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Analytical Modeling of Radial Electromagnetic
Switched Motor
Considering Saturation Effect

Force for Reluctance

ZUO Shuguang, ZHENG Yuping, HU Shenglong, MAO Yu
(School of Automotive Studies, Tongji University, Shanghai 201804,
China)

Abstract: A novel analytical model of electromagnetic force
for switched reluctance motor (SRM) was presented to
calculate and analyze the radial electromagnetic force quickly.
The model takes the influence of saturation into account, and
reflects the distributing characteristics of electromagnetic
force for the SRM. The magnetomotive force (MMF) and air-
gap equivalent permeance was computed based on the flux
tube method, and an analytical model of air-gap magnetic field
was established based on the magnetomotive force-permeance
theory. The influence of saturation on SRM was analyzed, and
the previous air-gap magnetic field model was improved by
considering the saturation effect. A mathematical model of
radial distributive electromagnetic force was built based on the
Mazxwell’s tensor method, and the accuracy of the model was
validated by comparing with the simulation results. The

proposed model establishes the relationship between the
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electromagnetic force and the motor parameters, which is
suitable for fast computation of the radial electromagnetic
force in the design stage and analysis of the NVH behavior of
the SRM.

Key words: switched seluctance motor (SRM); analytical

model; equivalent air-gap; saturation effect; distributive

electromagnetic force
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Fig.1 Distribution of radial electromagnetic force
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Fig.2 Magnetomotive force of stator coil

'95 '265 \ 7495 595 6

Xt R T Il R T s A0 B ] 2 1) A AT LI 2
Boorw 18 A MR TR sh$ =X (2) B s , o,
fa~ [ 5 LA KB R 0 =X (3) B,

F,(8)= [ fa cos(k9) + f1, sin(k) ]=

S cos (k0 =+ @) @

co
k=1,3,5,°"*
co
k=

1,3,5,%

fa= %[cos(k ‘%@)_ cos (k¢ )+

coskm—l
(+55 %) 1]

£ = %[sin(ﬁs—g&)— sin(B)+
sin km
(655 2) ]
3
| B.C AH#E3h #4351 A
Fao:0= > f cos(k(0— 35 )+ )
o i "

co

Fc(8,t)= Z fCOs<k<(9—4ﬁT:>+ng>

k=1,3,5,°"*

TF IR BHL e LB 3l it o — B 5 3 T B A A



« 1738 -

Il ¥ K % % ROH R B % 8O

46 %

KM IESX LI, AL IR Ky
In=1+ >, Icos(iN.at+¢)

i=1,2,

Is=1,+ 2 Icos( (Nwt——>—|—g9>

i=1,2,+
N)te)

I+
le =1To+ 3] I cos(i <Nwt——s>‘|—g05>

%)
I cos( (Na)t

i=1,2,-
1=1,2,"

K Lo R TE BT T R EG w R L ¢
kB[],

HHLE FEA & AH & B sh#h

F(5t) = Fa(0:t)+ F5(0:t)+ Fc(0,t)  (6)

1.2 SBR#ES

N7 G B R W AR L TR TR I &M
KEENFHRBRKE, DS B REES N A
K. W 3 fn, BRI AT LS 3 N4 EF
X3 B — BRI, W SBRRE =R

= Lo
A D= DT e D 2

Ko AEZEWRR; g0 AF—RKE; 2080
G0 RE T B TR o B AR B R .

B3 SHRETEE
Fig.3 Sketch map of air-gap area

1.2.1 EFHMERRBRKE

W 4 FrR € F B4 F 1 TSR K
BER 0, R/ S5 S BR K B SR RS A EA
KRG B, T B 5 F U R m) R I
B AL X R A SE PR R 148 T BI AT
REBIERE B B HATBIEN

3 1
‘81 = %_'_Zﬁs_'_zﬁr_ars

®)
=3 +4B—1h—an

A e MEFE FUTHIZE Z B 2 A,
%?#aﬁtﬁl‘ﬁ'ﬁ)ﬁ% S LR M2 a6 'R R
B REL, LR R A1, E—ANE T4 BB YE B N 45

MR E R
o, 0 € [0,8]

&= {ﬁlx(ﬁ), 6€ [B.6.] ©

i <o
< 05 .
; Bs i
P /-..20)
) L
O I -
Y B, YY Y 0
2008 | ¢ B I8,
- Or >
L yor\

B4 EHRTFEHSE

Fig.4 Equivalent air-gap of stator and rotor
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