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Table 1 Parameters of generator for test

" BE B8
R /V /A B8/ (remin™) IR /KW s
Y132M-4 380 15.4 1440 7.5 0.04
Y100L1-4 380 5.0 1440 23 0.04
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Fig.1 Spectrums of analytical admittance when
generator operates normally
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Fig.2 Spectrums of analytical admittance when single

broken bar fault occurs,before and after filtering
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Fig.4 Spectrums of analytical admittance when
single broken bar fault and eccentricity fault
occur, before and after filtering
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Fig.5 Spectrums of analytical admittance when
double broken bar fault and eccentricity fault
occur, before and after filtering
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Fig.6 Spectrums of analytical admittance when triple
broken bar fault and eccentricity fault occur,
before and after filtering
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Table 2 Fundamental parameters of stator current

o paes e B R
e o Wil /A B /My HIDE ) e
B 1 AR ZS + Do 6.4 50 -0.6
BT 3 MUK Z% + Do 6.8 50 2.8

K8 & W] MM Prony 3835 5K H RS 4L
oy 3 25 E HL T 2 I AT E A A S A A 1 AN X
A RCH D T REE TR T EL AT LA R S I A 2R



@ ® 0 8 & iR B

$£36%E

02 r
BT 1 AR A% + i

0.1 f iy
=2 i A 2f, A 3f
S B w——/y( AC_,
Z 04
1=

0.2

(=]

B / Ha,

B 8 RAMHEXFHENSNGEE
Fig.8 Spectrums of analytical admittance after
improved algorithm is adopted

LWL LSS 7 W 2% AR O R D 1.6 715 R 2 AL
MY RR R — R s s s W i, 7 2L
R BRI R A R AR G R 2 R X
Y5 5 SEATO A AR R, B9 MR AT 3
HR BT 2% I s 75 0 T 4y a2 66 00 001 23 RS2 o 5 40T R
AH2E +0.1 Hz B 2 Wi RCR B, B AR 0.1 Hz 190 22
SEZY N8 A T AR S o X = R NS
W2 W RE T, PG R FH 2% AR Prony 715 BRS #0
RS 3 & S

1.0
2sfi
g 03 01=49.9Hz
~ 0
g 1.0 -
= ST
0.3 [ w;=50.1Hz
0 . ;
10 20 30 40
$5% / Hz,

9 fRTEE IR E I HREIR A L5 R0
Fig.9 Influence of given fundamental frequency
on fault identification

3 ik

AR SCHR AT E T i b 982 W S D LR
T WA 0 LA SR AR T 1 B M S g 2
SRR R 1 I A% R I AR AT S N A
TIF R AR 38 2 sf, 5 A D O WO I AT 2 0 A
AR BRI f, 5 AR B T 02 RN i BT
9 AR AR B R 2 of, R mf; ACE] LIAE 2
W FLBILEG 1B A A s (e T R Al
P B AR AR 3 BN 0, 5 I T Hilbert A5 575
Park KRR T TIA L B FFHZER Prony
SR 3 R e B R s TR R T
oA B X 4 T UM R AR LU R ik L R T
fifp Ay 5 94 B 5 TR B2 B DT Yk | RERE AT 02 W i T
B — W I R O 5 AR O o R LT (1 R T AR
W B ) HAT AT R0 00 16 28 e D g

SEH .

[1] WAFHE KRB M 5275, 3T RPROP #2245 53k 14 57 45 s sh L
R W], B A s ki £ ,2012,32(1) :90-93.

YANG Cunxiang,ZHU Chen, XIE Haojie. Fault diagnosis based on
RPROP neural network for asynchronous motor[J]. Electric Power
Automation Equipment,2012,32(1):90-93.

R A R, BT AT N AR B 5 kA R T S 4D L Bl
HLEG W AR 3 7 i [0, W0 A1 3k B2 ,2004,24(12) :16-19.
LI Tianyun,LI Nan,ZHAO Yan. New method based on analytic

wavelet transform to detect rotor bar breaking fault of squirrel cage

—
(3]
[

asynchronous [J]. Electric Power Automation Equipment, 2004 , 24
(12):16-19.

BWF, AR R R, — Bl Tl B 09 525 B AL 2 W 7
B). BT HREH,2014,29(5) - 189-196.

