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AN INTEGRATED APPROACH TO FAULT
DIAGNOSIS AND ANALYSIS OF
ASYNCHRONOUS MOTOR

ABSTRACT

Through to study the domestic and foreign paper about the fault
diagnostic method of asynchronous motors, the topic has been established
from research of the minor faulty analysis and its faulty equivalent model
about asynchronous squirrel cage induction motor. At the same time, we
design the experimentation and confirmatory measurements in the
laboratory. » |

In view of faulty characteristic of asynchronous squirrel cage induction
motor, we enumerate and analyzed the faulty model about the vibration fault
and the stator current fault. Moreover, we enumerate each kind of faulty
reason. Base on the faulty characteristic of asynchronous motor, we discuss
the faulty cause of asynchronous motor and corresponding method of fault
diagnosis.

Model-based fault diagnosis of asynchronous motor, we enumerate
model of the well-found motor, and analyze that it become void in fault.
Meanwhile, we discuss a new motor model, which is about the squirrel cage
in the minor fault.

In the process, we design the experimentation and confirmatory
measurements in the laboratory. In order to achieve a precision
experimentation, we discuss diagnostic methods which include the testing
devices, the testing methods, the measuring instruments, the measuring
points, the sensors and the data processing, thus we obtain the effective fault
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diagnostic result. Comparing efficacy of the methods, we confirm the
traditional diagnostic methods are validity in the bearing fault of the
electromotor.

Among the former fault diagnosis, as a result of technological
development and condition limit, the fault diagnostic technology mainly
concentrate on the later fault diagnosis. We discuss the model of squirrel
cage in the minor fault and use some corresponding methods, analyze the
test results. The test results indicate the squirrel cage faulty characteristic is
difference between minor and average. The fault characteristic frequency of
the idling situation is more obvious than the moving load, but its data
difference is not remarkable. And we discuss the corresponding theory. We
obtain the reason why the squirrel cage fault diagnosis is not high validity in
the minor fault. _

With the electronic technology is widespread application, the
technology of faulty monitor is required more and more highly. We must use
the multi-sensor fusion technology in the fault diagnosis. Because the faulty
characteristic of equipment is nonlinear and the faulty cause is multiple, it is
unable to realize while it merely depends on one kind of theory or one
method. Therefore, the fault diagnostic system of integral intelligence will
certainly become a new tendency of fault diagnostic technology. Thus the
multi-sensor data fusion technology will certainly become an important
direction in fault diagnosis. We proposed the testing frame of fault diagnosis
which is based on the multi-sensor fusion technology. In the further, it could
offer for a few ideas for diagnostic methods. '

KEY WORDS: asynchronous motor, fault diagnosis, equivalent model,
multi-sensor fusion
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EFHER HEE 9.51 |- 9.27 8. 53 8. 86
174 ERE 9. 45 8.91 8. 61 9.18
‘ HExmE | 0.63% 4.04% —0.93% | -3.49%
FrympEE | rEE 56.6 54.7 47.4 51.8
T INM S | 55.4 51.9 47.3 52.2
- MR RE [ 2.17% 5. 39% 0.21% -0.77%
WAThER WHEE 9444 9111 - 7893 8624
PIW LIE 9500 9025 8365 9008

1

HAAHEZE | -0.59% 0. 95% ~5. 64% -4, 26%
TheE [ ¥ WEME | 0.871 0. 862 0.813 0. 854
cosp LIS 0. 882 0. 889 0. 852 0. 861
A mE | -1.25% -3. 04% -4, 60% -0. 78%

MERERILUBE, TRERFMNTEERESNEF: R, ERERBER
SHHTERERS BN ERSHATRLUS: ZN, FOEmCERETH
AFEER S, RIS R BHUE USR], BEEEHA T, HHERHRIZ

a3, EAHRAREHBE TR BREFENNLERET.

