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A Study on the Vehicle Dynamic Characteristics

for Crash Avoidance

Young-shik Song

Department of Automotive Engineering
Graduate School of Industry

Pukyong National University

ABSTRACT

Evasive tactics may be inferred in reconstruction from descriptions of
position and movement. This is done by relating velocity and position of
one vehicle to another, or relating velocity and position to features of the
§urroundings, such as view obstruction, grade, curve, and traffic control
-devices. Dynamic stability is an important factor in vehicle design.
Especially, this is_a very critical problem in limit driving condition for
obstacle avoidance maneuver. Dynamic stability can be divided into
directional and lateral stability. Losing directional stability can yield spin
out or plow out and lateral stability can yield rollover.

In this study, driver model modified from an existing model is used to
simulate vehicle steering dynamics for a 8-dof vehicle model with STI tire

model. For the demonstration of this model, a SUV(sports utility vehicle)



and a full-sedan were simulated. The simulation showed that braking
combined with steering caused very hazardous situation in crash avoidance
maneuver. 8-dof vehicle model was used to analyze the vehicle behavior in
step and pulse steering input with MATLAB program. Simulated results
are in good agreement with vehicle test results. Vehicle handling
characteristic parameters which are very useful in automobile suspension
design are evaluated from the analvsis.

In this study, vehicle stability is investigated for a vehicle model in limit
driving. The model was analytically validated using typical step steering
and lane change simulation. Limit driving condition for the vehicle model
was quoted from research results of reference. It was demonstrated that
instability vehicle motion was caused not only by road condition but also
driving conditions. Also, the simulation showed that braking combined with
steering caused very hazardous situation in crash avoidance maneuver.
Finally, phase plane plot approach was used to evaluate the dynamic

instability.

Key Words @ Evasive tactics(33 %), Dynamic stability (& & ¢F4 43,
8-dof vehicle model(87Hr = A3 EH), Vehicle stability(3}3F o} 4)

Crash avoidance maneuver(%E %3 A %), Phase plane plot(%} 14 @ %),
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b) Braking

4y 8¢ = geceleration
& Fy = tire horizontal forces

F

tire normal lcad or
vertical force

m = yehicle mass
b = coefficient of friction

z

¢) Cornering and Braking

Fig 2.1 Maneuvering Induced Load Transfer Effects on Tire Horizontal

Force Response Capacity
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(a) Top view

X b a
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(c) Front view
Fig. 3.1 A vehicle model
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Fig. 3.3 Typical relationship between slip ratio and longitudinal force
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Table 1 Description of tire model symbols

Symbols Description
a 459 2ol
F, Efojo] 2 ¥
K, ek 7HA
K, Y A
#ope Zuhek viEA S Hogk
P g viaAE Aoz
S FUE &9
a 2d =9
F 77 AA BAF
T Erolo} =
T, Ejolo} ¥4}
Ka Elolo] HEW AAA T
golo] gAWE] T
CS|FZ el s i
e g daw A
AgALA, A 2UE AT
Aq Ay gt A A
B B. B T2 skl e o
1<+ Jx s 4z %“01'5(} _539‘] %i% HI}-—
ZZ 3ol og Ao
Bly»BSy’B4y YEE B o e
AU Iy #AH AT
K, 24 2elE 724
G1.Gy 9 ZE A$
K, A 2P AE FAAS
Y, A 7HA
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Table 2 STI Tire model Parameters

Parameters SuUv Full-Sedan Units
Ty 6.5 5.8 ft
Ay ~167.38 2438.1 Ibs/rad
Ay 21.688 15.99 1/rad
Az 3433.8 3787.3 lbs
As ~0.088474 -0.0869 1/rad
Ay 493.27 343.3145 Ibs
K. -0.1986 -(.103 -
Ky 4463.3589 0 -
Kux 0.3628 0.6077 -
T, 36.0 35.0 psi
By -1.2236E-4 -1.6516E-4 1/1bs
Bay 1.1235 1.16 -
Bay -5.6631E-9 -2.5069E-8 1/Ibs”
K, 0.9 0.9 -

