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Abstract : The bi-modal vehicle is composed of two car-bodies and three axles. Each axle of the vehicle has an
independent suspension and all wheels are steerable. Since the bi-modal vehicle has longer wheelbase than most urban
buses, the All-Wheel-Steering(AWS) system is adapted for to ensure safe driving and proper turning radius on a curved
road. This paper proposes an AWS control algorithm for stable driving of bi-modal vehicle. Steering angles and
directions of each axle of bi-modal vehicle changed according to the driving environment and steering modes. In the
case that front and rear axles should be steered in opposite directions is a negative mode, and the other case that the
axles should be steered in the same direction is a positive mode. For example, in the positive mode, front and real axles
are steered in the same direction, while in the negative mode, they are steered in the opposite direction. A multibody
model of the vehicle is used to verify the performance of the steering algorithm and simulation results of 2WS are
compared with those of AWS under the same condition.

Key words : All wheel steering(’d X}& Z%3F), Bi-modal vehicle(vlo]Zd A Al=4dx}3), Vehicle dynamic
analysis(X} % 58} #4])

Nomenclature P2 : distance between body?2 virtual rigid axle and axle3

. articulation, rad d : distance between axle 1 and body1 virtual rigid axle
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d; :axle3 steering angle
L1 :distance between axle2 and articulation point
L2 : distance between axle3 and articulation point

P1 :distance between body]1 virtual rigid axle and axle2

144



XAZERI FHHAES 08

AWS(AIl wheel steering) 0.2 \}= 4= ¢t} A =
Wol M 3= = 2o 32 2WS(2 wheel
steering) & AH&-3FL Qa1 &= 9] H9-ofli= UH 21
B 82k % v 1A XA AWS(All wheel
steering) 7} AMS-5] TSI} A4 TR e} B9 %
A7t 7] Wzl 18 A 319 o) AR L2
7 Ashe A8 Bde 98 4 ok meka A
TS = AN EAFY 49 kAT M3 E
213l AWS(All wheel steering)o] RI=A] B @ 84 A F
o AWSA 28l0] GRES AFR}) FALE, W
= =72 9 9E 5 (Yaw Velocity) 9] &h4== 4]
FE 2P74L Aolshs WEe ALgshT gloh
283 o8 8 FEZ P A0S BN AL T
Yol Mo} £EQT L& FaAAe) HRIebaaL
dEoR ANAL, 0] @ ATATE Bol
BEHIE EH WS A 28-S &Pl 4 2
NS LR AR ELEES EREERE:
F 2% FAo A Heko g Az Fao] 7l
strhs A} s e e MR oA FrEAL FA
$A] MR 24 AN 7N FEH AL 747
= A7 39 v ok gy, &
AWS/6WS }e¥a) Tra] B o7 iAol A A2 A At
23120 1_1%/H o T :[L/HE]c)] M_]_, =] 1:]-]51“ ;(].x-]]
°ﬂ 25, 5 A ZA G 15, F 3502 o] Fo)x gl
o A2 dAg] A AE 23 FYPRcE
o] MEL WIA WE ZFgEHE AY
(Nagative mode)3} & 2] H-gko) HF 3} 2-&
O % ZTE T4 23K Positive mode) o
Foi lnk. ARBAAFE Sl mjet
35 Ade) 23y PAL 9
n4:9) 49 A b FHE
o 2 3hr} wdl bk o
A7) wAlsl L, 247t
Yo 28R A4 23 229 .
kA A2 A2 3ko] AWS(AIL wheel steering) &= =}
FEE, FARE, AR 207 59 Y4
o weh FEE 2ok Aladolth i F )
o A A 2% YRAFS A4D ALY
o] 8 EAJof #gt A+ 2 AL vjn] i}
Wb B AT A S o] 2 28 A A E Ao

o o

i

o

.
0%
o, IN o X

et
L T o o Ht

2
4

(0]
—__Qtl:[“
)
;
1

e

:\9:&9

NS o
off
7
0%

N
>
2
=

o
-

o 2
EN
ot
o

18,
ik
o
)
N g

Bt mx

a0
Hy

g e

il

N

—_

AL 5E= AWS Alo] ¢z
A 55 T2 3 ADAMSYE
A3 2 wdg B3 AWS g &S AE )
ALt T3 FL 218 A A 28 g
2 483 LYAWS)F} A -&-31R] = ZE(R2WS)
) FHEAS A L vlwdta, A H 23

S 4¢3 Aol he AT AESTh

= Agteta, e o

o] &3l &

o

2. Me=2A1Ee MA
Aol ThAel A AL B Sl A
Zol 2AWMART} ¢2.9-32m 71 =AE 7}
Atk $AE T AYZ AT A
T}-2-©] Table 1o} Lhehf 21c,

° 4,

O
R
1

N
o Rl o rfe

o

Table 1 Bi-modal vehicle specification

Division Bi-modal vehicle
Overall length (mm) 17990
Overall width (mm) 2540
Overall height (mm) 3120
Front section 7700
lef;ﬂ); > Middle sec.tion -
Rear section 7575
Over hang Front 1190
(mm) Rear 1525
Wheel tread Front 2204
(mm) Rear - 2161
1st Axle 275/70R22.5
Tire 2nd Axle 385/65R22.5
3rd Axle 385/65R22.5
Gross Vehicle Weight (kg) 16850
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Fig. 1 Bicycle model of bi-modal vehicle
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Fig. 2 Bicycle model of the 2nd axle steering angle
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Table 2 Bi-modal vehicle specification

: - Val
Variable Description (n?mu()a
« Articulation angle -

) Axlel steering angle -
05 Axle2 steering angle -
0q Axle3 steering angle -
L Distance between axle 2 and 1123
| articulation point
L Distance between axle 3 and 6452
? articulation point
p Distance between body1 2900
! virtual rigid axle and axle2
Distance between body?2
P : . 320
’ virtual rigid axle and axle3 0
d Distance between axle | and bodyl 5400
virtual rigid axle |
P P, X tand,
6, =tan '(—) =tan"' 3)
R, d
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Fig. 3 Bicycle model of the 3rd axle steering angle
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Fig. 5 2nd, 3rd axle suspension model
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Fig. 6 Full car model of bi-modal vehicle
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Table 3 Axle weight comparison

Ist Axle | 2nd Axle | 3rd Axle Sum
Real weight | 5,0 5730 7650 | 16850
(kg)
Analysisresult | 2000 o | c4977 | 79268 | 16850
(kg)
Error (13%) | (4%) | G5%) | (0.0%)
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Fig. 7 Vehicle trajectory during constant radius turn
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