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Abstract

This paper present the result of the work carried out the mathematical modd of two
degree of freedom movement study the influence of cornering stiffness of tires, the
distance from the position of the center of gravity to front and rear axel and mass of
vehicles.
Theoretical calculations have been carried out the vehicle have known mass and the
position of the center of gravity.
Results show that for the state which is the front tires are bias ply tires and the rear tires
areradial ply tires is the best because the state gives under steer behavior. Also the state
will be the center of gravity nearest from the front axel gives the same behavior and also
owing to the existence of center of gravity being nearest to the front axle.
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I ntroduction

Steady state handling performance is
concerned with the directional behavior
of a vehicle during a turn under non-
time varying conditions. The expression
for the steer angle (as) is:

[as=L/R +K VZgR]; where (K) is under
steer coefficient & expressed in radians.
Depending on the values of the under
steer  coefficient  (K), handling
characteristics may be classified into
three categories; neutral steer, under
steer and over steer. When K=0,
a vehicle having this handling property

is said to be neutral steer, when a
neutral steer, the vehicle follows
straight line path at an angle to the
original.  When K>0 the handliing
property is said to be under ster a
characteristic speed Vg4 may be
identified, it is the speed at which the
steer angle required to negotiate a turn
isequal to (2L/R)

When K<0, vehicle with this handling
property is said to be over steer. For an
over steers vehicle, a critical speed Vcr.
Can be identified. It is the speed at
which the ster angle required to
negotiate any turn is zero. For an over
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steer vehicle the under steer coefficient

(K) has a negative sign. The critical

speed also represents the speed above

which an over steer vehicle exhibits
directional instability.

G,=statical gain of directional deviation
of CG

Gus=statical gain of moment
steering whed (N.m/rad)

C ap'=directional stiffness of front, axle
of vehicle [kN/rad].

e = distance between aerodynamic
Pressure center and the center of
Gravity [m].

g = gravitational acceleration [nVs?]

Hp, = tractive force on front, rear

H, = axle of vehicle respectively [kN]

Is reduction ratio

J, = polar moment of inertia of center of
gravity [kg.n?]

K us = under steer coefficient [S7m]

L p, = distance between front rear axle

L, And center of gravity [m]

m = mass of vehicle [kg]

M, = moment on the steering whed
[KN.m]

M = return moment of tire [kKN.m]

N = lateral aerodynamic forcefKN]

Ny = design distance[ mm ]

n = lateral forcearm [ mm]

S, , S, = lateral force on front, rear axle
of Vehicle respectively[KN]

t, , t, = distance between front, rear
wheels of vehicle respectively [m]

v = vehicle veocity [ n/s]

Ve = characteristic velocity [ m/s]

Vo = critical velocity [ m/s]

Y ¢t = Statically centrifugal

accderation [ m/s’]

a = deviation angle with longitudinal
axis of center of gravity [deg]

bv* = steering angle [rad]

bp = front whed's steering angle [rad]

€= cailing angle (between longitudinal)
axis of the system and stationary
axis. Xo)

€'= coiling velocity [ rad/sec ]

on
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1. Theoretical part:

In order to study the control and
stability of a vehicle. it is appropriate to
use the dynamic mode of a vehicle as
shown in Fig (1.1) and Fig (1.2), which
as shown that the lateral forces on the
front axleis

(S, =S+ S) and on therear axleis

(S, =S+ Sy). Theradia tractive forces
areequal to (H,=Hy + Hy).

( H= H3 + H4) At this point the rolling
resistance, together with whed return
moment is neglected.

-mocosa + mv(é+a)sina-

Sysinb, + Hycosb,+ H, - Ra=0 ...... (1)
-mosina + mv(é+a)cosa+S,cosb,
+S,Hpsinb,+N=0 ... 2
Je+ SLcosb, - S,L, +

HpL,sinb,+ N.e=0 ... (3)
Making these eguations linear i.e, by

substitution yield.

The lateral force on the axles can be
computed as follows:
Sp=Capa, , $,=Cax,a ...(4
Where (C ap ) is directional stiffness of
the tires of the front axles that is the

sum of directional stiffness of the right
and left tires

(C 4z ) is the directional stiffness of the
tires of the rear axle The angles of
directional deviation of the front axle
(ap).

And rear axle (a, determine from
Fig(2).

The speed of front whed ( V,) whichis
calculated by obtaining the directional
sum of the speed of gravity (v ) and the
rotation speed of front axle center

relative to center of gravity { L, £}

Sina-~0
Cosa~1

The speed of rear wheds (V,) is the sum

of speed{ L, € and v }. The angle of the
whed directional deviation as defined
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as being the angle between the whed
longitudinal levdl and direction of
whed  movement  therefore  the
following equation can be applied to the
small angles:

a,=-a-L/VE+b,
a,=-a+LJV-£

The vehicle static control is determined
by the response of its system to the
rotation of the steering whed where the
system moves at constant speed in a
circular path with constant diameter
(R = constant).

inthe other words: (€ =a =0).

the eguation of motion will take
following form after air effects are
neglected.