Bk, R AP BIARER SRR, XK IELR sE  R
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BOEF: ST M BRI LR, AERLEENRLENL,
4.3 BT FMEET IR FHARMRES

SR EPNABIIUN . KRN RN BETR, ARHERNT
P B A,

4.3.1 BT SRMFMBNET TR BT

BT RENEGREAFETIRENRE, WHE 43,

B 4-3 HF3& J RN AN T O FR e
@ #FF& i PEBRAFERNA; 0 #7545 ) PAmEAHER
© HFFE ) BRFERHAL; O B354 ] 5RFHARA
Fig.4-3 . The equivalent circuit of the rotor bar j breaks slowly
(a) among rotor bar j has the weary fissure situation; (b) among rotor bar j breaks the
situation; (¢) the rotor bar j and end ring fault soldered joint situation; (d) The rotor bar j and

end ring broken situaticn

YRR HIRRIHIER, BNIPEFFRABREC, SHER, HE, BED

B 2o B A R R .
c- 54
;

R o —REENRPHEN N ERE, EFSFe=1;
£, ——EEPNBEEHF/m) , 5 =885x10™2F/m;

4-1
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& -~ AR AR [7] BE 5 (m);

W4, HEPIRETSEARRENMAN, BIKHSEERRBERIRE
Rk, HBAREIEFUNRERETR, HTFHATRLEC,. K, F—=
FREROERET, THEHARERER, . '

R, REPEFH At R R

=~ ‘ 42
A
A p-BEEQ -m;
KB m,
A BT AR

AR, SRS TFIERERERSISHAHAERE, JREENMN
Kit, BEHMNSESRNEEKERNIL, RORFEILSHNNEBET R, &
A EH TR R, .

e FiPlis T S EAMENR, BE LRSI HSXCRENEENEFTNE
OFEEC MB@FBREC, . X, RBERBEPTEERBTMR. BERMER
iLEREE, ATRA 4.2.1 BRI RSN,

HTESAHRUEFRLXENBBRESERR, B4-3 P@BHET 54
BHRBEMER R, O0) ST ST ENENEREE: ©OFHTIEER
FAHRRBIERHE, (0 ST S5 SRFEMHRO SR AN,

4.3. 2 BT WA RNB L I EITY 8k

FrmBn R RIS, W 44,

4-4 TR HRE T B e AT
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(a) TR b M BRI F RRMHA; ) #-TFRmmEanl
Fig.4-4 the slow broken expression of the end ring

(a) the end ring appears weary fissure situation; (b) the end ring broken situation

FTRFGROETIRENHET, LEIHMNEFRARREE AR,
A TRASHMEEREEENA, BhREETHASRYAERD
K, BUERATEREC, . BN, BTRA—SRRENNEERS, TSR
PBEAE R, .

LB TR RS, BIE_ERHAT 18 1 S s Bk O B 2 0 e A
OFREF, X, WEREKEHUENOBETM. HERGHERB LR, AR
42.1 REMTEER.

4.4 REN TP B FhHL 58 28 BE R B F 0 B i

SRS HHNERETH, BT TRARESHNRAFHHRRES, &
FHANBBZER-E—ENMT. SHRREN. ZRRAEBERLFETH
ERBSE—, HEBEXHRRTIEIETI, Sl THSNEE, FAHT
HRHNANTE, AXAERR.

4.5 INGE

AEBEN N REARS REYIEE. WEHRRBHR, FiTT EAERNF LS Bz
HRIER R, EATRERRL B &, W2 BT, it T T
FRRE, GEEEFEANFESNEE. RS, REREEBENEER
MERBRE . ERRETHFBREAERHBNKET R+, BRLSHHEY, &
MNTREFERNME, FESEGEE ANFERFIEasbt, BEEnk
LRSS HEfE g

BT ERFAHMNRE, FRBIVYRELTEETABRERLTNN. £E
AWERRRE, ABTRERIVE sy AR RARE.
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AFEE T RFRLHFAELMRI

FLE RPBIPNHMEESHESNES I

5.1 R RIHIMIR A Rt

B ERF S BV RER VTR, SEROEHERE. TELRS
FOAEN R XA R BRI BT R R

ERRBARP, BB RENN LN T TR,

1. REE —MkR, RRSRSEARRT. BNER, HRBESERN,
S5RBESEXRFIFTHREBRAELRA.

2 R AERTRERTEE A, 2RISR M A R AR W R

3. RUEE EAARSHE -ENAHEE ERFEENRESHAKRE

HAIR R

4, Y TREERUBRESSGEMENHRHT, ERENERTER
HETHRERIBE S «

5. WHE AERSMRRERTAERRALSEIERE-BNEE.

6. MEHR HBBELZFEETHIETN, i, SuEFEEuNE. &
K5EEXNEE, LEAAGESNNERNERRNE.

7. ERME RERERBNRTRRMEHES. R ZRRE. MREE.
GTHE. ETERFEM.

B X 7 REIHLRB AT R LM A T EN LS, BREEHERELR
B, #E5LREREEMN, RITT 16 FEMALHEENBOIREASL. Him

@ 5-1;
=
- nap
¥aE et

r Zaan Lm:

