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Summari.The problem of the automobile course stability is
considered. The change of the car stecrability based on the
analysis of non-linear bicycl model is analyzed. Gencralized
dependence determining “the steerability curve™ is obtained.
Conditions which caused the loss of stability with increasing
speed while moving within the constant radius circle regarding
the bifurcation set arc analyzed.
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INTRODUCTION

The increased interest of researchers to study
the dynamics of vehicles in recent years can be
explained by increasing the mumber and growth
rate of their movements, the increase in total
traffic, the constant upgrading of vehicles, active
introduction of automatic control clements in the
various components of the car. This determines the
need to improve the reliability and safety, requires
an assessment of the impact of all the
improvements introduced in the behavior of the car
under different design solutions and traffic
situations.

Studies of the dynamics of modern road
transport differ considerably, wot only from the
classical, gocs back to N. Zhukovsky [1], LV.
Rocard [2] and others, but also the methods of
twenty - thirty years ago. [3] Development of
computer technology allows us to consider
vehicles with many degrees of freedom [4, 5].
Methods of computer algebra can wrile i an
analytical form of the equation of motion, in terms

of the vast specialist performs the conversion "by
hand." The combination of these methods with the
numerical analysis performed on high-speed
computers to detcrmine the movement in a varicty
of conditions.

At the same time, growth in the number of
publications indicates a large number of intractablc
problems. Among them - the determination of the
dependence of various dynamic properties of the
system, such as stability and handling, or the
naturc of thcsc properties on the loss of ccrtain
parameters of the problem; nonlabour-intcnsive
and reliable identification of numerous regular and
physical parameters of the problem and the study
of the "scnsitivity” of the mathematical modcl to a
"depth modeling " in particular, the number and
choice of degrees of freedom is not only necessary,
but also sufficient for an adequate description of
certain motions. Studies [6] showed that a
reasonable reduction of the number of degrees of
[reedom is accompanied by significant savings in
time and resources, has no significant effcct on a
number of important practical motion parameters.
This points to the necd for the most complete study
of the properties of the simplest modcls and
increase the number of degrees of freedom only
when necessary.

As work on the dynamics of the most
approaching the ideal choice for the complexity of
the model, you can specify the work H. Troger [7 -
91, Lobas L.G., Sakhno V.P., Soltus A.P. [10 - 18].
In these works for the simplest models of plane
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equafions of motion arc written, developed a
process of elimination reactions, studicd the
stability conditions lincar motion systems.
depending on the speed of moverent, are the main
mechanisins of instability associated with the birth
of the pendulum and "serpentiform" movements,
found a weak "sensitivity" of the results rescarch to
model the behavior of the driver's choice.

Based on the simulations, a pumerical study
of stationary motions under the influence of
various stationary disturbing factors: constant cross
wind, the side slope of the road, move in a circle.
The first approximation buill various sections in
the space of parameters of the stability regions.
Proved that nonequilibrium systems inherent
bifurcation. Reaching the stage of bifurcation lost
stability and control. Alternation of stability and
instability - a common phenomenon in the
evolution of any open system, and the process is
irreversible.  After passing the Dbifurcation
probability of returning the system to ils original
state is very small.

Active car safety 1s largely depended on its
steerability. Automobile accidents largely result
from the loss of steerability [19]. The major part of
accidents are caused by skidding and fixed
trajectory deviation whilc maneuvering. Therefore,
the preservation of qualitics of automobile
dynamic systems is of great importance for solving
practical tasks. Our paper deals with investigating
the automobile models with understeering and
oversteering. Necessary and sufficient conditions
for car steerability change are analyzed.

SETTING UP THE PROBLEM

The model with Rockar’s flexible wheels has
the following form [2, 20]:

Vo koky P =m V(i a-k,b)
® Y Y SRV

R=

D)

where: V' longitudinal speed constituent of
the of the aufomobilc mass center;

o'— angle velocity of the automobile relativ
to the vertical axis; -

ky, k> — coefficients of slipping resistance;

! — wheelbase of the automobile;

m — mass of the automobile; _ :

a, b — distance from the mass center to the
front and rear axles of the automobile {a+5=/);

8 — rotational anglc of steering wheels.

