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ABSTRACT

In this paper, dynamic performance of 4WD/4WS Electric-driven vehicles is investigated.- A
coupled dynamic model is introduced for longitudinal, lateral and yawing motion of 4WD/4WS ve-

hicles. Based on the coupled model, dynamic performance is analyzed for steady-state steering, ac-

celeration steering and brake steering, respectively. These non steady-state cornering analysis is

important for non-paved road maneuvering, trajectory projection for armored vehicle and future
AVCS(Advanced Vehicle Control System) technology. Simulation results are obtained based on a

simulink module for the introduced model.
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Table 1 Vehicle Parameter

Wheelbase 4m
Vehicle Weight Ston
Moment of Inertia of a Mass 18,750kgm?
Distance Front Axle to CG 2m
Front Cornering Stiffness 318,490.7N/rad
Rear Cornering Stiffness 280,110N/rad
Motor Power 30hp x 474
Rolling Resistance Coefficient 0.01

1500rpm(78.5m/s)¢ll A 30hpE wAsl= AF}
F52 4ANAT. I AYH L 452
F Aafol N AEZFE, AF A FA
N FYSE 1T 2 $YLE P X

Fayzhe RS GTeSo| 713 gnrst 5
AT} B =Rode A52PAe 5PHoe
FolA] 559 thapd zuYHo) AM 24T
o ulAe JPe Loluua) Al A A
o Beg A% Belu|Ee Table 1o Lepy
259 A 2 $E2P7 Qe Figln 2ol
AR B =RoNE #, $2gzte g
T ARSI AA s ABHolH At B
B4, M AA, AEHAN Y YrIEE, @
L&, YrinAze qaly SHe v wHY
ok, mlxlgto s WEE 2¥zte] A glo] I,
¢ TERES TEH Holz A% )} 23}
AT AESHTR 9,

4.1 SHITM Xz 55Y

FETGo] A 28Tl e} VX IF
S Yolrz] 93 25.79m/s(92.84km/h) 9] & &
2 523N HE 0.5 8 0, 38 05 &
§ —05, AE 0.5 F£§ 0.25° 9 A=A A%
of tidle] Al e]do] LY} ojde &
THE) AQle] AL (V) A4t He
2 4 (9t g wAyelE L 4 (12)9 4



AWD/4WS A7 F A% T84T Jeay

sidesipidegress)

= -
=78
F-4
g Y]
T
1.1
28
. o angie = 0.5 deg
a4 L] 0 ] =
timajymc)
9
s o i pnghe = 0.5 dep
7
F]
5 .
E.n v ki wngie = 0 dog
3
2 s anghh = 0,25 dag
1
']
4 3 T 3 —
- tma(anc)

215

fear s angle = 0.5 dag

Luinenl nocelsrabion{g)
£

B

St angie 2 O deg

bt wgle & 075 deg

135 n

I

02
0 T St vl & (.25 dey

02
a4
o8 ar arghe & 0 deg
as

1.2
-1.4
-1.8
18

s W anghe ¥ L5 dag

H 0 kI -
tmeisec) '

Figd4 S 8T9| L (XE :0.5deg, £F : —0.5, 0, 0.25deg, =I|&E : 25.79m/s)

(15)%& A4 23 4¥Rdo] UL}, Figdol
A BXo] Fgzgkzte] 0°Ql B (2WS)9} 1)
WEE, FEZHZo] vig A= Agdy
€ AR s YridhEet 2 Y& wr) 37}
#2 B 4 Slon ZExgzte) pe g 3
e Adx T2 $ASEAN YujnHz}
o] Aol A ekgket. ol xjeke] mapwH
¢] Fig.8(a)d] RoR&d| AWD/4WS =}eke)
DEFYA] TE2PAL ASY D= s A
4 bgAe] H 4t 8 FAY 2PFL o
£ F U3, FEEYe| AEFH e W
¢ hRAe 2 dale] A&F YA 5
< 9L 4 rk.

