSHIRAIME, A CRERAZ
HETER LA BERFER RN . K158
AU, S A ¥ 558 58t 22 18] B9 B a4 .

1 ZHELTE

TE 38 W B9 S A 07 ik P, W ST R, —
FR ST Xt B 18] e 51 HEAT I T , 4R U5 B kAT 1 S 0k AR
B MRAHTINE , FESHIMEPHBERHIS
HFHEM RSB WA fHE - EEES R

BEHA &SR8 ¥R SR BT RS ¥ 8 B (20030151005) .
EEB A AR (1968 ), 5 3L T H A .8 2 $F . E-mail : qiuchidong@sina. com.



2 XEHEFREER

% 34 %

BB, T H S — KI5 #4530
GeitER M, HIk, B NBE ST T ERER
TEHCHUAR G M I A S A 3 O 22 2 A AT AL
L E T (MTM) & —F 85 25 5 20 P 3
ﬁb’r?ﬂi& REESTHEFH . ERAETRTHERAY
FEeHatr MIM BT LB LS F£R
Eﬁ%ﬁﬁxﬁ,ﬁﬁc%‘mﬁﬂ%t{:&ﬁ%ﬁﬁjﬁffﬁﬂlﬁjﬁ
HEEH™.
1.1 Slepian ¥ #E 8
Slepian 3t THEHHE LSS EBEP LB
MEISEEN W BEEFNEERE(- W, W) BE

1%  ~w 2
Ey = 55| 1 w™(H) 17df (1)
ﬂﬁ%ﬁ%’-#%
ZW =— K I;(f) df =1 (2)
RN F

EZWA w, EﬁM:.FZw =1

> (3)

ﬁﬂ%/]\%lﬂ@mﬁ%m%*ﬁﬂ%ﬁﬁB‘J%ﬁE
e :
Arxw(sk) — l(k) W(rk) (4)
Ho A, REXFRERE , RHE ) BARX FXERERIE

K,

ZW(J) (&) _ 8jk (5)

A it , Slepian ﬁﬁﬁ%ﬁfiﬂ@

Slepian B HERT 2NW — 1 MEEE L EHR
HEERRE, TREESFWRERSE S, EHRE
HEEWH) 0. Slepian F4E & ¥ 5 7 LU 7= d: — AR %
&1t 7%

S(N)(f) = Az | Ew(k)x ~2xifrAe |2 (6)

FRAE [ & wib %%%&ﬁﬁﬁ‘ﬁiﬁi}?ﬁJ(DPSS) SUFR
Fooh R AE ¥4 B - Slepian B4 & BT 4 4> 8 B E 0

1 B
0.015
0.010

0 005
0

-0.005

-0.010

B

0 5000 10000

Ve

15000 20000

Bl 1 Slepian HIBEEMB 4 M EHY

1.2 SHiES

ﬂﬁﬁ%ﬁ%ﬁﬁ%ﬁ%i%ﬁ%ﬁ I3 A F B fe)
R30I 378 8 B S PR R A . MBEAN K
< 2NW — 18,3 A HE]JL Slepian 08 5 77 LA 3548

REFRORERSE S . Bk, B A7 LUE LR

S = £ 28 () M
S0 FRAT HEL
W (f) = KZWiN’(f) (8)

Foob, E G TE 32 B BT B SBT3 A8 B SIS AN B
ZIEVE AL, B 5 R — i ST B 4T A5 3

SNV MATEMT (S(HR2)2E, 3 (F)
W R M F(S(2K) 25, W S () BIr /i
FEHE-THZEM e Bk, BHEMTERE—FF
W, B E T 2 N RE .

2 SEEAMEAEEN AL ED
o Hy B A
SHESMENSBES HE£HHNE

ZH G 43 BT 53 o PR R 7 2 2 18] # L 4 1E
NW BEERBTERENSESTIKE. £RypE
A, E WG NW = 2, 5IBERE R 3.

oA 5E H AL R B B2 T i AR AP O 5T SR 43 B
BIAEL, A SCERSE AT B8 19 W 7 Fe B AL R A B AR AE
FEHTHE, BEFS PR S0 H WEFEUR
WE {4 ZE P WEEL 3/1000 B9 25 Hz & 75 Hz B 5S4E 40
RBENIRFEIRMABE R O R 1 WIESSHAH; B
MR P R B Th B BT AUIE (AN 0. 5. SRR R s A
H FAEZEES T EEINHR ISR NE 2
PR .

2(a) WIES RS E N 2000 Hz, IE K F
H 8192 . B 2(b). () (d) B4 #TH K 1000
Hz, 3L Br 878 B /2 100 Hz RLF #8459 5038 .