e

ST P

A 5-1 RERELHE

1

o8

Fig.5-1 the distributive map of test equipment

AR E AR B RHE
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I RAT hienE, SEBERAERRTESNNE, AANET LES
EEENEN AN EH GIESNSHERTE), BETHARRE. T
ARG, X% T HARA ML SRS EERNENTE. SRETH
VO ESRN AR, DHWE BRI RREIAEN NI BN EREE.
O LI SR B o A BB R R T & BT
ERBEMA T RERERTH, HMALRE— Ry aERRA, BREBEE
88 A A A, R R B T

2. R T ZA—AHMEREH A BARDONE, ARMERRFA=A =%
— G IR R AR RS B A UR AR AN, FIRTEATIR . SRk
KPEE T BBITA, 535 A EXTAIRIRR OB, WS RN
R TR, RARMME TURENGREXEN R, BTSARSIRR
&, FHBREOEE. SELTARHEAGER. BN, FHTRRER
HRORENR, BTV,

3. RABMHZNBENHE, BT AREN SRR LA, f
DUBRR RN SRR, SR, R RSN A NRLN . U,
SRSRATHRARMNE, TARRE, BIRERNHDBOREAR, 4
R TGS AT, BRI,

4 RESTENEE, REERTAEER, bTUEE S RERT A,
Mz WA B EMERE, HARSEY 10kHz,

52 AR AR

ATREVR, RIEARENEMFRETARE, HEGHS5RBMT.

5.2.1 REXFK BN

A 51 Zpehd 5
Table 5-1.the type of test electromotor
R Y160M, -8 TAEE: S, bRHE TB/T9616-1999
Ih#. 5.5KW mE: 380V B A
Hifl: 14A B4 1P44 H#HER: B
#E: 710r/min #ZE: 50Hz
8. 120kg EE. 69dB(A)
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RRFAFE LRES, HALMET LGRS EH—HET.

5. 2.2 MESR
A5 RRAEHELEN S
Table 5-2 .the type of test magnetic powder coupling
#5.CZ20 HEHEH: 200N -m WENE, KW
WG AL2A EE: 60kg P EiRHE: JBTS98P-92

PR rR L AR 2 e S SR P B R R A AL R S BT S B B A LR e
DURRE S W P 22 SR P bR LS SE I S BOR S BIHUAR, A R AT W R
Bk, AVBE B R, Bk LA R R Re T . UM RHEE KRR
EDELTARTRUNER. BRESEGREAMSER M EHE. ALXAT
— R FEN A% . B TE AT AL SR E R R Eh 384 6 R, N TR B
ARABEMER. KRBT

ST

2
L

—— 4
==

I I

1 E ;2 At 3 A RSB R THW, 4 #F (Iriers); 5 4K
B 5-2 snRe BN nE
1. The coil; 2 .The magnetic powder; 3. The stator cylinder of magnetic powder coupling; 4. The
| rotors (namely output) '5 .The collector ring.
Fig.5-2.the structure drawing of magnetic powder coupling

HERENEEET NEHNES-2 iR, KER4HEE. B, dhEede
FHE., HFEMEY). REF. BERBESETEHSETERY)ZNEFTIE
R &R 1.5~2mm™, WEFREUN R BECR YR K, 4 R 2 B TR
B BB K RELRS 3 A B4t 2 18 BRI AR R 32 30, B A 3R A0 T BRR A @ I )
FLYR DR £ B 7 A Y 3 B WY i B O BB B D 5 [ B, OB P R b IR AL I
WRBR LR 25 AP R R B K & ) R A T NI SE I . N
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RS, B T RO RE A, ER O RER T SR C R Ml A s Eif 5%
F 2 I8 LA BR, P10 T SR h R

E 'y
§ e
B
i /
0 FhR BRI /A

B 5-3 it B4 B4R &

Fig.5-3. The torque - electric current characteristic curve of magnetic powder coupling

£
H
100%
b T5% g
50% M
25% #
0 WEEE (r/nmin)

B 5-4 BiA Bo BiE-HR e
Fig,5-4.The torque - rotational speed characteristic curve of a magnetic powder coupling

EHRESBRERLDWE 5-3 fir EEESRRENRAEHEEREX
ESURRETERE 10%~110%P S 7, B iA S E B Hl, X e at A il it
BT R P M M R KR KD R R B BRI RO E R . T LA
5-4 FpE M, B h P AR I T R A PR AL, T 5 P T B VR R e O 4 B AT £
HESEREAE N, X AR 13 SR, M T /B B T SR R P, 4 SR R D T
AV AR B A B, AR E R AT E R .