4.2 JISEMA XY 25

[—Tam K~}

A71Me Zgo] ko] HaA zapo] o] Fo]

A= A4 2 FEYL SHsaq aot z2)s

= 10m/sellA 4WD FERE7} slso] He
Aolm AYE RES] FEEN Ty Eyz
A7 05° F5F& 44 057, 0°, 05°2 =
FHE A dF PSE, atdse S

A EZL o)d] mE AHE FAEEY. Fig.59l
M BRo| FEZYLA gl APLmE A
9] AT} 2 $YEE0) AL FE2GAL
2 AL 397 13 BE $94L v
ojwj 8] AYPLEI} olF e Howg YrEw
0.1g AEol oty welr iAo EAQle)
B} & 2374 23818 £ A @ wEA
AWSAFo X FE2FLE BEF Y2 e
o] 7142 AL B4 AFA FUlEd we
A A & (Fig.8(b) =) R AN Zuie
A el Fad oy f42A BolA AH
E Fojo} 3}, o7]|M E §71A] Holg AL
V&2 FEZYPZe| AE2Jn e g
B A 2P4%0 F o|So] YL Wuk op]
g 9 @& 2= WviuRge] 2 Ho
FHAANA B2 & 5 Aot

4.3 ZLSHB[A A E54

4714 o) F&g HUA T o] Fol
Ae B¢ 2 F4L AHH2A Do) ol
25.79m/s(92.84km/h) 8] £52 g|t}r} RE



216

]

AEF- A4 -420-935- 3739 - 248

longitudinal velocky{misec)
B

—
.

14

ot arve 2 0.5 dag

iy il N1 2 O iy

o stmev angle = 0.25 deg

03 5 0 5 p:
tima{sac)
Figb 7} 5j&2| HR(HE :0.5deg, ¥5:

18
% 14 e stwer angie = -1 dag
212
'§1a
e
z 8
= 5 nbowr angie = 0 oo .
4
wieer angie = (.5 dag
2
0
% 5 0 5 20
tima{eac)

Fig6 2<% 3ixo (M

0.3
g 0.2
% 04 AT Sl Sk = O diy
0
3
01
02
03
04 Pl S anghe @ 0.5 deg

[-X)

FAr Sty angle = (.25 deg

-as

li'-(lﬂ

—05, 0, 0.25deg, X7|EX :

10.0m/s)

1, 0, 0.5deg, =7|&KE : 25.79m/s)



217

SWD/AWS A7) 7% %o SA%Y Aed4y

5 10

Fig? TEH XI0|2 0l2t x| THEN(LEX DEQ| TEH0| AZ =Eje] 70%2 ¥

time(aec)

E B & 2 8

xm)
B
+ s

100{80  wtrtmt+ remr = 0,25 dag

3]
S0y

e,
»

mem = Ddeg
ocoooo rear = -0.5 deg

3 T T3
tmetaec)

2)

100 150 N
yim)

o

&0

(a) §% BHAl AF A3

200 v
-

00L- e

50 100 w0 = M;(e)n % i
yim) m
(c) 4 BAx A AH (d) FE Aol A A A

Fig8 S%, 714, ZSAl, 158 &0|2 I8t A2k HH




218 A2 AR - A0 -AA5-FAF 248

dA B TEHY FFE D B9
Hgola Alxglel ¢]j AFHo] zk2} 1000N
4 7jAga gl dE8d 17 £88 44
0°, —1°, 0.25" 9] AI7}A] 3¢5 == A%
A Agdold d#7 Figédl Bel 31 3l
t} FPLcE NAE BF A5 Ve &
20z < 6m/sE ZAHAT FEZYG0)
—1°91 A%x olut} ozt o AAadHYIL B
+ sloith. FFxee] AP v
¢ FA% dde & & dod yg e
7} 24 (rollover)7} Aol & UL AR
Ang HRAd BAZ BT & Aok gl
V£ 9} npEATNA 2 F& 2T JA] 5
g e A=) S (Fig8(c) Fz=)o ol
Z8F EAoln, 53] &3 qANUA &
Fojo} He A FAsdl oie AE, FEZSY
9 34§ z=Ho| FHPH oo} Fuh. ol& B
wE WIS dorg ¥ AARAZ A
t}. . .

