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Torque Characteristics Analysis of Flux Switching Motor
Yong-Hae Jang

Department of Electrical Engineering Graduate School
Pukyong National University

Abstract

Flux Switching Motor(FSM) has advantages: it consists of simple control circuits; it
has simple structure; its efficiency -ishigh; it costs less to produce due to mass
production. But it also has disadvantage such as noise. With the development of power
electronics technology, Flux Switching Motor draws researchers' attention.

Although the Finite Element Analysis has been used for a long time in the field of
motor analysis 'and design, it takes longer to analyze than other methods. On the other
hand, Magnetic Equivalent Circuit Method, one of the other motor analysis methods, is
not capable of considering a torque harmonic in the air gap.

But Winding Function Theory considers a torque harmonic in the air gap and can
be analyzed in a very short time.

The torque characteristics of Flux Switching Motor with salient rotor by using
Winding Function Theory have been recently researched.

In this paper, torque characteristic analysis of Flux Switching Motor based on
Winding Function Theory is described. Two method analyzing torque characteristic of
Flux Switching Motor was used to compare Finite Element Analysis with Winding
Function Theory. As a first method, Maxwell program was used to analyze Flux
Switching Motor based on Finite Element Analysis. As a second method, Matlab
program was used to analyze torque characteristic of Flux Switching Motor Flux

Switching Motor based on Winding Function Theory.
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ny(p)= A B4 turn function °|th 4% JAHYH2E

(4.35)
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. (4.37)

L= et N, 0 (0 439

e 4= turn function ¥ winding function S EF-E A4kE oIt}

W.
A (4340 2RE A4E IYHs @S T go] uE & ok

2
L,p= pyr ; N, (@)Ny(@)g ' (¢)dop

2m 4.39
+ pyrl <mn, > : NB(¢>9_1(¢)d¢ .

Aoz Ze = FHY 22 Fo N, S AFo2 7

oA inverse gap function g '(¢) £ HFA =3 AE]

g (o) = i—i—(i)COSQ(qﬁ—qﬁo)—i— x
9o 9o 94

cosd(p—¢,) + ..

6, £ B39 o7t A% &L W WA 9otk o ©, winding

Y 15 5

function® E43F 1295 TFITh g(¢) T g '(p) & BFA 129E
Z &3t winding function °Ale &5 xd AFiEo| dis) &9

2l (439)9 F WA &L o)dH o o] Hrh
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Lig=wrl | Ny(@)Ng(e)g ' (¢)de (4.41)
Lo =l | N30~ (@) 442)

go) A%z Ty 2 wad dEo E3W AvdAY 45, A7 A

9 432 3719 29 AErle gHes yehled o714 33

nu(®)

o | | o))
<o LN
Ns ()
N/2
1 o)
I
—N/2
g (¢)
1/ga
1/gp |- I—I |_|—
] 1 1 1 ®
14 /2 3m/2 2m

19 44 253 71719149 winding function¥} inverse gap function
— 31 —
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5. B3 B4 a4 9 As v
5.1 Winding Function 23

FSMe] AYe & 29 2o} 1132 S
60l B dAM ofmiro] A4l "Hes 47

Hd(phase a)¥ ofnfsro] HX(phase b)¢ winding functions WERA
2 Axe B

o &

7} 800°]| 2= winding function®] y=9| Huigk, FHigkol
400, -400°] < A& + AU

3 1. FSM9| A«

Contents Value
Stator slots 12
Rotor slots 6
Turns 800 [turns]
Model depth 20 [mm]
Stator outer diameter 8 [mm]
Stator inner diameter 52 [mm]
Rotor outer diameter 51 [mm)]
Shaft outer diameter 8 [mm]
Band length 51.7 [mm]
Airgap length 0.5 [mm]
Rotor pole height 10.14 [mm]
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400

300

200

100

-100

Winding function of phase a

-300

-400

400

| |
10 20 30 40 50 60 70
Position of rotor

(a) =AM

80

300

Winding function of phase b

=300 -

-400

100

-100 -

1
10 20 30 40 50 60 70
Position of rotor

(b) owhirol A4

a% 51 ZF A4 9] winding function
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52 B4 54 &4 A3

FSMe] B3 54 314-& FEASH WFTE utgog zhzt AlEdg o) 3t
WFTE o] &3 3|4 ZAxe] g4 e AESIAT
A7171719 AA7] EA T, & A71AQ] co-energys EFSH, AF

AA A 2®'llol| A co-energy= &l A olux 9} ZTH4-5].

