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Research of two-phase excitation and stator winding mode of switched reluctance motor

LIU Chengyao"?, PAN Zaiping®
(1.College of Electrical and Electric Engineering, Zhejiang Industry Polytechnic College, Shaoxing
312000, China; 2. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: The paper took 4/6 poles three-phase switched reluctance motor and 6/8 poles four-phase
switched reluctance motor as study objects, analyzed influence of winding structure and phase connection
way of three-phase and four-phase switched reluctance motor on magnetic field, torque ripple and average
torque under two-phase excitation, gave motor torque characteristics of two-phase excitation under eight
typical combination modes, and pointed that two-phase excitation under modes of three-phase reverse
winding with independent connection of each phase, three-phase positive winding with star connection of
each phase, four-phase reverse winding with independent connection of each phase and four-phase reverse
winding with star connection of each phase could reduce torque ripple and improve average torque.

Key words: switched reluctance motor; two-phase excitation; stator winding; average torque; torque

ripple

Bk, TAEME S K. Ahn 250 9 842 1 T SRM

FH [F) 25 il #% ( Two-Phase Excitation, TPE) 35 il J7

JF 3w BH |, 3 AL (Switched Reluctance Motor, LR WA B RS 5 A H S 0 52 X B AR Bk
SRMD HA7 254 faj 8 T A5 7T 52 9 vk RE OB 45 Sh At ikl AP B e A Y 2 T L O T A e i ek
J AR TR RN A S5 R AR T R DR A LA SRM A4, i 5 s 5 9296 7 WA B T TPE REF%
BRHIF A Al F B g B LR RNk IREESEDKEN A ISP 5 Edvington 45 A Y 54 )y vk
T TPE Mg @8 A5 s 7 TPE B

0 3

i

W EE2015-11-19; 18 E B #:2016-03-10; RAEHIF 55 H .
ESWHE 2014 452 5 2 A [ ) U5 ) 7 3% Ll & R I H (FX2014167)
EE RN XURSE 1980 — )+ 55 22 bR M N L DRI« 40 L . F 5 O ) 29 I 5 8 BEL vt 3l WL 9 A Dl 6 455K E-mail: liuley @ 163. com,



2016 % 4 H

KR REF AL ANBHAAR T LS T FRAKXFR . 67 .

s % N AR B BE PR B T TPE 4524 00 4% i
BB i S Y SE T TPE B3 o) 330 b 45
F . X EERFSE R ORAE#E T TPE BR R & & 8 H i
L F H AL i A % TPE T4 53 1 52 mi 1% BF 5%
WEEATT . ARTICRL 4/6 B =4 SRM AT 6/8 H U AH
SRM RWFE X 4 R G437 T — 4. U4 SRM
(1 BE 4 A ' S5 K A R) 2 4 5 A% TPE TARReE 1Y

AR
1 SRM ZEHEL

SRM #:F L4, & T 5 ) :04r A IE M SE 4
R G, 2 F RGO N AL S 3, 4% 0B 4
7 1) 6 R 5 T 1 WG M 40 A 1 1) 2% 413 FRL S5 7 A Y
it NS 5% SN, Jz #H 25 20 3’ J5 7™ A 1 i ik
NN 5§ SS, R4k A0 18] i 3% #2207 =X, 7] 43 Sk 45 A0 il 57
T FUM B) BB 7 4

— A SRM L4544 tn & 1 Ca) T 7m . A 3 A€
F5IH ALB,C =M, Hrda,a',b,b e, o/ B ER
HL B ALE T I Ze gk a Al a' b AT b e Al "X
MEEA ALCBLC AR, A FHLRM a JiEA a' i
A RN N HL W aa' J7 1), PUAE SRM %8 40 45 #4 4
B 1) s s 4 A 51 ALB,C,D U, Hop
asa'sb.b'se e’ d.d' 435 R BB LE i A0 S8 41
Hhk,a Fa b b e fl e .dFd XFREEA ALB,
C.D AHHL .