44 TEY xjo|2 oI T

B Rde 3438 ople) EfAgonE A
4 JVsstEs nAE 29FE U AWDHF
o ¢ TEHY Aol F ol gl AFe TP
ke 7VeAdS AEsa v zr|&% 25.
79m/s(92.84km/h) 8 FPahs o] =P
FAYN F, & TEXH g 2719 F5Y
2 FojA I 2L A3yt +-FRHY
T s2rE FEH 70% % AP
78R o A geeld ARt Fig7d) v
dot. BArkEEe Ao 0.029g0 @& JHA,

2ol (.011rad/sec(0.63deg/sec)2] A4
AN %L A AJY gejodde —-0.14°
7} wrastE e}, old AFAHL Fig8(d)el &
oA e wviel Zo] FWgow 450m 36}
e ¢ Huden ¢ 40m o5 WUEE & F
g}, o] dits 4WSe 7-9o vjElA 2L 3
HEEger I 4 e JHEAAE BT
o},

45 FTIH Xolet =gZ0| SAl0] JIEA|

=3

448004 aizg 58 ol ($5F FEY9|
& 7EYH Y 70% 7 Al &7 25
41809 o] TH2HE FAA Al A
o] 2T E HESIA ok AF 057, ¥
F 0258 7tels A% 7% EE 01gxho
%zt o %7}5}%1@4 29&E:= 2.5deg/secE
F7hslad o & 2T L 4 T USSR
4.

5. 8 B

AWD/4AWS A7 TF] Ao 3285 Hl4
q 2eg il ¢ g geege
HAsia. P Ra-g AEr] 9%l 7
9, A58 4 3F2PLe gPos sl
319 Simulation ToolS 743ty oz =A
el A Al g o) g st AEH A d
%, A& 2 3EFE dgEe R 2
A9 2248 F7 AEF Yot xRy
F712 Q% HAAEAS HAEE & F A
I FES AEE gL WPow YPdE AL
ad & 2F0] FaEL ekgAo] F4E-E
& = A 3, AR FEEFAY o
2} Yrpihe, g eddn L o] oy 7gs
Al A=, 9] HHdg FFo] o]FojA|=
AL SaEre A=A {834 382
T Qg Aotk a8 e FFHY AR
Q1% =% JHeA T HEIN.

sfoz o] A= A¥sE Elolo] RS 4A
geirle o] g Bu} P ¥R £
& dolof dn] A7HE5L 1l €9, 9F
g 3 L&Fo] A% 38 Bdg AEHelA
g ¢ e TIPS A EEle Aot

tlo 4

B

2 o2 8

1. N. Matsumoto and M. Tomizuka, “Vehicle

Lateral Velocity and Yaw Rate Control
with Two Independent Control Imputs”,



AWD/AWS A7 7% A Fd83 YA 219

ASME, Jounal of Dymamic System, Mea-
surement and Control, vol. 114, pp. 606~
613, 1992.

. H. Higasa, F. Ishikawa, H. Nasu and S,
Hayashi, “Vehicle Motion Control of the
Four Wheel-in Motor Drive Electric Vehi-
cle”, 25271438, 921068, 1992.

. J. Maretzke and B. Richter, “Directional
Control of 4WD Passenger Cars-a Study
by Computer Simulation”, SAE Technical
Paper Series, 861370, 1986.

. Y. Matsuo, A. Okada, 5. Kasuga and S.
Sekido, “Intelligent Four-Wheel-Drive
System”, SAE, 930670, 1993.