(5.4)

=58 Aol g WFTE A8AA EF 54L 1437 98t 1
529 A ERAM] A% BEol tE A% A2 2 (55F ol &
st gap functione A4 19 53 & 1AA F A& ARE Ao

ALrE A% 2ES YEHATH
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Az 255 st AtEAA = AL B2 ALMS v 2o

3(%— |a—0|)(sin|a—9|—5in(§)) (5.5)

Ela=6) = cos|a—6]
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g2 A B 1yste] ALEE AL A2 ALt a3 2o
6*%30‘ for0 < Ra < h,
E, = i (5.6)
e+5}?a+y(}?a—ho) for h, < Ra <7/2

A e nHT AL Azme A A S 1Y} AL A2 &
S gap function g 3}1, ©]9 AFF inverse gap function g ' FE
e Ya—0) olgtatH th&3 Zo] Yehitt
& 1
e a—0)= (5.7)

E (o) +E (a—0)

S T

e Ha—0)S a% 712A a o ©BE @AY WEsS Yelya, N (a)
= ad 71E9A a o fisted YERojA & winding function ©]T}.
2 5.8)ollA A=A e a—0)S o8] 24 (441), 442 T

Lyp= iyl ) N, ()N (e Ha—0)do (5.8)

2w

Loa=prl | Ny(¢o)e (a—0)do (5.9)
0
T ASEUES UERE tgo] A4S o] &30
Ba(H) = uoefl(oz—H)Na(a)ia (5.10)

9 549 19 55+ 3 dxet 18 Ao gk gap functions WERHATH
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Gap function of rotor

&
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Position of rotor
- ° .
19 54 33 A9] gap function
23 . .
2Lk A
18t -
161 -
=]
=2
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7 14f B
i
o
a
S 12 -
2
= Al
=
]
™
0.8 -
0.6 A
0.4 B
0.2 1 1 | 1 1 | 1
0 50 100 150 200 250 300 350 400

Position of rotor

19 55 1A gap function
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a9 562 3 AAe} 1AL gap function AIE ©]&3te] 4 (5.7)= ©]
&3t 7% inverse gap functions YWEMTH 19 573 58 & FEAE &
g E3 B4 WFTE o83 Ea A4 AaE Yepdth 3 Ea
of Hug2 Ao dAsI e, Hagh FIolMes A7= vssAT 3
dol 2w Aolstdth o] A FsMellA 1 = (e AGA Y v P A
3 3 Ae] gap function RS eAEty ARG, F Jfe 54 sy
A}z RE WFTS ©] &3 i
o} 3 2 o= FEA, WFT 3f|4o] A8 %
e w WET7F g 7] s Holl gle] FEARD 34 Alzhe] &~87) 22

A~
& g o

Jm
oX
1 Kl
n%
1o
o
oft
031
nJ o
_‘ {
[-'0
ﬂl?l_i
-
%0,

>
)
ftilo
=
=
31'4
8
-
4
i
_E
Ll
PR}

o

o
B
_
-
-

T
=
S
I
I

1000 H =

Inverse airgap function

500 =

0 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400
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19 5.6 Inverse gap function
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Torgue [NewlonMeter]

100

0.14

012

0.1

Torque [Nm]
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0.06
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-0.02

1
30 GO

Position of rotor

40
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a9 58 EF &4 34 - WEFT
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6. 4 &

Z2d-& FEAE B3t EAE sdstsa, 33049 1x9E 13T
a3 Aol AL WFTS o] &3t FSMe EA4S 8T & =
Matlab ZE273H L& 2A35¥TH WFTES 53 FSMe E EA &4 ZAx

FEAS 53 B3 EA )14 ZAAE vm AESY A7\ ZFA
e |

webd] AHE WETE o 83 54 314 Wale 3 A4S 54
2 e WEAS AFH HA, selE A= By == 77 8A

dA e EgtolBH Algdoldel F&stest FaEn
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