(b) Uil SRM ZE4
1 =AH.DUAH SRM L840 %54y

(a) =# SRM Z&4]

2 SRM % 4H#EX 3 TPE T/E45 148 22

(1) = AHIE M Ze 4 45 M o7 i B i, i+
A FE ST %z L WA [ B TRl R A R 2 L 1R T E
HLUI I ) UBE TR X s B 5 16 0 - © L i Ty
aa',b' b, cc' J7 ), 7] A4 i NSNSNS @4 # 4 4ii » U0
Pl 2 Ca) T 78 o A [] 0% W 53 A — B0, B ES8 KT
G B Bk s /N P 5 A0 5K @ HLTRT aa's
bb',cc' 75 1 , AT #4 i NNNSSS BE#% 434 W& 2(b)
JIT 7 o W I) R W 53 A N — 35 A7 7€ NIN(SS) , NS AN ]
V18 R A 43 A B R ok s 3 R

(a) ML aa’ b'boec' Bl (b) HUIEHT aa’.bb' e’ Jr ]
Bl 2 =E ) SR 4L A% R 7 B R 6 BB A0 A
(2) =M G &AM S . TR
ARh 7 S LR, TPE Y B 3 3 17 X5 SRM. 7% 3%
FEMR ML K A SO A 2 Rl 1 . O BRI aa’,
bb',cc' Iy, ] ¥4 B SSSSSS % W 43 A, &l 3 (a)
JIER W o) IR AR 55, P B R AR N @ AL T aal,
b'b.cc J5 [, AT 44 i NSNSNS BEH 434 W& 3(b)
JIT 7R s e ) 8 W0 43 AT — B0, LIRS iR B i Tk 2l 0 il
BT YRR BOR

(a) ML aa’,bb' e’ J7 (b) HLWUY aa’ b'b,ec' Ir 1]
B3 = SR 4L A% R ST T B A 5 R A A
(3) DUAHIE M SE2H  #5 AHA S iE i, &%
TAFIE 1) SR AL A5 AR ik ST B A XA R T A 1 18
FUIU) L 585 DU A IE [0 ZE 41 45 ARk ST % A Ay 2 Fh
I D HRAY aa’ b’ byec’ d'd 71, 7] 44 1%
NSNSSNSN @ 43 4 - 41 & 4 Ca) B 7 5 #% 18] 34 W 4
A R — B0, A Pk sh 8 K @ HUFLT aa’ . bb', e,
dd' 77 1], W] kg i, NNNNSSSS % #4345, 4 & 4 (b)
JIE 7 o A ) R R A AN — 0 e i ik Bh K

(a) WLIEHY aa' b'bocc’ d'd F (b) HIGEHY aa',bb'scc' dd Jr ]
Pl 4 DU IE 1) D8 2H | 4% AR 2 ST 3 H AR A A AR 43 A
(4) DUKH S 6] GE AL L 4% AR g Sr i 4 . DU AR

GRS =R mGEHER L T2 T —H WL

I o 3 FL AL A T S B E T WA RN AT AR



. 68 - I B3

2016 % 42 %

ﬁﬁ aa/, b’bv CC,v d,dEl’:J EE bﬁ ?}ﬁ f'lﬂ, Ef *@ ﬁk
NSNSNSNS % #4347 » W& 5 Fr o~ b 18] % B R
NS, A% 6] B A 38, 6 50 ik sh 3 /N . R IR

S DUAH I ) SR |45 AH 2k ST 3 He 58 X ) A 43 A7

(5) = AHIE W) SE2H AH ) B P 1 A 50, o Hy
HHLE FLAR a' b ik a. b, o gk AhE
SAHE IR AL E 2 Ak R Il S8 TPE TAE.
PR A FRL A 3 I B FRL AL 1) R aa’ b ec
bb'.cc'a’a,b’ba’a,b'bc’c.aa’c ¢, A ¥4 B NSNSNS
GRS A3 AT AN L 6 B 73 o B ) 4 1 A A — B0, B IR
S B DK S/ S S e R R

6 = AR IE [ 284 AR ) 2B % B X 1
L P A 530 0 % L 8 9 1
(6) = AHR 1M Ze 4l M [|] B2 JE i g X i
3T T B A 408 A H 900 2 1) LA R A AR [ s i 11
— By A RS MR SR 4L A )RR i A
2 IA) A 1 322 422 = L P 9 30 L B L S 3 1) AT
T4 1, NSNSNS @il 434 . f T [ Inl S8 20 1) [ & o
JEE R F LR T LAz T 1 5 S ik 3h 85— A I 1)