ZHAO Yan,LI Zhimin,LI Tianyun. A method for fault diagnosis of
induction motors based on spectral kurtosis[J]. Transactions of
China Electrotechnical Society,2014,29(5) : 189-196.

NANDI S,TOLIYAT H A,LI X. Condition monitoring and fault
diagnosis of electrical motors—a review[J]. IEEE Transactions on
Energy Converts,2005,20(4):719-729.

BEFR AotAe X AR /N - S (B O R TE D L B T R
FEAESRECH RN ()], A E HPL TR A#41),2005,25(19) : 111-
115.

LIANG Lin,XU Guanghua,LIU Dan,et al. A feature extraction

—
w
[

S

—
W
[

method of rotor faults of induction motor based on continuous
wavelet transform and singular value decomposition[]J]. Proceedings
of the CSEE,2005,25(19):111-115.
(6] slMEfy  XIPR24, 56T EI5E 0 (4 sl L BRI (). v ) R GEfR
5 ,2010,38(20) : 145-147.
ZHANG Xiongxi, LIU Zhenxing. Fault detection for motor based on
cepstrum analysis[] ]. Power System Protection and Control,2010,38
(20):145-147.
[7] CRUZ S M A,CARDOSO A J M. Rotor cage fault diagnosis in
three-phase induction motors by extend Park’s vector approach[]J ].
Electric Machines and Power Systems,2000,28(3) :289-299.
CRUZ S M A,CARDOSO A ]J M. Stator winding fault diagnosis in

three-phase synchronous and asynchronous motors by the extend

—
oo
[l

Park’s vector approach[J]. IEEE Transactions on Industry

Applications,2001,37(5) :1227-1233.

AR THITURR SR T, 2T Hilbert B2 50450 1% 43 87 19 5 26 B 8 Bl

By MO e L S 2 W7k 1)), P E AL TR 52 4R ,2003,23

(7):158-161.

LIU Zhenxing, YIN Xianggen,ZHANG Zhe. On-line monitoring and

diagnosis way based on spectrum analysis of Hilbert modulus

induction motors[J]. Proceedings of the CSEE,2003,23 (7):158-

161.

[10] MRS FHIAR 5RAT 45, 56T B i ) 3845 5 4503 43 AT 1 BLE
5 B AL 7 SRR AE LR A2 I s (T, P E AL AR AR
2003,23(10) :148-152.

LIU Zhenxing,YIN Xianggen,ZHANG Zhe,et al. On-line rotor

fault diagnosis way based on spectrum analysis of instantaneous

—
=)
[}

power in squirrel cage induction motors[J]. Proceedings of the
CSEE,2003,23(10) : 148-152.

[T 55 , eot B I | 45 IR 50 2% 42 e i A0 4o 7 S8R L AL 7 i
B2 95 v 0 9P (7). +h I BL T AR 44 4R, 2009,29(12) :99-103.
FANG Fang,YANG Shiyuan,HOU Xinguo,et al. Application of
Park’s vector rotating transformation for stator fault diagnosis in
induction motor[J]. Proceedings of the CSEE,2009,29(12):99-103.

[12] X% B g BH, 45, J6 T RELAX #9035 23 A7 77 12: 19 [ X 5



% 8

O T AT S 40 0 RO R AL I T (75)

[13

[15

[16

[17

]

[

[

]

[

L T REZ ], P E LT R 24, 2006,26(22)
146-150.

LIU Zhenxing, WEI Yu,ZHAO Min,et al. Fault diagnosis way
based on RELAX spectrum analysis in squirrel cage induction
motors[J]. Proceedings of the CSEE,2006,26(22) :146-150.
EEEEE R kB SE SRR G B TR R LA TR Y
SR L T T AR RS IR ()], FP AL AR, 2012,32(30) :
73-81.

WANG Panpan,SHI Liping,ZHANG Yong,et al. Broken rotor
bar fault diagnosis of induction motors using a hybrid bare-
bones particle swarm optimization algorithm [J]. Proceedings of the
CSEE,2012,32(30) :73-81.

AR ROt X0 AR /N AT S (E A AE S 2 F LR
FAESIRCP AR [T). b B AL T R4 42 ,2005,25(19) : 111-115.
LIANG Lin,XU Guanghua,LIU Dan,et al. Broken rotor bar fault
diagnosis of induction motors using a hybrid bare-bones particle
swarm optimization algorithm[J]. Proceedings of the CSEE,2005,25
(19):111-115.