The form (1) is valid at small angles & and
determines the trajectory radius of the point on the

longitudinal axle of the antomobile (fig. 1). The
speed of the point numerically coincides with the
longitudinal constituent ¥ of the mass center.

Fig. L. Parameters determining the position of the automobile
at fixed tam (Rockar’s flexible wheels): the turn centre and
relative position of the automobile

- The position of the automobile is determined
by the trajectory radius Rand distance L (from
indicated point to the centre of the automobile
mass). o
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Motion within the constant radius R at
various velocity results from the form (1), obtained
by the solution relative to ©

Rt L 1‘1;}

L=

) l‘(l_VE,/V;)ziJ,E_E‘I* a
kl‘gz

R R
Followed by the equation (3), the gradient of
the understeering [21] in the case of non-linear
slipping hypothesis 1s defined by

3
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THE INVESTIGATION OF A NONLINEAR
AUTOMOBILE STEERABILITY MODEL

For a linear automobile model with flexible
Rocker’s wheels the steerability (1 — understeer, 2
— ncutral, 3 — oversteer) is known to be determined
by the relation of the dimensionless coefficients of
shppmg resistance for front and rear axles: | -

fc >k1,_-k —A,,3 k<k
At automobile’s moving within radius R ith
various  velocity ¥ (longitudinal  velocity

constituent of the mass center) Ackerman’s angle
should remain constant

!/R=9+52_5|-' (4)_‘ -

Therefore, the turn angle of steering wheels
1s determined by

6=1/R+(5 -5,) - (ﬁ)

The geometric approach to the finding of the
second constituent in the form (5) is given below.
A number of cquations determining the set
of stationary regimes for a bicvcle model of the
automobile can be changed by the followmg
equation {11}
72
Y(5 -9, )——(6'+5 -38,), (6)
gl

Y=Y(5,-68,) - a stationary
curve determined by dimensionless dependences of
slipping forces for axles (fig. 2)

Y=¥()=01,). O

Sloping angle tangent of the mobile straight
line is proportional to the square of the longitudinal
velocity constituent of the automobile mass center

Vz

g1
the parallel displacement of a straight line.

Points of intersection of a straight line and a
stationary curve correspond to stationary regimes
of the model (ordinate of the point of intersection
¥ determincs the specific side acceleration of the
mass center s for a corrcsponding stationarv
regime, its abscissa — the difference between
slipping anglcs on the axis (5, - &,).

With current value of Y the difference

(8, —96,)is determined by the function G(¥),

conversc to the function ¥(d, —6,).

where:

, lurn angle of stéering wheels 0 determines

{3
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Fig. 2. Drawing a stationary curve ? = )7(52 —5,) ta-
diagrams of slipping forces for front and rear axics, as

functions of slipping angles; b - multiple roots of the equation
®

Initial
=¥,(8).

Having accepted these dependences for & 5,
we have 5;=F;(Y) s (52 =F2(YJ R (6) - 6}) = Gm=
Fy(¥) - Fy(3).

For drawing the curve G(Y) (fig. 3)
diagrams of slipping angles dependences &,, &,
for front and rear axles are initial ones, as functions
of slipping forces ¥ .

Having determined the function G(Y), we
have 0 by the equation (5): _ o

@=1/R+6,-6,=1/R-G(). ®)

In the case of the linear slipping hypothesis

. k, —k
(6, "51 = ( .
i kyk,
determined equation [22]

dependences  are  Y;=Yi(§;), T,

}-Y) we have the -earlier

_ k, -k
0=1/R+(=2=Ya /0.
(kk a, /g )]

2
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~ Fig. 3. The curve G(Y) _

The change car steerability occurring
sometimes in our life [22] (fig. 4) cannot be
explained by the linear slipping hypothesis.
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Fig. 4. Dependence of controllability: a - diagram of the
steerability corresponding to the linear slipping hypothesis; b
- virtual alteration of the automobile steerability

In our paper we try to explain such
impossibility by the analysis of the non-lincar
bicycle model regarding nonlinearity of sideways
slipping forces (monotone dependences with the
function of saturation

Y(8)=k5,(0+k’8} 1 0)"* are regarded).