2T ETRORTS, B T A A B T USRI, SN BBR AR BB
MR LA LA RN AR TY N EREE AR SE N ESBRNEN
K, LAERSE T m, B, AR A LR RN REANRERASH.
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5.2.3 fHadRindlss

#E, WLK-3A
RPN EEEE 0-3A IR SR, BEErTUARGE (MhEa8) #
TR,

5.2. 4 R B B2

A5V RBHEHESARY S

Table 5-3.the type of testing rotational speed and torque sensor

IN338 Bl aedr A B EHE R E X
BEEE. 300 45K ¥ 605 HERRE: 5000 #/4
HHE: 0.5% FERE: 20°C RN 17 #rk

ZE RS REN R, KRR E R e, IFRERN
WmTRERE, HERMEHTEPRENEMHEE.

5.2.5 BifhEta%

Bt LEM AR A S : LT308-S7

It LEM #Ri TR R FERN, ERRBI®T NS, 53
— AR B I s R P A M RE AT AME, P ERB4HRLALTRNZRGEN T
ERA.

5. 2. 6 FEH,

ERNEMERZ =31; Blim=3mm, FRm =295k, BHEE
Jl= 0.0032kg-m2 o .

MENERIES Z, =69 a¥m=3mm; Flm, =15kg; HHERE
J2 =0.08035kg - m* .
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5.2.7 Bl#&

FWRHARS. 6309 ,

FHRHARGHEE, ERASE BREFHERA. NARERSH—3KHA,
FERUARRAAR. DREOREFRNAN, AEAEMREENERSE £
ARSE NI ) ST . SRR R RN, BB, B RBEER. A,
AEERZRENF . FAREEA —RRANRPEREGREE, CTRAIRE
B Rm SRR, FERA R SRR 6 A RS AR R B T R
HHE. A _

XTHAAR, —BIER THRARAMARSHERAE X 5=AR @), #:
Bk 6204 MIRER 04X5=20mn . 6309 B/EHALR 09 Tkl 5, BF 45, WRGR
TR mn YR DR, UBCK, BB DR RA.

Bk, ¥ EHiHA& 6309, HAMER 100mm, FA2N 45mm, FHEH 25mm.

5.2. 8 iEEEHE

R kistler A F-8690C50
ARBER O I E AL B D R IR G BB R R . MR
BN RYEINTE:
RS- R B RMAA S A
Table 5-4.the corresponding table of sensor sensitivity

SN132256 188 485mv/g
SN132247 244 484mv/g
SN132251 344k 502mvig
SN132257 4R 491mv/g
SN132258 SH4k 500mv/g
=HER XLYZ 500mv/g

T /1S ) () A P A el e 0 A T R SR R . = B P A R 28 R
THEA 2%, W SR B R T 0 A ARAE K MR B R IR
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5.2. 9 ESHAIEILREE

AR TR RF DEWTRON AR EFHRTAIERN, KRIAHRE
EENMTERE, HREAR 16 MEE, UR 61 REBE, TLUTLRER
SURNTE. '

r'.I Hﬁ- H?H!H b
- sman i;:iu o il

e =

& 5-5 DEWE-2010 %482 RAX
Fig. 5-5 DEWE-2010 data acquisitive system

53 R HEANSH

ME 5-1 %1, FATERSIHLKRIN SR BRSNS, SRR BRI %%
SHEARKR. B S-6 FirhkTRE, RMALRIRER FRRES. Bk
N5 IR R A ENRED, TR T R R [ U A RE .