BT 2 VT, A R R A /N, o e 2
Bl TREREENTHR, EREABRAED[E
2(b) ). BB M IE M E AN RIERE, BER
ESRAAR ML AL, 105 DSR2 8 B o R 1
RHFRAE , W LE R BB T, T 66k 3 s £
e AT (E B R, AR BE, BN RRAE AT R R
I RERUHETE [ 2(0)], SRR KIEL
AHEMES . ZAUEE N S i, 0l LUF BE TR
AYTEAR L 2(d) 1. LA (B 4k 22 48 K B, 485 fiE 47 R 5 69
AR R LA R R A . R, %

2.1



TR R F AT B H AT A AR WU R A R 3

%44
150 @RS
>
& 0
EI}
-150
0 25 50,075 100 125
N ©) NI k3T TR
G
m
2
i
o
e
R

60 80 100

B ER/IB He")

0 20 40 £/ Hz 60 80 100
(d) NW=8pK=15 I T E

L& B RENdB -HZ ")

0 20 40 f/Hz 60 80 100

B2 SBRANBEIESEABNEEMGIIZY
BN 8 X FAHESR K AR JI 8 A #), 7T 1A
35 7 (8 3 [X. 43 0 11 A7 28 5 A 28 o R R e 30

EE 2P, FMERER, EAFREME. 8%
BHEEN R E - BEKEARX K = 2NW - 13
BOEES() RS 15 MIEENRERREK R 1.
1.1.1.1,1.1.1.1.1.1, 0.9998. 0.9980. 0.9850.
0.9140. 3 12 ~ 15 4 M BIBETHEREDNT 1
T ARG M , I B v B4 R 5T 2R AR AR Ot 5
NI, EHFANEHEET 8 BT A T 11 468
BN 1 MBBEEXNEERIETERSRME, FET
AHE BT B AR A 2, B RN E 3 BT R 8
WIS

40

20

/(dB -Hz'")

Vi:p(
gl

I

0

kS

-20

0 20 40 60 80 100
f/Hz

B3 NW =8, K=11 xR

Hi & 3 WT4N,50 Hz B9 £ 38,25.75 Hz B RHE 5
REMTR, HERSEMERGEREHBNE
. ARES AT BRBFMEFERE S WRE,
A% £ 0.5 He, (BFESR R WA H 0 AR R K 25.75
Hz, H w2 .

B R B R E B8R, £ BT 0T 8 5 % KA
W MUSIC 3% i e s S nm 4 iR |
AR R T v o AR T O T A R 5 B 3 80,
MUSIC FEEAMNES TS MBS N 80. HE 4
AR, ZEESTETEBFEEENRRE SR
AR 3R , B2 5 IR M R R B B A A 4
R PR IE SR RAR, A5 HE, R FES 'Y
Pl ;s MUSIC J 8 AR L B A B 1 25 .75 Hz BYHR1E

AR BRI TE .
o 40 @ TE L
T 20
[as)]
=
® 0
};}g
20
" 0 50 100 150 200 250 300
f/Hz
2% ORI
5 |
m 20
<)
i
=
e
20 "
" 0 50 100 150 200 250 300
40 f/Hz
2 (c)MUSICH:
3
m 20 ¢
=
i
B 0
i
® 20 6750 100 150 200 230 300

f/hz

B4 SWESIWESEMT RABETERMLER

ERBERILT, EE B TEDREG RS
RRIRRNPR I URB /NG T %, KA B R
RYBRAR 5 PRRERE HE BE . K AR AE 15 5 10 SR B S B O
AR R, L 25 B 3 43 W 8 0 ST A5 3 P R A i B th
e, A0 RT3 0 O T, , L I AT 5 O 8 R 347 A
B8 ABFL A0S WA AR, 4R BT LIRS 8 o iR 5
S

KA FET 730, R RBEE SRR, Kk
FRARZE 53 B 69 i 22 . TR 25 B 0 43 Tk AT AR
B EEZE R S, X F BB R T S HIESW
T3k K 25 JO0E B IE 38 R AE M0 45



4 XEBEFRXREER

% 34 %

2.2 HHAHBEHNIEWR

HBRIEH AR, AR ELMG TR T BN
MAKENLE LRA=MHXRREEINSH.
I 3 kW, B EH E 380 V, 5% 50 Hz, EHRR
5.7 A,BUE #1450 r/min; |-XFTECH 2, BiRE S
N 6206. B B BRI R RGBS 6206 BITRIRIR

TRE—1.
B X b AR BARER AL B4 BT P AR B T IR SR
BoHH,
Xt FHMRE RGN
f. = 0.5N(1 - dycospld,) f, 9)

fo=d,ldi[1 - (dycospld,)]1f.  (10)
Hep . f, A% FURMAHEE ; N NIRRY G 4, MR
BHR2d, HRSMAYRER; 8 HRKMFEZ A
BB A
PR % B 9 2R R BLAE SE TR IR P B AR AR AR R
A
fug =1 fi £ mf, | (11)
Hr:f BBt BRI £, HRRNIRSIEE.
FA(9) ~ (11) A8 R BRI 45 0 0 A0
TESR 5514 65.166.179.282.293 Hz; SMEE 1 45
Xif B B R AE SR 2R Ry 39.128.142.217.234 Hz. & F
FFT MZE g5 BB 8 mEts i8R mE 5 pr
N