CS/FZ 19.9304 16.7535 -
oy 0.85 0.85 -
Fzr 1874 1400 lbs

G 0.4299 0.042 -
Ca 0.5983 2.104 -
Cs 0.6317 2.0724 -
Cq 0.4436 0.4411 -
Cs 1.2732 1.2732 -
Gi 1.0309 0.9789 -
G ~0.6117 -0.3344 -
Upx 0.85 0.85 -
Bix -0.00010636 0.000857 1/1bs
Bax 1.0284 0.70402 -
By 8.8379E-8 ~5.0229E-7 1/lbs”
Kix 0.3308 0.3984 -

_21_
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Fig. 3.4 Responses of Lateral tire force
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Fig. 3.5 Responses of longitudinal tire force

1000

Lateral Force [Tb]
o

5

-1000

40

Longitudinal Farce [lb]

Fig. 3.6 Interaction of lateral and longitudinal tire
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Fig. 38& o9 & WiE 249 Axrde B2h5z Jehd A

olth. 4714 L& AWFAALY, Lim) ¥ B AW3FAA(aim point)o] 2}
FE7|E Fh o] o, Aol

ASaolis HEERHE ¢u 7o) MEERS wohss mAETe Da
85t |

ol A HEAo] 33ly] qRe) Sz

, (5 Lateral y
Yoi_ . € | Driver model P displacement —p

transfer function

transfer function

Yaw Ld)

—> angle —:5 '

transfer function

y+ Ly

Fig. 3.8 Block diagram for a vehicle/driver model

_25_



32 a7 Fost vdo vug

AE R, E-2d 2d, 383 golo] 2l Ug AEBH|MS 7] 9
341 MATLAB/SIMULINK# 7 o] 4 C-MEX S-function - giate 7t vy
of thaf AM&z o] B2g ApAsac).

C-MEX S-function®] 71%2 Folzx Zdo gt ujiulg 2z n] 2-H-g )
°of AFE CUE Helr Tzagus & MATLAB# 7oA 774 5}a]

SIMULINKA A @ B8 ez ALeg 24 9t}
Fig. 39% g 2354 A EdoAL 37 98 AFES ey 2
&9 Bd B2 FEEIE JYor Fug oy sE Al 4H3lo] €lo]o]

22 259 QYen At FUF 9% YUT &4, o A7 4
o9

AE B h=4
wFe] 258 V&= Haol Elojo] Ru B2 Hes AEZL Aabs
Hol}
" [
Te  [Wheel SPinI s Tire Fx, Fy Vehicl_a
> D
Model Model »| Dynamics |—p
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Te : Engin Torque

Te : Brake Torque

§ : Longltudinal Slip (Slip Ratio)
Fx : Tire Longltudinal Force

Fy : Tire Lateral Force

Fz : Tire Normal Force

a : Lateral Slip (Slip Angle)

¥ : Camber angle

Fig. 3.9 Block diagram of vehicle steering characteristics simulation
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Fig. 3.10 Customized blocks of vehicle model, tire model, and wheel-spin
model
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Table 3 Parameters of SUV and Sedan

Symbols 1A% Sedan Units
M 1737.3 1649.1 kg
m 1514.8 14711 kg
L. 2706.1 30482 kg - m*
Loxs 529.7181 437.7937 ke - m?
a 1.0317 0.9677 m
b 1.5463 1.7252 m
By 0.6818 05425 m
e 0.2106 0.5425 m
oLla¢ 52421 53016 N/ rad
aL/dp 4867.4 5598.7 Nm/radls
T, 1.4733 15484 m
Iy 1.3558 1.3558 ko - m?
R 0.3353 0.3124 m
o 0.25 0.25 -
Krse 0.5297 0.6118 -
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