XN FHTFRAXENN, EHADMIZENIHEERRTHESE, ©F
BRI AR RRARRRSE CRAMMAMBE T RUNE, WkERERS:
oA THAEREXN RS, RISV hmBE SRR SHPRIRE. BBHH
i BOR P ER

4 e
%79 | [

=]

B 5-6 #F £ %a%HRE"

Fig,5-6 .the vibration measurement of rotor system el
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KRBT XEH LA RMRI

AV AT R RS MR, TEBRE R RS B KR ik
ﬁﬁ@%%%~%oﬁﬁ%ﬁMﬁﬁﬁwa,ﬁ@%ﬁ@ﬂﬁmm,mﬁﬁ%ﬁ
WEEMRT, BT LRI B A2 L.

HFRDERSH, BEENERZ RRELERNBEEER, R FaER
HEERANEANG . SEFERTERA TR RS, R, Bl
AR, MR, TR, AR BT R SR
%, ZEHEMMELELE 10~10000Hz 5B %, EEWHMESITRLZ W, FF
BHE A B P LR RBEK, TERES AR, WARESRET
{31)

SHFSEHRRE, BRI TS EMET . R, W
BRXOESHBHEERTEN. FREENRFES, TRLRIATEHRE.
R T AT AL, PR AR T8 R RS iR LIRS
KR, RHAFERTET.

54 B HEHMEEL GREFE)

ATHRREE, XRSHEDIE RRREOER, SO RERRNcE, b
HERREAEME. B, TR, ERAERLHNE, XTFEXER
RSERRERMANT, BHRERERSREYE, R R R R TR =&
LAib S :

HTERENREEARERYT, RPENER=ELATERKNENEST. F
BL, TR A R ATIRRL ABBIEHER, AVGRI T R AR,
BT I&EMRE. HAEmT:

1. AR BRRER, HaiEARNRFROITRT, HRBKBTER,
BHRERER,

2. BHBRTSERBREOER, RASKARK, SiETHOaE&%L,
Bl TR ARAMEERERY (WA ARPEIN LN ETFHESH
BRAE);
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5.5 R R AL S EREM I E

5.5. 1 BUREFEASEME AT

REMAENRR, ATUBSHMEARIWEN, SHENFERE. REHHE
mF:

AW FEERE AR S 6309, BIMEERL=175mm, FWHES
D=T725mm, FE 25mm, AERR 45Smm, SMESME 100mm, EEHENHZ =8,
Eftfia=0, BESEAES, TRNTEH, @id IN3IS HERHFAKERE
PR COREEER 3330/min, SEREVGELITEAZ EHHER 741Umin, R
B B AT DL B RS R MR R I F

MK £ 4 12.35(Hz):

SN — R 5B ERRE £, A 4.68(Hz);

W — S SRR £ N 7.66(Hz);
BEhih— RS NI EMIRE £, 5. 24.09(Hz);
BEEBHER)ARN £, K 37.48(Hz);

HMAH LA, A: 12.35n(Hz), n 4 BRAY

WA milingg, £ £, 4: 61.28n+12.35(Hz);

AHH ftlinzf, £ £, 4: 61.28n+4.6(Hz);

SMIRE Siinzf, B 37.44n(Hz), n A BRE:

PR M2, £ £, % 48.18nx4.68(Hz), n N B

5.5.2 RFMBIFEREMNITE

RIEE ZFR T, FX R E T RIS RSB SE a4, e
B, S&MMEN A RRPA I 25t FR, RIE\LMSEREZ MK
RE, WHMEENEER.
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5.6 R AMIESNELIR

5.6. 1 AMREMMNBHES S H

B RpE R BIR T, R T RNBRARRR S B BRI,
B RE M AEE S, HARTY R B AR
RERFBNEFHRRT, BHEBRAMELAME, 0E5-7.

1B

| s ¥

0 20 40 B0 B0 100 120 140 160 180 200{Hz)

H 57 Ray Wikl
Fig.5-7 a frequency spectrum of vibrational measurement

RLEHMAYE, BYEREAMEE, ME -8,

i

% 20 4 e & 100 120 140 160 180 200(Hz)

H 5-8 SR RAR Y A

Fig.5-8 a frequency spectrum of vibrational measurement in the bearing fault
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£HE 5-7 1, REUSIPLEEN, RRERERE. £E -8+, RPA
SRR E S, MASRIFENENE, SEEREAEAR, K+ 62Hz
M 123Hz b HAH Bk, ZEBTHREMZELMTIEN . EEEVT, &3
BARBRFES RAEIR, FETU—ERMER, HRIFENTAR, K3
BERIARRTER, [ THRDEHE T ENEREHOEINTFAR, SAREHR
& BRI 2. B TRYCESHHEMX L, RiF TR RNE
2 W B LA ARG R B 7 A A A S A BT R A R