LR M) BV B A T B ik 3h KL S B
BN,

(7) VUAH IE ) Be 4 L AH 8] 2P 7% 20 5,
TLehny a’ b e d Mk E 4, a.boel d Hlk A
VU LU AT R 2 Sk SaE BT SC 8 TPE T4,
2 2T M LIRS 0 B LR T 1) A aa’ b by e’
b'b,cc’d'daa’d"d, o] 4 B SNSNNSNS 7 # 43 1 »
WP 7 FroR s A B W AR A3 A AN — B0 BUERAS — 3, &
L kBB K .

(8) PUAH R I BE 40 4 IH] 22 JE % e i X, i A
T 5 B LA AR 408 R AR FL 300 S 1) LA K A5 AR [ i e 1)
— B4 A R 5 DU I ) SR 4 A )R IR O A
2[RI AE 1 322 42 = L oL 3 S 0 T % H 98 9 1) 5 1T
F4 5 NSNSNSNS g 4345, Wl 8 Fir 7 o B 1] 1 ik
A3 A — B, BLRRAE R A K B BN L T 38 e g B

Bl 7 DUARIE (5] SR A ) B TR i 45 A Y
AL WL 3 208 M R R VAL VAL

= HH - DUAH SRM 3@ i A i i S8 4198 SR [E]
H1E T BB S B TPE A2 TAE H il ToE 4 X
AR 6] 3% 42 J7 2R A [R] 3 30 TPE # % J Tk 3 A -F
PIRRAEANTR] o Herp s A B 1) SR A L 45 AR A 57 % F A
A ZHHIE I SEL AR ) B0 34 e AL DU AR Iz 1) 4%
2 A5 AR S 3 AR ORI DY A Be 1) SR A ) 22 1%
AU TPE nf LR AT 8 U 1) 5% 40 Ik 3l 40 i) A
RIS EI 5, i — 220522 T TPE 9 SRM &
Giuit et T 2%,



2016 5% 4 #9 MR RE I RBELHIAEMMR T L T FLARXTR . 69 .

Pl 8 DUAH S In] SR EH A 1] B T S 4R A Y
R e JAE 3 38 0T R % v I WA 1)

S E 3k

[1] AHNJ W.OH S G,MOON ] W,et al. A three-phase
switched reluctance motor with two-phase excitation
[J]. IEEE Transactions on Industry Applications,
1999,35(5) :1067-1075.

[2]

[3]

[4]

(5]

[6]

[7]

(8]

(9]

B, R F. T G 1 PEL v AL %8 21 3% 2 O sy F
FELT]. LS P 224 . 2002, 6(2) : 93-95.
EDRINGTON C S,KRISHNAMURTHY M,FAHIMI
B. Bipolar switched reluctance machines: a novel
solution for automotive applications [ J ]. IEEE
Transactions on Vehicular Technology, 2005, 54 (3):
795-808.

A A B, IR B — ol AL AR Jh % T OC 1 BHL
HLIR 2 7 Ge i e AR e L. o = B B TR 22 4k . 2002,
22(12):92-97.

SRAG RGN £ B AR T I 2 AL TR E T R IR T DG
FEL AL AL AP A B2 L)L L5 35 4 2 4l 2006, 10 (2)
154-159.

PR, B B AR A T DG g B ALK B R e i R AR
P M LT i B L TR 2% 4L, 2005, 25 (10D
149-153.

R T AVESJIE L fT AR, 25 DU SRM 3K Bl 2 G 6 A il
YR B ERF [T ], B 542 24 . 2011, 15(8) .
34-38.

LIV A R E LA T R I G R BEL R AL B
XURH il o A P RE 4 BT LT . B ML 5 45 1 22 31 - 2012, 16
(11):45-51.

TRME MG Bii K47 Ao i, JF DGR PHL Hy S AL g %+ P4 )
JrEEREFELT]. T4 A 34k ,2013.39(11) . 65-70.



