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Abstract. The paper presents the results of a laboratory investigation on the variation of the tyre sliding grip
coefficient depending on the tyre construction, the air pressure, the vertical load and the wheel camber. Eight
different models of tyres are tested. A significant reduction of the tyre sliding grip coefficient on a hard ground
was registered, when the tyre pressure is low and the wheel camber is bigger. The analysis of results and

explanation of causes are done.
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1. Introduction

The influence of air pressure in the tyre p and
vertical load G, on the tyre sliding grip coefficient ¢
has been investigated in many works [1-20]. In some
of the articles [2, 4, 13, 14, 20] it is established that on
a hard road, the wheel camber a changes the value of
coefficient ¢.

The data for the influence of the constructive
properties of the tyre on the relationship between ¢,
G, and p were collected [2, 4, 15, 19]. However, this
influence has not been thoroughly clarified.

In the University of Rousse, Department of
Automobiles, Tractors and Fork-Lift Trucks, work on
problems of pneumatic tyre grip has been done for
years. Experimental data on different types and
constructions of the tyre are collected. The results
show that tyre sliding grip coefficient and its variation
depend on the tyre load, the air pressure in the tyre
and the wheel camber.

An experimental facility for pneumatic tyres test
was created [21]. It allows to test not only car tyres
but also tyres of lorries and busses, and it can be
used as a laboratory (Fig 1 a) and as a mobile (Fig 1 b)
variant.

In this article the influence of the vertical load,
the tyre pressure and the wheel camber on the sliding
grip coefficient of the tyre is investigated. The results
concern a dry horizontal road and were obtained for
different constructions of tyres with different wear.

2. Influence of the vertical load and the air pressure in
the tyre

The experiments were carried out at three values
of tyre pressure — 0,25 MPa; 0,20 MPa; 0,15MPa. The
vertical load on the tyre G, was changed in the limits
from 1,5 to 4,0 kN (to 5,5 kN for some of the tyres) by
on step of 0,5 kN. The load, longitudinal and lateral
forces in the contact patch between the tyre and the
road surface were measured by dynamometers with an
accuracy of 0,02 kN. The grip force was measured in
case of 100 % slip between the tyre and the road surface,
and minimum speed of the slip.

These series of experiments were done when the
tyre was without the wheel camber. All experiments
were repeated three times. The road surface of platform
8 was dry concrete.

The forces and the sliding grip coefficients in pure
longitudinal and lateral directions were determined.
For this goal, the values of air pressure in the tyre and
vertical load were established, and then the platform
was moved in longitudinal or lateral direction, and a
full slip between the tyre and the road surface was
realized. The values of grip forces in longitudinal F,
and lateral F, directions were obtained. The sliding
grip coefficients of the tyre in longitudinal ¢, and lateral
¢y directions were calculated by expressions:

5
Yy G
where G, is the vertical load on the wheel, kN;
p —the air pressure in the tyre (inflation pressure), MPa;

F
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F,, Fy —the tyre grip forces in lateral and longitudinal
directions, kN; a —the wheel camber, deg; ¢ —the tyre
sliding grip coefficient (grip coefficient at 100 % slide
orsidesslip); ¢, ¢y —the tyre sliding grip coefficients in
lateral and longitudinal directions.

In this comparative investigation 8 tyres of different
construction, dimensions, and wear of the tyre tread
were tested. The main technical data of the tyres are
given in Table and the pictures of 6 of them are given in
Fig 2. The results of sliding grip coefficients in case of
100 % slip in longitudinal or lateral directions, at
different values of tyre pressure and vertical load are
presented in Fig 3 and 4.

The obtained results for all models show a decrease
of the sliding grip coefficients in two directions when
the vertical load increases and air pressure in the tyre
decreases in case of the slip on the hard road surface.
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The decrease of the sliding grip coefficient when
the vertical load increases is caused by the increase of
tangential stress in the contact patch [4, 19, 20]. When
the contact patch forms on the elements of tyre tread,
which are included in contact area, the tangential
stresses arise. The experimentally obtained tyre
footprints of contact patch show that for a part of the
tread elements tangential stress exceeds the limit of the
grip and these elements slip. When the vertical load is
bigger and the tyre pressure is lower, the zone, in which
the tread elements slip, becomes larger.

