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Consideration on a Steering System to Realizes AFS (Active Front Steering) Consists
of Two Motors and a Differential Mechanism

Ken-ichiro Aoki and Yoichi Hori (The University of Tokyo)

Abstract

In this paper, a novel design method of EPS (Electrical Power Steering) is proposed to be applied to AFS (Active Front
Steering). The proposed EPS consists of a pair of planetary-gear-systems and two motors. It can not only output AFS
compensation angle but also cancel the interference between AFS action and driver’s reaction force. This paper also proposes
a new AFS system, which compensates the transfer delay from steering angle to yaw rate, as an application of proposed EPS.
Finally, expected future trends of steering system are considered.
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Fig.1. Configuration of steering system.
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Fig.2. Three types of AFS actuator based on
EPS.
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Fig.3. Configuration of EPS with a pair of plan-
etary gear systems and two motors.

Y ! .
"""" 4 Chassis ~------1
oI !
0 1
Planet !
1] Pacay T4 -
S System Q- {
T |74.. 1|t P ITI
y T T Lsley
H Steering ®f
o1} 0D System ¢
Oh| et Yoc

Steering 71
Wheel

04 20000000000000 EPS

Fig.4. Block diagram of EPS with a planetary
gear system and two motors.
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Fig.5. General configuration of planetary gear
system and motors.
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Tr = Aaj + bu .................................. (9)
oooo
Ki+Ky Ly Ke—1p Ky
_92f r 1] —guf s rhy
— MV MV 2
A= ol Ki -l K, _2l§,Kf+l$K,,. )
I v

t
b=[3¢ 24] e=ip o w=8; (0)

0000000000000000+4000 (900000
00000 (11)0000 2000000000000000
0 ®n

1+ Ts

v
- =G(0)
1+ 2_27§f’; 5+ —(%}n)z $2

00D00GO)00000000000000000000
00f0000000¢00000000000000000
0000000000000000000000000000
ooo

000M = 1000, 2000(kg], 00 V = 60[km/h] 0000
0000004000000000070000000000
0000000000000000000000000000
oooooo

20
L S

101

5

maghnitude [dB]

—— M=1000[kg] (w/o control)
210 { -~ M=2000[kg] (w/o control)
---- M=2000[kg] (with control)

15 7 0 1
10 10 10
frequency [Hz]

Iphase [deq]

| — M=1000[kg] (/o control)
-120 { ~ -~ M=2000[kg] (w/o control)
---- M=2000[kg] (with control)

-1 0 1
10 10 10
frequency [Hz]

07 ~/6, 000000
Fig.7. Bode plot of v/}

i iy
O f1]] I Eps i |

=

08 AFSOO0OO0OOOOOO
Fig.8. Block diagram of AFS.

0000000000 AFSOO0O0O0oOooooo 8oond
gobooobooooooooboooooooboooo

M =2000kg] 000 K=10000O0OOOOOOOOO
00000000000 0o0O07T0000000AFSOOOO
000000000 M=1000kgl0OOOOOOOODOOO



gooooo
oooo2000000300000000D0000000

O0OAFSO00O0O0O0O00O0OO0O0OOO0OOOOOooooog

gboooboooboooboooooboooboooboOooboobooon

&

0.04 r

- -~ y/G(0) w/o AFS
T 0.02 |
S
Q
2
< or
-0.02 ‘ : ‘
18 18.5 19 19.5 20
time [sec]
M = 1000[kg]
---- y/G(0) with AFS
0.04 28,
T 0.02 1
[
Iy
(=2}
S of
-0.02

18 185 19 19.5 20
time [sec]

M = 2000[kg]

09 0O0OO00OO0DOODO~yOOO
Fig.9. Response of yaw rate.
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Fig. 10. Outline of steering technology.
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