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Abstract : This paper introduces the system and development of the Steer by Wire(SBW) and studies the design to reduce the
cogging torque generated by the SBW motor. Using the finite element method, the design parameters that affect cogging
torque are identified. In recent years, permanent magnet type motors, which are advantageous in terms of power density, have

been applied to various fields. Permanent magnets having a high magnetic flux density are also continuously being

developed. Since the cogging torque is proportional to the square of the permanent magnet magnetic flux, it is necessary to

design it in such way that cogging torque can be reduced. In this paper, the detailed design of the rotor shape to minimize the

rate of change of magnetoresistance and the optimization technique are adopted to reduce the cogging torque. An improved

model was constructed and evaluated to verify the validity of this paper.
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Nomenclature
Teogging  © COgEING torque
O : permanent magnet flux
R : magnetoresistance

Subscripts

SBW  :steer by wire
EPS : electrical power steering
RSM  :response surface method
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Fig. 1 System of steer by wire
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Fig. 2 T-N curve of steer by wire

Table 1 Specifications of steer by wire

Specification Contents
Voltage 12 Vdc
Current 90 Arms
Pole/Slot 8 pole 12 slot
Winding Double winding

Cogging torque Less than 54 mNm
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the PM magnetic flux

fedc b a

Fig. 4 Rotor of steer by wire

06
Z
]
=
g
-
B
&)
06
0 20 40 60
Angle[deg]
(a) Cogging torque
11
9
T ——e———
e __—
Z
Z
= —a —b —c
3 —_—d — —f
1
0 20 40 60
Angle[deg]
(b) Max torque

Fig. 5 Cogging torque and maximum torque according to
rotor tapper

a¥3 HUEIE A 2aEA g AL 2 4 9
o ARED} oh st olfE
we} fFaBFl Skl BElels ATt B
asolck,

Transactions of the Korean Society of Automotive Engineers, Vol.29, No. 1, 2021 45



Daesung Jung

23 3ZE3 Y SHUT 2|3}
SBW-& ELEJEETE ofu e} thE tofol] A8-H = T
49 26 SRS o)) A9 A
£ Zbe A S ARSI AP 3 = E sk S =)
EHﬁrOF 7897+ Btk o]’ Aol 27
EA9 g3l o] SVt b = 9 S EA
& Al arg g dA7E E g sk
A= S fFAHA A EAE AHA
7171 {13l A3} 719 F skl RSM(Response surface
method)S " &ste] A7AIsH3A k. RSM2 o2 7He] 4
SMrse] Fatow JeEh)s nes gHAow B
Aeb7] wiitell HA ke S Qe o] 218 3]
frelstek. A4 A7 9 A A 23S ETiE RSM
o] QUA}9} +-2& A0 Fig. 6} Table 291 LHe
A} 914 A Tapper® 418571 918 18] F413} 3
Az ;o] A, B =3 = Abolo] A 74, C=
SZ2 | FEo 7 AAEe )
RSM- Star pomt el 3% e ste] 200 0] A
o

7t ‘ﬂ“ﬂﬂﬂi

_/J’:lii_
= 2=

K
)
ol
1o

~

:Oé
x4
)
e
0]
gd
v
E‘l
(&
~
rlo
HJ
oY
b
i
S =)

12 ofn

SO
[0 B ofn (&

k1
g
o l:i\;l
:
£
i
N
o E
2L
iy K
By
o
oX 9
flo 4
o

_|_>L F‘{E
4t
> g D oyo R g

il
ftlo
o & K &2 K

oy M
20 =
i) il
) o
S
ﬂl}‘u _]Z
£ o
e

rm o
o

off
:%‘
N
ro
>

%0
N
R=)
Ha
9
™
b
lo,
)

U 2o HToboex

e ns

g
L
)
T
LY
T

-

o

Fig. 6 Design factors for optimization

Table 2 Design parameters for SBW

Design factor
A B C
Min 8.5 85 1.6
Max 12.5 89 2
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