Usually for the tyres of bigger width, the sliding
grip coefficient in the lateral direction ¢ has a bigger
value than this one in the longitudinal direction ¢, at all
three values of the tyre pressure. For other tyres, in
some other works and in previous articles of the authors
[2-4, 6, 9, 20] the opposite result was ascertained —
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Fig 1. Laboratory (a) and mobile (b) variants of the tyre test facility :

a — laboratory variant: 1 — loading frame ; 2 — vertical columns ; 3 — vertical frame; 4 — holding plate; 5 — fork;
6 — bearings; 7 — pivot-shaft; 8 — road surface platform; 9, 11 — hydraulic cylinders; 10 — mechanical gig;
12 — fundament ; 13 — measurement assembly; 14 — extension; 15 — dynamometer; 16 — tested tyre ; 17 — brake;
18, 19 — I inear scales; b — mobile variant: 4 — draw-bar ; 8 — trailer; 10, 11 — trailer load; 12 — tractor
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The main technical data of the tested tyres

Maximum
Manufact Wear, Maximum air
Tyre model ured in Tread % load, kg pressure, Tyre type Carcass
MPa
Skyway . summer bias-ply,
6.5" — 13 4PR China 50 420 0,36 tube, 4N
Stomil universal, radial,
165/80 SR 134PR | Toland | o mmetric 10 465 0,36 tube 2Pe+2N
Belshina winter, radial,
17570 R1382H | BEUS |0 metric 0 465 0,36 tubeless | [NF2StHAN
universal, .
%‘;‘;;loy SR134pr | UK summer, 75 465 0,36 urliillils’s 1Pe+2St+1N
asymmetric
Semperit . Summer, radial,
185/60 R14 82T Austria symmetric, 80 475 0,30 tubeless 1R+2St+1N
with direction
symmetric,
Nokian with central radial
205/65 R15 95H Finland longitudinal 75 670 0,30 tubeles’s IN+2St+2R
groove and
direction
symmetric,
Vikin with 3 central radial
205/5(% R15 86V UK longitudinal 50 530 0,30 ¢ beles,s 1Pe+2St+2N
grooves and 4
direction
Vidlon
6,5 - 16 . universal, bias-ply,
(for agricultural Bulgaria winter 0 >60 0,33 tube N
tractor)

N -NYLON, St - Steel, R — RAYON, Pe — POLYESTER

bigger values of sliding grip coefficient in longitudinal
direction. This correlation is typical of old model bias-
ply tyres with less width of the profile.

The correlation between the values of coefficients
in two directions depends on the form of contact patch
and grooves of the tread. For example, the footprint of
the tyre Belshina 175/70 R13 82H (Fig 5) has a larger
width than length at small and medium values of load.
At bigger values of vertical load the dimensions of
contact patch in the two directions are approximately
equal. This form of the contact patch and the presence
of 4longitudinal grooves in tread are the cause of bigger
value of sliding grip coefficient in lateral direction,
obtained at all three values of air pressure in the tyre.

The zone of variation of sliding grip coefficient in
lateral direction is wider than this one for coefficient in
longitudinal direction (Fig 3 and 4). In general, the
obtained zones fit with those given by other authors [7].

The curves for different tyres have a similar
character (Fig 3 and 4) and in all of them there is a
specific zone. In this zone the influence of load variation
on the values of sliding grip coefficients is very small,
because of significant change of form and area of contact

patch at this load. The results can not be described with
a general model, because the specific zones of different
tyres have a different width and position.

A successful modeling of the results (Fig 3 and 4)
was worked out by the authors, only using Neural
Network tool of MATLAB [22].

3. Influence of the wheel camber and the tyre
construction

Inreal road conditions the wheel rolls at presence
of a wheel camber angle a. This angle is changed
significantly when the wheel is turned by steering, and
its change depends on values of the king-pin camber
and the caster angle.

As an illustration of influence of the wheel camber,
the results of two passenger car tyres with different
dimensions, construction of carcass and radius of tread
profile curvature (first two in Table 1) are shown in
Fig 6-9. The tyre SKYWAY-H 6,15-13 4PR has cross-
section of outline similar to a circle. The other tyre
GOODYEAR 175/70SR13 4PR has a large radius of
tread curvature. The experiments were repeated three
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Fig 2. Pictures of some of the tested tyres: 1 — Belshina 175/70 R 13 82H; 2 — Goodyear 175/70 SR 13;
3 — Semperit 185/60 R 14 82T; 4 — Nokian 205/65 R15 95H; 5 — Viking 205/50 R15 86V; 6 — Vidlon 6,5-16
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Fig 3. Variation of the sliding grip coefficient of the tested tyres in the longitudinal direction
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Fig 4. Variation of the sliding grip coefficient of the tested tyres in the lateral direction
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Fig 5. Footprints of the contact patch of the tyre Belshina 175/70 R13 82H at 0,25 MPa air pressure in the tyre and respective
vertical load: a—2 kN; b—3,5 kN

times using different combination of the values of tyre
pressure and vertical load. The wheel camber was
changed in an interval from 0° to 6° by a step of 2°.

