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Development of a Virtual Driving Simulator Using 20-DOF
Vehicle Model

Hyung-Nae Kim* and Seok-1l Kim**

ABSTRACT

Recently, the various driving simulator have been used widely to analyze the handling per-
formance of vehicle and to verify the motion control algorithm of vehicle. In this study, a virtual
driving simulator hased on the 20-DOF vchicle madel is realized to estimate the handling per-
formance and stability of a 4WS (Four-wheel-steering) and/or 4WD(Four-wheel-driving) vehicle.
Especially the DC motor controlled 4WS actvator is modelled in order to reflect the effect of the
responsiveness of actuator on the handling performance and stability. And (he realized simulator
can be applied to develope a real time simulation system for designing and testing the real vehicles.

Key wards : Virtnal Driving Simulatos, 20-DOF Vehicle Model, 4WS, 4WD, Real Time Simu-
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Fig. 1. 20-DOF Vehicle Model.
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Fig. 2. Block diagram of vehicle driving simulator.

€ ol 8% 7 F4 A gdolrg by 41

A, 222 Fe 37 Agag 7tz ofe)iic.

2.1 E}0{0§

glolelefl A} LAd= L AAEA BH AL
o7ldhE ey AEie] FHEML 45
o) siefAl w)$- S slchy & 5~ 9o}, ojeldt Fa
3 wFel gpolejs) S48 ’ﬂ"—}il"‘l Sl g XY
7] 9% A7) FYs| s glon, AHEs}e)

F3 Aggolds %‘*333}71 A Agste A
e o) Al agEL THe) sloloird g
H312 e A47) wel dubHeg 221452 2}
AR e HAFEe AFnds] gl
1= W-E elolof o) Sk YukS T sl7| wiie
)7k (Comerning  stiffness)it e 25 elo]ols]
g BVACE wdg £ UAw, IZAGRY
AFA DS ol fsle Afde 7‘35}3131 c}okst
chole o] AN E AFY 5 A= elolojrdo] Hg
s}, B Aol M= gfoleje] vl tn) vinY g
o] A eotolohx] WA st YL A= v
S22 Z(Dugoff) g}ojo] Bdfle Alg-sjeict. ol
X glolojrdol s elojefell 283l aubef
2} ¥ F., 399 8 F, 22z 3wbge) ¥ F .8

g o] F R}
Fn =K,-,,(Rmx-r ) {1}
F:f ﬂ' } (2)
Fe=Keg fap o = £(5) 3

o471 R} & Eloloje] o siaiulst A
A ANA, e elelole] 39 olngl g, e B
o{2] vl K., K2 K& 52}, ake 9
%”L?M efo]| 734, e i eleloze] ofy
A5E 27} vl

22|35 A (2} Gt ASHe chsak He)] ¥
A= & gapolr),

F(5)=5(2-5) if S<1

=1 otherwise 4

1714} ¥lolo)8] FAL s} uoln, sloloje] Foay
F2o thE chAee] Fadol £ A¥ele S
& ofelist Zol & % giv}.

g = BFn (1= uNré+tan’ a)( - ry)

NKiré +KitanZ o

®)

3H=CAD,/CAM2}s] =84 A3 Al 1 & 19983 3y



v’ A9, 249

=8 9747 B5E 28l AU Eo]ofol
A guperel o] WS AA bl A7k
sagshd, AAQde] zeiE P ¥ Foe
elolol ZRLLE Ag + ol el § Fo
12} 21207 Wels] Aekakee) 3024 4 (6
o] HHY 4 YT,

1

‘= F;
Fi=——Fu (6)

A7)H ARE v Golole] FALE u, elo]oje]
9 Adge 0%, 225 eholole] Alx) #H A
rol Sl ofeel o] Folaluk,

_ C*r,

ty

€

22 FE-HSZA

FYshe AFate Azl ulF e A2 8 4=
2 A8 v, 53] A7 Ay 7p-3F
£& ste A5e ol2i® Ate] F=el2A et
dob At o2 ole{dl vig e HA5S HNE
o) wiAe] APt weistw A=, B} 3
g AMA7E 27) As AE19 AEY
E3E 2% 927} 93, delrhA 4WD 753
o FA54A 4 e A-FF TEERY
el = 3 Ze{dfok dict. o]HF ML o)
A =3 7 ukgl o Aol Y P
B2 olelgh 3t

o= 1, (=rOF+TO) [ (-rAFP+TD)
) 1212

e L riFP+TO) —{ (=rAVF D+ T)
-1

L) Fr (O E 4 T = o (- O F 9+ TH)
v PTE

U Do (PO F LT [ (D FD+TO)
- Ia—13

7|4 Lot 1,2 AEd F789 U/ EAE,
Lo 12 AE 55 55 552 S 23
AEnE, F & egolojd ahgsle Tt ¢
oJo|gtel, e 71 FEA e ol 4] vl ol AEE=
E3 Te A-F§ FEE39 Puv A, 7+E53
AF732] AW Ny, 5353 F58709 3w N,
T2EA T, 282 AFEZ T 8 ol
7o) £& % gle}.

®)

(10)

(11)

CAD /CAM%E 3] =54 4l 33 A 13 19983 39

TO=05-(1-2)-Ny -T,-TM, i =1, 2
TO=05-A-N, -T,—T, i =3, 4

(12)
(13)

23 @A

A-5-2e) FhAA R 25438 A7) 9
A vl 7Y (Camber), 7}2E](Caster), E-9-(Toe),
73 72} (Kingpin inclination) -3¢ Z+-& ofz] 7]—7(]
= i} o) AP ASL
““4‘ elo|oj7ke] P& 2§ REE % "E"‘]‘?I

, 1 RelE= e}o} ¥ = (Tie rod), R332 (Steering

001“1'1‘11'1) 5o MY dog|A el

A9 elelze WY 27 A{2F
7ko| W3t AL, & Elol2 e {4 C, 2 AFolA
o} mRE M7 MPE o] &3} A] (14)8} Zo] F
A ¢ gleh

&'.E.? = C.‘rf M_g{j ),

=3 23AYe] v EY Wl A} BE2
Wiz}t AL, = 7 Exiqh(Pitman arm)®] Ze| L, &3k
Y a4 Cp 719175 N, 28l U EY
(Knuckle arm)2] Zo] L,,0 ]34 o}zlg} o) F
oz},

i=1 2 (14)

— paf Mt':l)"‘M_g(z)

Aoy =Cor 33 [—_Lw J (15)
webd A4 HEER$7 b oheat 2 Yel2 o
< T ek

8= Lyes Ll+aL@+el, i=1,2

NgL,mf 1o

4714 S FAAte] WEEF, vie EeAE
S s

2 ATl E 4WS AHE3Le] FHE ) g 3

Hol 7R e thest e MIE AT $EE
el ot 2R S S,
AR Yl oS WS Aol g
FE2GY 59 A5 FATYAAY 295
o web FFEY7} 5.8 Yshe zﬂowtu% 4
$3b7 oliel, 2 YA Ve A D o]
2 % Qe
8:=C\8 +Crur an

A7V O Cre DEERAT LESE0} FRE



WHGE AERRYE | §R HE F

Relurn Spring

e s e 5] it o o

seerim |
i i ’""‘" Verr  ypmeiy "7 Acteser 'Y pasimos Rear

Limit
Cautrald ey

/'U» -

Fig, 3. Control block diagram of 4WS actuator.
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