A EFIESEE S, EHE H, WENERSEERHEAE. ByHR
FRESGHE, FAHRIRETHRERRENE At S, EREE LRIAER
W RN, WERRAARRMEHERED. EA0TR S B A MR
&R, WLURIASNNEER T 5T AR SHRAFIEARS,, BFES
B OB S, ERRERENRG: R THARERRE, Bl
HAT . —BBERT, BREERE—FHER, SETE L ERERIE,
B ERESERER, BELFETT, HTRERIEM, £REEEHR, &
DR HEER, BEUERENMEREREFLEE.

5.6.2 BFMBETRAVEMES SN

5.6.1.1 %% A HE T SRR
FFEIPLUERBER T, ZHAHEFRIMEE, wHE5-9.

60

L)

(dB) 40
20
0

20f AT R RS T YA AT

-40

o ; i i ; ; ; i ; ;
%0 20 40 60 80 100 120 140 160 180 200 (Hz)

Bs5-9 ZEANETRRHER

Fig.5-9 a frequency spectrum of A-phase idling stator current
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REEHNETRERPWEREL T, T8 AHEFREMEE, wE 5-10.

.............................................................

0 20 40 60 80 100 120 140 180 180 20(Hz)

H5-10 REHRTERAMTTRESERE
Fig.5-10 a frequency spectrum of A-phase idling stator curent in the bar fault

ME 5-9 ME 5-10 LI, REBHHETIFEPHREERT, ZHA
HE T RIS R AR I NI +2sf MZIBETEMSE R L.

5.6.1.2 8 B HEFHHIHEE

FERPHPEEHRT, THBHEFRAMEE, wE5-11.

02‘04‘06.0;01;)01201401;01.80200(&)
Bs-11%# B TRAKEHE

Fig.5-11 a frequency spectrum of B-phase idling stator current

FEBREFYETIEUEBLT, THBHETARMER, WA 5-12.
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0 20 40 60 380 100 120 140 160 180 200(Hz)

B 5-12 B4R T2 B EFRRAEE
Fig.5-12 a frequency spectrum of B-phase idling stator current in the bar fault

ME 5-11 ME 5-12 TELEH, REHNETREEFYEERT, FHB
HEFRAEEEMARGHI £2sf BIMBEETRREERE.

5.6.1.3 Z# C HEFRKMILE
REEFPLEEREAT, TR CHETHRASEE, WHE 513,

,,,,,,,,,,,,,

i

o 20 40 60 80 100 120 140 160 180 200(Hz)

B5-13 ZRCHEZTERMER
Fig.5-13 a frequency spectrum of C-phase idling stator current

REBIHET RRGERRT, TR CHETRAMEE, ME 5-14.
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0 L i i i H i i
C 20 40 60 80 100 120 140 160 180 200(Hz)

B 5-14 FAEMTEECHETRRMER
Fig.5-14 a frequency spectrum of C-phase idling staior current in the bar fault

ME 5-13 F1E 5-14 AfLLEH, BEHINETSERPUEER T, 58C
FISE F RIS SR L B + 2sf MADSRIB MG S 5 4.

5.6.1.4 513 73% A HE TR RSEE
FLBHPERBRT, RE&73% AHEFRAEE, mE 5-1.

[1] MW 20 30 40 S50 60 70 80 9 100(Mz)

BS-15 AR IMBEFERAED
Fig.5-15 a frequency spectrum of A-phase 73% loading stator current

RSB TIERPUEELT, f8 73% A AT FRLERE, wE
5-16.
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0 10 20 30 4 50 6 70 8 80 100(Hz)

B 5-16 BEMETAR IMABETRRHEE
Fig.5-16 a frequency spectrum of A-phase 73%loading stater current in the bar fault

B 5-15 FIE 5-16 ATLLE M, BbmailETFS4PHEERATT, AR
73% AR T BRI I+ 2sf M ER MR R E .

5.6.1.5 fa3 73%, B HEE T R AL E

REBRFPEEBRT, 7E 73% BATFEFMEE, mE 5-17.