UV[mV* - (Cy, L, - CapLp)] €sa +

(C ap- Caz) @sa = C @p bV¥ gq......(6)

1/V[(C ap L’zp - Gy, sz)]’ Cya -
(Caz L+ CapLy) aga=C bV*g4...(7)

The centrifugal accderation when
moving at constant speed in circle

Yea =VIR=V.Egqa .cvnnnn..
The whed stastical response to the
rotation of the steering whed (B,? ) has
three responses { Vaa, Qs € sa }
called the ratio of statical response and
steering whed rotation angle which

produces at certain speed reative to
static capacity .

Using equations (6), (7) we can easily
calculate the statical gain of coiling
velocity

[E/bV* J¢a = VI(L+K s V2)......(9)
Where (Kys) under-steer coefficient of

control
Kus=m[CazL; — Caplp/ CapCsx L]...(10)
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The vehicle behavior will have
understeer if (k,e>0) and in a oversteer
if (kys<O).

The other response which results from
solving the above eguations the statical
gain of directional deviation of gravity

[a/bv*]stet = Cazl—zl—'
LoV?/ Carl (L+KUV2)
[6/by*]g¢a [L MLYV Cail] ... (11)
The statical gain of lateral acceleration
is the magnitude obtained from statical
gain of coiling velocity.

[¥/b*] = v[¢/ b*]

The last statical control response
derived for linear modd of the vehicle
is the dsatical gain of moment on
steering whedl.

[My/b,*] = (ML (n+ng/LL?).
(V?/1 + [vivch)

Where (V&) is the characteristic
veocity defined from the following
equation:

Ve = JLIK s

The critical velocity ( Vg ) can be
expressed as following:

2. Experimental Part:

One of the most important parameters to
be covered in the experimental work
covers the vehicle behavior and its
response through studying most of the
factors affecting this behavior the most
important factors to be taken into
consideration the directional stiffness of
the tires and the position of center of
gravity of vehicle as wdl as the mass of
the vehicle.
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All these factors are studied to find the
vehicles statical response that is the
effect these factors on the statical gain
of cailing velocity and the statical gain
of the directional deviation of the center
of gravity and statical gain of lateral
accderation and steering  whed
moment, the study covers the following
Cases .

3. Results and Discussions:

The effect of tire directional stiffness on
vehicle stability:

Parameters of vehicle used:

To fully understand this effect, two
types of tires radia and bias ply tires
were used. Measurements were made of
different tires in terms of directional
stiffness. In the first case radial tire with
directional stiffness of (30000 N/rad)
and another bias with stiffness (23075
N/rad) were used.

Symbol Unit value
m kg 1500
L m 2.5
Lo m 1.25
s / 17
NN m 0.4

Four experiments were made. In the
first cases the front tires were of bias
ply type and the rear tires were radial
type, this experiment shows the vehicle
was in underster which moving in
a curve with constant radius. The
vehicle had characteristic veocity of
(25.819 m/s).

In the second case was in constant the
first case the front tires were radial rear
of bias ply, the vehicle behavior
changed from under steer to over steer.
This affected the vehicle and made it
unstable especialy at speed higher than
the critical which was

(Ve=25.819 ms).

In the third & fourth case were same
construction, in the third case were all
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radial and in the fourth case they were
bias ply.

The result of these two cases shows that
the vehicle was in neutral steer. Fig
(3),(4),(5),(6) show the response of the
vehicle,

Fig (3) shows die rdation between
statical gain of coiling veocity and
veocity. In the first case the statical
gain of coiling velocity was increasing
with velocity and when the vehicle
reaches the maximum value and then
decrease with increasing in veocity of
thevehicle.

In the second case to which the vehicle
has front radial and rear bias ply tires
the response increase with the increase
in vehicle speed and reach to infinity at
the critical velocity. This applies to the
third and fourth cases in which the
vehicle had one type of tires and the
response increasing linearly  with
increasing of velocity.

Fig (4) gives the rdation ship between
the statical gain of directional of center
of gravity and vehicle. In the first case
the statical gain increases toward the
negative value with increasing in
velocity, this applies also to the third
and fourth cases.

In the second case the statical cam
increasing with increasing in veocity
until it reaches infinity at the vehicle
veocity. In general with regard to
response its found that the ( 0 m/s) the
statical gain of directional deviation is
(LAJL).

