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A Novel Configuration of EPS (Electric Power Steering) to Use as an Actuator to
Realize AFS (Active Front Steering)

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 planetary gear and two motors. It can not only output AFS compensation angle
but also cancel the interference between AFS action and driver’s reaction force.

ooooo. oooooooooobo ooooooObooo oobooo
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Fig.1. 4-wheel model and 2-wheel model.
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Fig.8. Model of planetary gear system.

()000000 (8)~(10)000000

00000 (12)00000000000000000OODOOO
ooooooooooo

O9002000000000000000 EPSOOOO
ooo0ooooOoooUoOoooOOoOoooooOO (A)booooo
0000 (D)0000D000000000oD0oooDooDoO
ooooooo

60000000300000000000ODOO0OO0ODODOO
ooooooobOooooooooooOoOb0O0D wp, we, Tc O
OO00O0O0O00D00O00 Ta, Tp, wa 00000000000
O0o0o00oo0O0 EpSO0C0O0O0OCOOCOOCOOOO
oooo

oooooooooooooboO0oooobOoOb0 10bbooo
00000000000 20000000000 GO CxO
gobooooboooooboobooooooboobboDbo
ooooooooooooooo

i
------- 7 Chassis r------1
1
R L - 1
i0n 1 !
Planet:
1] Gear® + !
< System 1
T (7. |t P ITI
Y T LT s 6y
H Steering o
4} LoD System |/
Or[7ci Yoc
Steering i1

Wheel

09 20000000000000 EPS

Fig.9. Block diagram of EPS with a planetary
gear system and two motors.

03120 EPSOO00OOOO

oooUoo0ooOooOoooooo (C)oooooooooo
000000000000000000000 (13)00000
gooooooooooo1:NOODODO

Agf:gf_%h:%gc ....................... (13)
goooboooboboobobobobobobooboooo
00000 c=0000000000 1000000000
0000 100600000000 (Torsion Bar) 00O0OO
000000000000 00D000000000C, 0 we O
OJ00PIOO0O0OO00OOO0 AFSO0000O0OOwe O Aef

00o0ooooooo0oooooonD (4yooooooo

0000000 100000000 T, 00 (12) 00000
goooooooooOooooooooooooobooboooo
gobbooooooooooooooobboooboobobooo
AFSO000000O00O0O0000OO0O0AFSOOOOOOO
000000000 20000000000000A6;0 Ta
gooo

APf:Awf:P(s)Tf:(1+a)P(s)TA ~~~~~~~ (15)
00000000000 0O0o0O (le)Dooooooooo

1 Ay
14 a P(s)

Toa = —Ta=———"L . (16)

0 (16)000000000000000000000000
00000 P(s) 000000000000P(s)000000
000000000000000000000000000

EPSO000000000000000DO0O00DO0DNO
00000000000 10000000000000000
00000 20000000000000000000000



0000000000000000000000000000
0000000000000000000000000000
0000 (1/\000)00000000000000 (17) 0
0DooOoo0oo0

O000O00DAFSO0O000O0D0DO0O0000OOO0OAFS
ooooooooooOooooooooooooobooo

4 AFSOO0OO0O0OO0O0O0OOOEPSOOOOO

0410 0000000000000 AFSOO0Ooogo

300000000000 EPSO0000000000010
00000 AFSO00000000000 200000000
000 100 AFSO000000 EPSO000D0D0O0

0000 (14)0000 EPSO00000000K, = 1000,
K;=1000000000AFSO0000000 K=10000

f 1

! 1

L - 1

! +| 1 1Y .