130 @FFTE T B R
1o |
m
o I
@ 9
g
70
30 6 50 100 150 200
f/Hz
< 40 (b)) F LTRSS 45
e
g 20 |
® oo |
4::_ 20 |
® 9 30 100 150 200
f/Hz

B5 EFFFTREWESMAENMREEE

1 5(a) &, REEE BN E 3 45 Br st BL B9 39
Hz FRES, BHEME R ik e 0%, ERRE
ELR LT Tk X 43 5 IR TR 45 A X 57 9 45 10F 47 =%
MTITw:ES. EE 5(b) BT 50 Hz #3150 Hz
BY = YOB I LA B 8 8 R A T AR Y 25,75 He

MIRFAE SRS, 35 7T L) 5 i #0F B 65 He AR IR
BRI AR A 2R, LA % 39 Hz MISRATH R Bk i 72
Hh BT S B AR A R AR 0 R A AR AR SRR

B FVREHOUE | SR FIAR KA 3 35 R AT o R84
TS, B AL T AR E AR R A AT I B 2
B JE . R AR R 3 o AT Th SR A T B 45 SR
Bl6 Frm. 7E & 6 v, X4 & [ 15 T 000 455 380 A B B
600 B, T3 FE B 39.65 Hz WASESZ [ B 6(a)];
25 5] 05 T 00 A 4 o 0% B B 800 B, AT LALF B
FHESR BRMHRT 11,120,135 Hz By thts] &
6(b)1. B 5 P ETEHESTEMEER FEHMR
MR REE RN TN ERRERZE, 5T
PR, AT A 0 e R S

E 40 (@) B E A B B HI5 B 600
g 20

o

s

M 20

&

0 50 100 150 200
Jf/Hz

B
(=]

(b) B [ENA TR AL B 4 25800

[\
[==)

R EH /(B He")

-20
0 50 100 150 200
f/Hz
B6 EFRABEXRNENMAUEIRE
3 % %

AJCWFFT T BT 2 B 44T I o AL R o i
FRERRFES RN . G R, e T
3B F T LRl AR R 2 T 0 B AR U AR B
BERAE 0 e AR AR , T BR T AR IE R R AR S MR, 18
RILHR G TR . 5WHERATEMNER LR, B
ETZHEESNEERBEERETRPHE/TERHFS
FHEFT RN XBRH, SHE ke
AR e LR AR R T P R A RIF R e R
SR
2% X %k (References) :

[1]SIDDIQUE A, YADAVA G S, SINGH B. A review of sta-
tor fault monitoring techniques of induction motors [J].
IEEE Transactions on Energy Conversion, 2005, 20 (1):
106-114.

[2]BR AR, £ % BF/MEEERSHEBEN M=
ETHBRE k()] REBFEREXR, 2007. 33
(4):81-85.



%44

R, F AT 5 F oM A A B R AR F 5

QIU Chi-dong, REN Guang. Stator fault diagnosis method
for marine electrical motors based on wavelet packets trans-
form and rough set theory[J]. Journal of Dalian Maritime
University, 2007, 33(4):81-85. (in Chinese)

[3]RAZIK H, DIDIER G. On the monitoring of the defects of
squirrel cage induction motors{ C]// IEEE Power Tech Con-
ference Proceedings, Bologna: IEEE Press, 2003,2:1-6.

(4l e, BRE. MG - BAMBME T REAEKRH

BESHFRHNMAL]. B REB 3L, 2004, 28(2):
62-66.
GUI Zhong-hua, HAN Feng-qin. Wavelet packet-maximum
entropy spectrum estimation and its application in turbine’s
fault diagnosis{J]. Automation of Electric Power Systems,
2004, 28 (2):62-66. (in Chinese)

[5]1E ,.% #. BEiail#RRBEEmy sl

w3 W 5128 ,2005, 25(4): 307-309.
XIA Li, FEI Qi. Fault detection of induction motor bearing
[J1. Journal of Vibration, Measurement & Diagnosis,
2005, 25 (4):307-309. (in Chinese)

[61BAME, %Ki, BTESIENKRERLER T ER

W], EEHLTR2MR, 2005, 25 (10):24-28.
CHEN Li-an, ZHANG Pei-ming. Early detection for short-
circuit fault in low-voltage systems based on morphology-
vwavelet[] ]. Proceedings of the CSEE, 2005, 25 (10):24-
28. (in Chinese)

[7IRIGOZO N R, ECHER E, NORDEMANN D J R, et al.
Comparative study between four classical spectral analysis
methods[J]. Applied Mathematics and Computation, 2005,
168(1): 411-430.

[8]BIRKELUNDA Y, HANSSENA A, POWERSB E J. Mul-
titaper estimators of polyspectra [ J]. Signal Processing,
2003, 83(3):545-559.

[9]JALLEN B, OTTEWILL A. Multi-taper spectral analysis in
gravitational wave data analysis[J]. General Relativity and
Gravitation, 2000, 32(3) :385-398.

[10]NANDI S, TOLIYAT H A. Fault diagnosis of electrical
machines-a review[ C1//Electric Machines and Drives, In-
ternational Conference IEMD’ 99. Seattle: IEEE Press,
1999:219-221.