50!
L -8

w ™

C 10 20 30 40 50 60 7O 80 90 100{Hz)

B 5-17 fi# 73%B AR FERRHEE
Fig.5-17 a frequency spectrum of B-phase 73% loading stator current
REUHHHT SERHYEERLT, AR 73% 8 HETRASEER, mE
5-18.
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i N

10 20 30 40 S50 8 70 80 90 100(H2)

B5-18 RAMMT AR 7388 HEFRRMHHE
Fig.5-18 a frequency spectrum of B-phase 73% loading stator current in the bar faalt

ME 5-17 M 5-18 WTHUEH, RFRIIETILFZHUEFRT, AR
73% B AEE T R AAUE RS L IR + 2sF MAMIRES MR A AL,

5.6.1.6 fagk 73%, C HEFREHEE

RLHESHUERFR T, A8 73% CAHE FREMER, WwH 5-19.

HEE

0 10 20 30 40 S0 60 70 80 90 100(Hz)

B S-19 S TCRETERMEE
Fig.5-19 a frequency spectrum of C-phase 73% loading stator current

FERMHETIERHEEL T, A8 73% C HEFRASAER, nE
5-20.
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0 10 20 30 40 8 60 70 80 80 100

M 5-20 BARMT AR 73%C AT FRRMEE
Fig.5-20 a frequency spectrum of C-phase loading 73% stator current in the bar fault

MWE 5-9 fiE 5-20 AT AE I, RPHEFNETFISEEHUERRT, AH73%
C HSE T HL S EARRR A L £ 25 M SARE R MM B FHE .
5.6.1.7 fad 15% AEFRAMILEE

B aFHEREAT, R 15% HEFRREEE, uEs5-21 .

50
ki

(dB)

0 1. 20 30 40 50 60 70 80 90 100{HZ)

B S-21 SUE 15%A MR TR EE
Fig.5-21 a frequency spectrum of A-phasel5% loading stator current

B EHNETILEBEHHNERNT, A 15%A% A e FRimER,
5-22,
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I S |

50 + g * T
0 10 20 30 4 S0 60 70 80 90 100Hz)

B 5-22 BAHBT UK LSSAARET K E
Fig.5-22 a frequency spectrum of A-phase 15% loading stator current in the bar fault

ME 5-21 M 5-22 [RLA N, RPEDNET PELPHIRERT, 58 16%
AE T AT AP I £ 25 KIS ER RN R R HE .
5.6.1.8 fa$l 15%, B HETRAMER

SbE P EEER T, S 15% B HEFEREEE, M 523,

| S

H —L

0 10 20 30 40 50 80 70 80 90 100(H2)

B 5-23 fidk 15%B MR FRRMEE
Fig.5-23 a frequency spectrum of B-phase 15% loading stator current
RS HENETFRERAREBAT, AR 15% B A FEANER, wE
5-24.
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4% 40 220 3 4 5 6 70 8 9 1004
o

B 5-24 FABMTAH IMBARTERIER
Fig.5-24 a frequency spectrum of B-phase 15% loading stator current in the bar fault

ME 5-23 ffE 5-24 TTLLEH, REBINETSEEPRREBRT, fF
15% B #1E TR ML EMR 4 H + 2sf HIANEESMIEEAHE.
5.6.1.9 fa#} 15%, C HHEF R FHITE

SE R ERSE T, ik 15% T TRRMEE, W 5-25.

0 0 20 30 40 50 60 70 80 90 100{Hz}

B 5-25 ME1%CHETERSEE
Fig.5-25 a frequency spectrum of C-phase 15% loading stator current

FEBETILREEERT, A8 15% C METHRRMEE, WE
5-26.

59




KRBT KEMEBFREEAIL L

...............................

: : ¥ : s : H i W

0 10 20 30 40 5 60 70 8 90 100{Hz)

Bl 526 JRGET R LSNC A0 & F ok 53
Fig.5-26 a frequency spectrum of C-phase 15% loading stator current in the bar fault
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Fig.5-27 a frequency spectrum of A-phase 36% loading stator current
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Fig.5-28 a frequency spectrum of A-phase 36% loading stator cwrrent in the bar fault
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Fig.5-29 a frequency spectrum of B-phase 36% loading stator current
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Fig.5-30 a frequency spectrum of B-phase 36% loading stator current in the bar fault
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Fig.5-31 a frequency spectrum of C-phase 36% loading stator current
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Fig.5-32 a frequency spectrum of C-phase stator current in the bar fault
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