O D, i |—4
A“l—-—“ " — e‘ Go[ Chassis

[N pp——— - -

Planet
- " [ e
o System
+ o

T4,0, Tp

fSteering of
Tt 1 04} oD System

7 | Uns|on|1ci Yoc
A Steering 71

ef Wheel
—L G|

010 AFSOO0OO0OO0OO0OO EPSOOOO
Fig.10. EPS system as an actuator of AFS.

1000000 AFSO00000000000000000
00000000000000000000000000000
00000000000000 EPSO0000000AFSO
00000000000000000

0110000000000000000000000000
00000 M =1000, 2000(kg] 0000000000000
00000M =20000000 AFSO00000000000
000000 (00000)00000000~0 G(0)000
0000000000000000

000D0000D00D0000M =2000kg] DOO0O0O AFS
00000000 M =1000keg] 0000000000000
000000000000000

0420 AFSO0000000O00OO0O00OO0O

012000000000000000000AFSOO000O
0000000 00o00o0OoAFSOO0OOOoOOoOooo
000000000000 0AFSO0O0OOO0OODOOoOOooOg

o — 9

T f
0.04 -~ yIG(0) w/o AFS ~77 YIG(0) wio AFS
-~ VIG(0) with AFS

o
o
R

o
o
S

angle [rad]

o

18 18.5 19 19.5 20 18 185 19 195 20
time [sec] time [sec]

M = 1000[kg] M = 2000[kg]

011 00000000 ~y0OOO
Fig.11. Response of

goooooooooooooOoooooooobooboboooo
0000000A=200000000000000000AFS
gooooOooooooooboooooooo

20 20
— torque input
15 -~~~ reaction force w/o AFS 15

— torque input
- reaction force w/o AFS
- - _reaction force with AFS

- _reaction force with AFS

torque [Nm]
torque [Nm]

18 185 19 19.5 20 18 185 19 19.5 20
time [sec] time [sec]

No torque assist (A =1).  Torque assist (A = 2).

012 AFSOO0O0O00OOOoOn0

Fig.12. Change of reaction force when AFS is
active.

5. SBwWOOOOOooooo

05]10 DO00000OO0O0O0ooooon

000002000000000000000000000
0000000000000000000000000000
00000000000000 3000000000000 7,
00000000 7,000000 100000000000
1300000000000000000000000000
000 (12)000

1
T =Ta+ Ton1 :_E O (18)
1+«

Ty =Tp +Tmaz = A (19)

oooooooT.0T7T,0000000000000000AO
00 cO000O000000000000O00O000O0O000O0
oobo0ooo0o20000000000007T,-0T7T,0000
gooooooooooooo

05120 SBW (Steer by Wire) 00000 EPSOO
od

0 140 SBW (Steer by Wire) 000000000000



: + Planetary + |
1 Gear '
! 1

Ohl System o

013 000oooooooooooo

Fig.13. General configuration of planetary gear
system and motors.

0000oOoSBwoOoOO0OO0ooO0oO0ooooooooooooo
oobooooooooooooooooOooooOoOoOooOboooo
SBwWOOoOoOooOoOoooooooooooooooo 200
ocoboooooooooooooT,.0 Ty, 000000000
oooooo

H
S

+
Steeri .
DY/ T o

Steering
Wheel

0 14 Steer by Wire 00000000 O0OO

Fig. 14. Configuration of steer by wire system

jobdoooo20000ocoooobooooooobooon
00000000000D00000000DO0000 (A)oOo
00 (D)oO0o0D0o00oU0O00oO0o0O0O0 EPSOUODODOOOO
000 (C)0D0ooo0DOOO0O00DOO0oOoOoDoOoOOoOoDo
00 (Tc =000 Ta=7Tp=0)00000000000O0
oooooooo 700001000000 T,0000 30
O0o0000oooooooooooooOo SsBwooooo
oooooo

oo0o0o0o00o0o0 EpSO0OO0OO 20000000000
ooooooooooooboobooboo200000000000
O000o0oooooosSBwWoOOoOooooooooooooo
oOoooosSsBwoooooog

SBwWoOOOOoOOOoOOoOoOoOooooooooooooooo
oooOo0ooooobooobOooooooobooo20000000
000000O00000O0oO0O0o0oooooooooO SBW
goooooooooooooooboooooooooboobo
oooooooooooOoOoboOoOooOooOoOoOoOoOooooooboo
gobooooboooooobooboooboooboobboDbo
oooooo

01 Oooooooog
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