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Modeling and fault simulation of dual-channel switched reluctance generator

YANG Han-yi, ZHU Xue-zhong

( Automatic Department, University of Aeronautics and Astronautics, Nanjing 210000, China)

Abstract: Aiming at the problem that the mutual electromagnetic coupling between each channel in the dual-channel switched reluctance ma-
chine caused phase current distortion when phase failure occurred, an one-channel fault-tolerant method was designed. Firstly, a simulation
model of 12/8 dual-channel switched reluctance generator was established with JMAG simulation software based on field-circuit coupled finite
element method. Secondly, most failures were analyzed theoretically. And it turned out that most failures lead to phasing failure. Then on the
basis of the model, generating performance of the normal condition and the phase fault condition was simulated and analyzed by using JMAG
software. At last, aiming at the phase fault condition, the one-channel fault-tolerance method was presented and simulated. The results indi-
cate that the one-channel fault-tolerance method can improve the generating performance effectively. The modeling and fault-tolerant method
also has certain reference value to fault diagnosis and fault-tolerant research of the kind of generating system.

Key words: dual-channel; switched reluctance generator; JMAG; finite element; fault

VRO B GE N E LA o, TR Lt R GE A S5 31T
— BRI R ] BE S EOR A RGO RE adRE
UL TR SR A 20 D AT 0 i e 25 S7 A9 78 i 2
AT A% A8 OTCA S5 F Y XGE 38 T OCRERHL A 3/ %

0 51 &

UEAEA , WA FLALE A A PR e Ji LA K FH T 4
()2 5K, JT S BH A F B Bk 52 3 AATT 9 56

T X TSR A RS, TG R ML AT 454
(L UNCTE T3 EXEAV- R DN G D7V 2 SN e L2l
IIRED) T4 & A5 ml o ISR il AR WE A N T
LR B iz AU, HEZ S OB 5 i K AL 5
RGO AR RS, A SR AR AT

TEAGGERITT TG B B LR, Dl R 72 H i 4 o 45

Wi HER:2013 -09 - 16

R0, 0T LA R i o A Tl B 2 R R G
A T e A R R YT BRSBTS — A
BRI P ] R, S BB R ST A AR, A
[E N R CAS T X ca

X 3 S g LS 3l it 2R 0 L HG g ml S Y
PR RAEAT S G B 5 DRSO 1956 . H AT, £

YEB R AT 7 (1988 — ), Lo, VLIRERBHA , 225 ST SC R BEL FE AL e a2 Wi A0 28 542 11 07 TRT A9 F 5. E-mail ; yanghanyisky@ 163. com

BIEBERAN K2R, 5 BIZEEZ, 14 S . E-mail : 2x2@ nuaa. edu. cn



1

WieRak , A5 XU 3 T O RERH A R LA R i e 7 ELIF 52 - 87 -

Xof SSUH 3 O BEL H AL B 9F 5 L 5 2, AL A0 432
EE S SN ER PN A LRI R B s & NS R EPS
GBI AE T2 B BL

AWFFEHETA BRIT ik fF IMAG #53E—A4> 12/
8 LA )L T8 T 5% R B A H LA AR, 06 Ll Rk
SHATUTES 30T, HI% K B R GRS W F A
Pl S A

1 RGH 3 I B & LAY A R JT

R

TFRRERHL LA B — D EEE R S, HTARRA
FISBARMELURE RT3, 20 B R 17— B IR, T
XGEE T SCHERE ALY XU =22 8] SRR Z AR &
JE— DRI TR MERE . DL, Bl SR i
JTEIFANE T 0GHE 3 T G A AL ASBFFER
ST G A FROCIE B0 BRI F—IMAG S X
PRGBS FB AL EURRR L IMAG 1T Uy
EUMBARHR A HL 2 IS4, ANSR2 FRL O (B PR
HEAE, LB B DUEIE T SCRE LA LB D5 EL AT

12/8 Siey i XU 38 I 5% 1 BH A v HIL B3 AR 45 4
WP s o Wy E B AR A P AR A J L i
HR B — ], ) BRASL EARXT B8T ARAR E ART D, R AT i A
WAEARSC o R 1 Il N e T2 O 117 5 | R ) I B M
)R, RGeS AR IR T =X

K1 12/8 G5t e LR

AHEFE TR LA S BN 1 s .
®1 HNHEBRSH

ZH E
WE 1% kW 7.5
HEHE/V 270
EF N1E/mm 85
FE THME/mm 155
FETHIRREL 0.5
7N/ mm 30
A2/ mm 84
TR REL 0.39
O KE/mm 74
B U7 I 5K 78
SR JE/ mm 0.5