Fig (5) shows the reation between
lateral acceleration and veocity for the
first, third, fourth cases the response
increasing with increasing in velocity in
the second case the response increasing

with increasing in veocity unit it
reaches infinity at vehicle critical
veocity.

Also this applies to Fig (6), which
expresses the rdation between statical
gain of the moment on steering whed
and velocity.

This rdation is similar to the reation
between datical gain  of latera
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accderation and vedocity. After the
required values of the response were
obtained the same procedure was used
on two different type of tires. One type
was radial having directional stiffness
(33167.5 N/rad), the second was
bias ply with directional stiffness of
(30524 N/rad). The above mentioned
parameters were studied. In the first
case the vehicle was understeer and it
characteristic velocity was

(Ve =50.529 m/s) .

In the second case these was a changed
from understeer to oversteer the critical
velocity was ( V= 50.522 n/s) .

In the third and fourth cases the
response of the vehicle was neutral
steer. After obtaining the values from
experiment the same collections were
made but on two different tires - one
radial tire with directional stiffness
( 37008 N/rad ) and the other bias ply
tire with the stiffness (35507.5 N/rad ).

Type of case The meaning
First case Front tires (bias ply)-
rear tires (radical)
Second case | Front tires (radial)-rear
tire (bias ply)
Thirdcase | Front tires and rear tires
(radial)
Fourth case | Front tires and rear tires
(bias ply)

From studying the four cases it is found
that m the first case the vehicle was in
understeer the characteristic veocity
was( Ve = 76.44 m/s )which in second
case in the vehicle was in oversteer with
critical velocity

(Vo = 16.41 m/s).

In the third and fourth cases, the vehicle
was in neutralsteer.

1- The effect of the position of center
of gravity on vehicle stability.

The previous parameters were studied a
gain but on a different vehicle the center
of gravity was now (L, = 1m), (L, =
1.5m).

In the first case vehicle had bias ply
front tires and radia rear tires, the
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vehicle was in understeer which give
the vehicle stability at all speeds and
characteristic velocity of

(Ven = 16.23 m/s) in the second case the
vehicle had radial tires and bias ply tires
the vehicle was in under ster and
characteristic velocity of

(Ve=35.37 m/s).

In the third & fourth cases the vehicle
was in under steer and had characteristic
velocity of (Vg =22.36 m/s) ,

(Ver = 19.62 mVs) in the third and fourth
cases respectively Fig(7) shows the
relation between statical gain of coding
veocity and vehicle vdocity, the
statical gain increases for the four cases
and increases in velocity reaching the
maximum at the characteristic velocity
for each case and then decreasing while
the speed increases.

Fig. (8) represent the reation between
the statical gain of directional deviation
of center of gravity and velocity.

The statical gain decreases for the four
cases with increases in vehicle velocity.
This applies also to Fig (9) & (10),
which show the rdation among the
statical gain of lateral acceeration the
statical gain of moment on the steering
whed and velocity in both cases the
statical gain increases with increases in
vehicle veocity the same parameter
were studied but on different vehicle
taking into consideration the position of
center of gravity which was now
(Lp=1.5m), (L,=1m).

In the four cases the vehicle was in over
steer the critical velocity on the first
cases

(Vo= 35.3 7 nVs) for the second case
(Vo= 16.23 mV/s) for thethird case

(Vo= 19.62 m/s) and for the fourth case
(Vo= 22.36 nVs). After obtaining these
values the experiment was repeated on
different vehicle having the following
values of the center of the gravity
(L~1.019 M), (Lp=1.196 m) in thefirst
case the vehicle was in under steer and
had characteristic ~ veocity  of
(Ver=39.03 mV/s). the other cases showed
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different behavior opposite to the first
case the vehicle was in over steer and
the critical speed was (V4#=19.136 nVs),
for the second case (V4#=29.2 m/s), for
the third case and the fourth case
(V= 33.29 mis).

2- The effect of massin vehicle stability
Four tests were made on different
vehicles with mass of (in-1000 kg). In
the first case the vehicle was in under
steer and had characteristic velocity
(Ver=31.62 m/s) , in the second case the
vehicle was in over ster and had
critical speed of (V=31.62 nvs). In the
third and fourth case it was in
neutralsteer.

4. Conclusions

A vehicle in under steer and stabile at
all speeds, when it is center of gravity is
in middle and has bias ply front tires
and radial rear tires on the other hand a
vehicle which has center of gravity in
the middle and the radial front tires on
bias ply rear tires will be in over steer
and instable a speed higher than the
critical velocity of vehicle.

The vehicle which has the center of
gravity in the middie and the same type
of tires on the front and rear whed (all
radial or all bias ply) with the same
directional dtiffness will be in neutral
steer and at all vehicle speed. The closer
the center of gravity to the front well the
closer the vehicle will be to under steer
and stability.
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