. S. Sano, Y. Furukawa and S. Shiraishi,
“Four Wheel Steering System with Rear
‘Wheel Steer Angle Controlled as a Func-
tion of Steering Wheel Angle”, SAE Tech-
nical Paper Series, 860625, 1986.

. H. Mouri, J. Kuroke, F. Sugasawa and M.
Irie, “Handling and Stability Improvement
Achieved with Four-Wheel Steering”,
Proceedings of the Institution of Mechani-
cal Engineers, October 24~-25, C441/88,
1988.

. Y. Hirano, H. Harada, E. Ono and K.
Takanami, “Development of an Integrat-
ed System of 4WS and 4WD by Hoo Con-
trol”, SAE, 930267, 1993.

. M. Nagai, “Active Four-Wheel-Steering
System by Model Following Control”, Pro-
ceedings of 11th JAVSD Symposium, Ve-
hicle System Dynamics, Vol. 18, August
21~25, pp. 428~439, 1989.

. M. Abe, “Handling Characteristics of
Four Wheel Active Steering Vehicles over
Full Maneuvering Range of Lateral and
Longitudinal Accelerations”, Proceeding
of 11th TAVSD Symposium, Vehicle
System Dynamics, Vol. 18, August 21~
25, pp. 1~14, 1989.

10.

11.

12.

13.

14.

15.

16.

17.

Y. Watanabe, Y. Kusahara, N. Hataq, S.
Hasegawa snd S. Takahashi, “Effect of
Rear-Axle Steering on Vehicle Controlla-
bility and Stability of a Medium-Duty
Truck”, SAE, 933007, 1993.

D. Karnopp and D. Wuh, “Handling En-
hancement of Ground Vehicles Using
ASME,
Advanced Automotive Technologies, vol.
13, December 10~15, pp. 99~106, 1989.
A. G. Nalecz and A. C. Bindemann, “In-
vestigation into the stability of four wheel

Feedback Steering Control”,

steering vehicle”, Int. J. of Vehicle De-
sign, vol. 9, No. 2, pp. 159~178, 1988

N. E. Sanchez, “Nonlinear dynamics and
control of a four-wheel seering vehicle
using symbolic-numerical approach”, Int.
J. of Vehicle Design, Vol. 15, Nos. 1/2,
pp. 81~98, 1994.

Y. Furukawa and S. Sano, “Effects of
Nonlinear Rear Steer Control on Steering
Response During Higher Lateral Acceler-
ation Cornering”, Proceedings of 11ith
JAVSD Symposium, Vehicle System Dy-
namics, vol. 18, August 21~25, pp. 248~
262, 1989,

X. Xia and E. H. Law, “Response of Four
-Wheel-Steering Vehicles to Combined
Steering and Braking Inputs”, ASME
Advanced Automotive Technologies, vol.
13, December 10~15, pp. 107~127,
1989.

L. D. Metz, “Dynamics of Four-Wheel-
Steer Off-Highway Vehicles”, SAE,
930765, 1993.

K. Huh, T. E. Pilutti, A. G. Ulsoy, C. C.
MacAdam, C. G. Lin and R. D. Ervin, “A
Lane-Departure Warning and Control
System”, Univ. of Michigan Transporta-
tion Research Institute, IVHS Technical
Report, 1993,



18. £F7F, $84, “4B27 SHE ol &
@ 2Fe) iAo, F2FATEE, &
AlstEdE, 943967, 1994,

19. AAE, 12N, “AFr] FAY%He 1A 4
B2Y A% AN, a2AFATe

HEF-AAN- 20 -335-339-24%

8, FA e, 943966, 1994.

20. o], FAHY, MYY, ZAuUd, IEE,
“RA-AFARD L ©]-4F 4FEZFAF
ko] FHEHN", @IAFAFeE, 2
A g, 943964, 1994.