75 IMAG 8 1 IZ AL A AT BR ST AR 2 4[]
2 IR, IR B AN 3 B

B2 LA BT

=0

K3 DiRAHAR 4

2 BUH T T 5K 1 B A L B RS X
o

TE IR B A LML) T AR R B AT 225 SCiik [ 1], i
ANANTEEIR o A5G0 T St B 2 B AL AH TR 5 55 /N,
RGO AT BE DL B A B AT AR S e — E I e T
UL T T S RERH & LML BR T AR AR &, RGHE 3 2 [
FEEESREVRR G, X S BOL AR5 0L T iz 11tk
A 5L = AT R B A& r AL ELAT AR R A DX i), 75 22
FATNT. INRGHI L5 TR F , RGHE B T 5 B &
FL L 2R 9 11 28 A 4 P AT A AR I s R D 3 AR 2
BT PNE S
2.1 EHAEEE

XSG TE T S BHL A FUBILSR P ST A 254 5 1
LR AURREAR 5 T HErh R, 5 e FE DLAS P e e =
AT TE 7O L AR SR AUT B | SR A
B B



. 88 - HL i

(1) BRAITBR R, e L A T B B, O
AR AN L BE R PL TAR A BRATDIRZS . %k
o A A PRI B4 — AR I, e A e ) A 7
SEAR Y, A R A A B A T8 T R L IR RN XS BRI
IR e S P il Bt 188 3 B2 T 3 A9 1 R
W Rl P A T O A DR B 1

(2) Ged s s i o e A= A I i T ARSI, B
—FH R R T O PR B T, — e i K T AR A Y
TR B A 5 S A A e LB BE , T A S AL Bl
B, L P ety A e LU DA AR SRR I RERE AN S [R]
i piy A7 AR 2 ] F B, R S FhL WA 0 e T SR A [
B, 3zt A R P AL T RE B SSIXAH SE A . R B R
A S AT S TSI DR AT A B A A I A
(EPIASE RN T (e

(3) Hertullh, YR YL IR G 5 rh O Sk i
T, LRSI T RRHIT A1, BB R AL HAS A
873 i I 18 o N e SR 5 i v T R
2.2 IhWERTMIBYE

DRAS e — B AT K A2 T ATT A8 | A BT
BRI R , o T AR S b A AL ) — AR B PN TT
SRAG R RT3 ST ) SRS , D30T A T eHs S 2L
BCEAR T i, I BORHLERAIE AT o DRIFRAT 1
LI OBV, JeL B A 3 B SR 2 P WAL ) DO T8, DT
i A i AR s AR, S ECR LB B T R R IT
S R RS e ) R e A g A e, ok HLAS PR IA

A T 3B AT R, RSGE T T DGR BH HL PR R
TR B B AR 2 R B ML A IS AT o

3 XU E P O HE B A r pIL ik e B
o

AR L IMAG R i it 1 1) i HL LA A 7
1B s AT BAHE 17 I B K e RE AT O BT Tl
177 =R B 270 VA Jily, 5% 3425 9 000 ¢+ min ™',
PR I B AL Bl S SR, A —
e A28, B JFE A o 12°, G fA o 31°,

IEH IS AT 38 3 58 XK, I 45 o —
A3 TE B AH R B R ISR S ) DY, i i 4
KIS e Horb, th T AL AR K HURAS , & e 40
HE

TERUCIHE 1 A AT AR & AR SR, I R BT A A
AARZS , P38 25 A B FL IR B &l 6 Fras . IR
6 R LUF Y, E3E 1A AL AHHL R %l 2 1) =
FH RV R B I B0 & AR T R AR AL, Ferh AL

T $31 &

30 ¢
s 1
20

<15
10 f
5L
%200 210 220 W 20 250

0/(°)
F 4 IEH BT R T
200 220 240 260 280 300 320
0 1 1 1 1 1 1
ol 0/(°)
-4

IAAARARAR
:vavvvvv\

-16

YN - m)

— EH R — A
KI5 IR IEITI IE AR DOE

AR AR, ELAE W A A A7 A FRL R A 06, 33k 2 1R T3
i 1 AEE 2 6 A7 R R AR G B T
VAT FL B 0 T3 T8 2 AR IETE o FALI A L
FARPOC R 7 P, T AL AR BER FE Bk ,
JRFEFE S /INTIE FORAS , O A A e , R ALgR Al

M P A

70 ¢

60 b s 4
50 _:'"-. ....... )
40 f : ’ ; k
30 b
20
10 b

Y P 4
/7
_10 380 290 300 3100 73207 330

I/A

340 350 360

=20 & 0/(°)
wwAl =Bl = CI Al —BI —cCII

K6 B ALAHIZ AT I % AH H i BOE

200 220 240 260 280 300 320
1 1 1 1 1

0/(°)