NI VAR AR, HE T MUSIC 5 SAA #9588 55 45 B &)y
HLEE T T A5 A [ ). W TR 24412, 2012,27(12) :205-212.
SUN Liling,XU Bogiang,LI Zhiyuan. A MUSIC-SAA-based
detection method for broken rotor bar fault in induction motors
[J]. Transactions of China Electrotechnical Society,2012,27(12):
205-212.

EUN T o (S b e S a2 N S E R Y E LR I N
SAH R FTVL 0 520 . sh WL 7 A B i [ ). MLA TR A
#2,2012,48(13) :89-95.

SUN Liling,XU Bogiang,LI Zhiyuan. Detection of rotor fault in
induction motors by combining estimation of signal parameters via
rotational invariance technique and pattern search algorithm [J].
Journal of Mechanical Engineering,2012,48(13):89-95.

SR K S A /N 4 AT O 1 9 kR B
JEE RO AE [T, P B L TR 41,2003 ,23(5) : 75-79.

PENG Zhike,HE Yongyong, LU Qing,et al. Using wavelet method
to analyze fault features of rub rotor in generator[J]. Proceedings of

the CSEE,2003,23(5) :75-79.

[18] YAN R,GAO R. Hilbert-Huang transform-based vibration signal
analysis for machine health monitoring[J]. IEEE Transactions on
Instrumentation and Measurement ,2006,55(6) :2320-2329.

[19] el | B am . g o LB I O OB B S0 25 3R R SR (],
[ ML T 2441 ,2013,33(6) :93-98.

BAO Xiaohua,LU Qiang. Review and prospect of air-gap
eccentricity faults in induction machines[]]. Proceedings of the
CSEE,2013,33(6) :93-98.

[20] LIU Zhenxing,YIN Xianggen,ZHANG Zhe,et al. Online rotor
mixed fault diagnosis way based on spectrum analysis of
instantaneous power in squirrel cage induction motors[]J]. IEEE
Transactions on Energy Conversion,2004,19(3) :485-490.

[21] 705 M1 o0 30 | 55 . Zoom-Prony J5 ¥ J H 7 5% K 4% ik
WP B B A T PR R [)). H TR 2441, 2009,24(10) ¢
176-182.

FANG Fang,YANG Shiyuan,HOU Xinguo,et al. Zoom-Prony’s
method and its application in quantitative evaluation of induction
machine rotor broken-bar fault[]J]. Transactions of China Electro-

technical Society,2009,24(10):176-182.

[22] sk Btik, ARAE S AL H M ], b st 0 42 K2 A 2002
119-125.

(23] B UL, WAL, 4= TR Prony B3 ¥k 1w R BE I AU [T . dy
N ,2007,26(4) :97-100.
HUANG Yunjiang, XIE Weibo. Precise harmonic analysis based
on iterative Prony method [J]. Electrotechnical Application,2007,
26(4):97-100.

ERE .

E  #$H(1989—), B i AR MA R
ik EENFENKEL WAL A L%
T 5 7 @R A

K957 —), B, THAREA XK
# WX BEEE KFR ks $
J 22 B B R AV 2R % R A A
A 5 T AF (E-mail ; cheng_lub@163.com) ,

Induction generator fault diagnosis based on analytical admittance
WANG Zhen'?,LI Cheng'?, WANG Lei*, CHEN Xu?,LI Huizhang?

(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology,Huazhong University of Science

and Technology, Wuhan 430074 ,China;2. School of Electrical and Electronic Engineering, Huazhong University of
Science and Technology , Wuhan 430074, China)
Abstract: The stator analytical admittance is proposed to identify the broken bar fault,eccentricity fault

and mixed faults of inductor generator rotor. The phase shift function of Hilbert transform is applied to

obtain the analytical voltage and current for constructing the analytical admittance,from which,the fault

characteristic frequency is extracted. For minimizing hardware cost,the iterative Prony algorithm is adopted

to accurately obtain the fundamental parameters and construct the analytical voltage. Theoretical analysis

and experimental results show that the proposed method can online identify single or mixed faults of

inductor generator effectively.

Key words: electric generators; Hilbert transform; analytical admittance; fault characteristic frequency; mixed

faults; iterative Prony algorithm
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