Analytical conditions for changé car’
steerability are provided for indicated dependences

determining slipping forces: @, > @, is necessary
and adequate (inadequate turn — excessive tum) to
the model with understeering I“c; > I;l; @, <@, is
necessary and adequate (excessive turn —
inadequate turn) to the model with oversteering.

Both cascs arc realized by the specific sideway
acceleration value determined by

& -
L ———. (10)
o3 (kY -l ()*

We are going to draw the diagram of the
steerability for definite numeric values (for
oversteering).

The distance between the front and rear axles

Vz/Rg=q>1(02\)

is
I=5m.

Dimensionless  coefficients  of slipping
resistance:
k1 =3,300; k2=2,526.

The critical velocity for linear motion is

I//;p = ‘Jg’g . l .EI'EZ /(7(1— Ez ) =22,98 m/S.

The influence of the changeable clutch
coefficient variation for the front axle in the

sideway direction @, ={0.8,0.75,0.7} (clutch

_ coefficient for the rear axle in the sideway

direction is ¢, =0.8) on the diagram of the
steerability (R = 30,5 m) in the case of the non-
linear slipping hypothesis is illustrated.

We cnlist below the values of specific
sideway acceleration causing the change of the car
steerability based on the analytical form (10):

for ¢, = 0,75 we have Y =0,59, ¥ =13,28 ms;
for ¢, =0,7 - ¥ =0,47, V =1188 mvs.

Stationary motion  regimes
(R =30,5m) with increasing longitudinal velocity
of the mass center is realized. The loss of stability
takes place at ¥ =13.03 m/s [23] (fig. 6); unstable -
circularregimes correspond to the dotted lines of
diagram.

circular
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stecrability:  for ¢ =0,75 we have Y=072,
V=147 m/s.
Stationary  circular motion  regimes

( #=30,5 m) with increasing longitudinal velocity
of the ccntre of mass being realized, the loss of
stability takes place at ¥V =1438m/s (fig 8);
unstable circularrcgimes correspond to the dotted
lines of diagram. & o

Vs

r - - T 5
-5 -0a0 -0p8 nos b 023 & rad

ohr abs  obt ol  aiz  01ef,rad

(7]
Fig. 8. Diagrams of the stability within the plain of a model of
controlling values of amodel: a - @ =0,8; 8- ¢, =0,75

CONCLUSIONS

Analytical regimes for the change of the car
model steerability of the automobile are obtained.
Diagrams of the steering for the non-linear slipping
hypothesis  for changeable cutch cocfficient
vanations in the sideway dircction on the front axle
are given.
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YHAPABJIAEMOCTb U YCTOHUHMBOCTH
HEJAHEUHOU MOJE/HA ABTOMOBAJIA

Anexcandp Kpasuenxo, Baaouwvup BepHuyrui,
Banepuii Xpebem, Hamanes Benvmaeuna

Annotauns. Paccmarpusalorca  npobueMut  Kypcosodt
YCTORIHBOCTH  BMMCHHA  aproMmobmias. B pabore
QHATIM3RPYETCA CMENA CROACTB YTIPABIIHEMOCTH HA OCHOBC
AHAMM3A HEAWHEHHOH BClOCUUEXHOR  MOHeRW, KkoTopad
YHATBIBACT HCTHHCHAOCTL cun Hokosoro yBoza. [lonynucsa
000CHICHAAA  33BHCHMOCTR,  ONPEASILUOMAN  «(KDHBYICG
yupaenaemoctyy.  IIpoadajmiupoBaHel  YCIOBHA — 1OTCPH
YCTOHUMBOCTH [UIA CRy4as [ORIDKCHAS C  BO3pacTaroniei
CKOPOCTEED 10 OKPYHOCTH LOCTOAHHOIG PAANYCa Ha OcHOBE
HOCTPOCHNA S YPRALMOHROTO MHOXCCTRA.

KiioueBnle cioBa: aBTOMOGHNG, YCTOHUMBOCTD, MOJE)®,
Gox0BOH YO, CHOYPKALHOHHOE MHGKECTBO.