— e - ERRE
BI7 e ATARIZATIN B9 6 IR DY



1

WieRak , A5 XU 3 T O RERH A R LA R i e 7 ELIF 52 -89 -

% R E T BRARE 2 B A R, A
SR ZRGEIE T AR 32k HELR FH DG AT I B A 0 3 1) 77 v
KA R BRI R A5 o LI, Ak e 18 o
WBIE G W BIE 75 W 8 9 fras. M8
] LA A R AL, 0 R AY SB RI 2 h T R
R HIRATE L, A9 HhaT LIE Y Bl TS L T
- BB 249 g A TR] 42 il 2 50t W03 3 5 B R 114
174, B ) G D13/ N T UGEE T B T —2F

25 ¢ sses All wmmBI[ == CII

I/A

.
.
.

H
.
H

Ao A .

l - A
0 N A "
200 210 220 230 240 250 260 270 280
0/(°)
I8 U E AT AL
200 220 240 260 280 300 320
0 L L 1 L 1 1
0/(°)
-0.5
-1.0
B 15t
z
S 20¢
-25
=30 r
35t

K9 iR SR OE

it LA B 7 L3 B AT AN, e T A A T ) 5
R PG, BRAR B 2 R BOR AL R G TAE = .
OB TE A AT I E—E R UGE RGN TR
B HREFERAR G0 R DR Al £ AN 52 0 i i
AT T AT XGE 1 T AR A r HLAY 508 1 7
BB AT AT Ry B — 2L AT 5T, 1 et 5 Y 4%
HIEFETT 5

4  ZERIE

BT FE S RS 3 B E IMAG $5 5 T — 4

A5 AR

12/8 X8 T SEmERE A RLAIL 2R G 0 0 BB, oA 1
BRGAEAS LR O T s 7RO, g IMAG f5
HEREXF RGAEIE T TAEMBRAN AR T fsf IRt
11 7O RS , IR Sad 3 A T IE X RS AT T
FEETER, IR DA T A BN 2, O BGE IE T
KRG B R G A S it THkAE . J34h, A FROT
RTINS 5 T SR RE R AL B S S it T —Fh AT 2 A
I IT 5

52 3Lk ( References) :

(1] ety il % 2R2% 0 5. FFCRERH & ALl T ). M it
2R3, 2003 ,35(2) « 1-6.

[2] JACEK F G. Comparison of high-power high-speed ma-
chines: cage induction versus switched reluctance motors
[J]. Africon IEEE,1999(2) :675-678.

[3] RADUN A V, FERREIRA, RICHTER C A, et al. Two-
channel switched reluctance starter/generator results [ J ].
IEEE Transactions, 1998 ,34(5) :1026-1034.

(41 F & iR, 1), 8% i as T OCmE LA i AL AL 15
FEEVERERE ST T]. A2 2241 ,2007 ,28(5) :1146-1152.

[5] M ¥, R0, LT IMAG (1 XGE T8 SCREBH % Ha bl
B AL T]. IARER S 41,2009 (6) :21-23.

(6] Z=FRZ%E,THEN. JFRUH BB TR ER BT T].
BEHLEE ,2004(2) :28-30.

(7] ShEil, 5548, ¥ A JFCRERH & B BL AR e i B 5
BRFFELT]. RN E,2010,27(4) 221-23.

[8] CHINDURZA I, DORRELL D G, COSSAR C. Non-invasive
fault diagnosis for switched-reluctance machines with incor-
rect winding turns, inter-turn winding faults and eccentric
rotors| C]// The Fifth International Conference on Power E-
lectronics and Drive Systems. Brazil: [s. n. ],2003 :17-20.

(91 J™hnAR. izs e B B T e wEBH e 3/ & AL R S B 5E
[D]. B 5t B A2 LR H 3B ,2006.

[10] SANCHEZ J A, ANDRADA P, BLANQUE B, et al. Post-

fault performance of a switched reluctance motor drive
[ C]//The 11th European Conference on Power Electronics

and Applications. Germany:[s.n. ],2005.1-8.

[ 48 AR ]

itk , A . OUH TE TT OCRE R & o LS R B ECT 5 [ T WLHE DA% ,2014,31 (1) 186 - 89.

YANG Han-yi, ZHU Xue-zhong. Modeling and fault simulation of dual-channel switched reluctance generator[ J]. Journal of Mechanical & Electrical Engineer-

ing, 2014 ,31(1) .86 —89.

CHLEL LY 247 - hitp : //www. meem. com. cn