The obtained results show the general regularity
for two tyres: the increase of the wheel camber at the
same vertical load leads to a significant decrease of the
sliding grip coefficients in longitudinal and lateral
directions. The causes of this change are: bigger
deformation of tyre at the side of wheel inclination,
appearance of lateral reaction from the wheel inclination
and, on the other hand, the change of the form and the
area of the contact patch [19, 20]. As a result, the stresses
in the contact patch, caused only by vertical load,
increase, and the tyre loses grip at smaller longitudinal
or lateral force.

Except for this general regularity, there are also
some others specific for the two tyres.

Tyre SKYWAY-H 6,15-134PR

At G, = const the increase of wheel camber from
0° to 6° causes a decrease of longitudinal sliding grip
coefficient ¢ by about 0,1 and a less decrease of lateral
sliding grip coefficient ¢y — by about 0,075 (Fig 6
and 7).

The curves for different values of wheel camber o
are equidistantly disposed. At G, =1,5 kN the influence
of camber a on the coefficient ¢ is less (the curves are
disposed closer). For all values of wheel camber, the
curves present a specific zone, in which the coefficients
do not change significantly when the vertical load
increase. This zone is disposed between 3,0 and 3,5 kN
of vertical load. The values of the sliding grip
coefficients in two directions are smaller than those for
the other tyre.

Tyre GOODYEAR 175/70SR13 4PR

At G = const the increase of wheel camber from
0° to 6° causes a decrease of the longitudinal sliding

grip coefficient ¢ by about 0,15 and a less decrease of
lateral sliding grip coefficient ¢y —byabout 0,125 (Fig 8
and 9). The curves at o = 0° and o = 2° are disposed
closer, but the distance between the curves at 2°,4° and
6° are about equal. This can be explained by curvature
of the tyre tread profile. The other tyre has a big
curvature of tread profile and the curves of coefficients
are equidistantly disposed, as a result, there is no sudden
change of the contact conditions between the tyre and
the ground — the contact is disposed in the curve part of
the tyre tread profile. The tyre GOODYEAR is bigger
in width and the tyre tread profile has a very small
curvature. At 2° it contacts on all width of the tread,
and contact conditions are close to that at 0°.

Atbigger wheel camber the tyre enters into contact
initially by one side of the tyre tread. This side of the
tyre profile has a bigger deformation. The other side of
the tyre has a smaller load and deformation, or it has no
contact with ground at all. This peculiarity can be seen
in Fig 10, where footprints of the contact patch of two
tyres at the same load conditions and inclination 6° are
shown.

Itis obvious that contact patch of the tyre SKYWAY
has a similar to the initial form (elliptic form when
there is no camber). Contact patch of the tyre
GOODYEAR has a quite different form (rectangular
form when there is no camber). On the footprint of the
tyre SKYWAY in the most loaded and deformed area
of the left hand side, a partial slip of the tread elements
is clearly seen.

Here also, for all values of wheel camber, the curves
present a specific zone, in which the coefficients do not
change significantly when the vertical load increases.
This zone is disposed between 2,5 and 3,0 kN of vertical
load. The values of sliding grip coefficients in two
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Fig 6. Relationship between the sliding grip coefficient
in the longitudinal direction ¢, , vertical load G, and
wheel camber a at different values of tyre air pressure p
for the tyre SKYWAY: a — p = 0,15 MPa;

b-p = 0,20 MPa; c-p = 0,25 MPa

directions are significantly higher than respective for
the other tyre.

However, for making more extensive generalization
about the influence of different parameters and
construction of the tyre on the sliding grip coefficients,
additional investigations have to be done and more
experimental data have to be collected.
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Fig 7. Relationship between the sliding grip coefficient
in the lateral direction ¢, vertical load G, and wheel
camber o at different values of tyre air pressure p for
the tyre SKYWAY: a -p = 0,15 MPa;
b-p = 0,20 MPa; c-p = 0,25 MPa

4. Conclusions

After analysis of the obtained results the following
conclusions can be formulated:

1. The vertical load and the air pressure in the tyre
influence significantly the sliding grip coefficients in
the longitudinal and the lateral directions at different
constructions of tyre, tread design and tyre dimensions.
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Fig 8. Relationship between the sliding grip coefficient
in the longitudinal direction ¢,, vertical load GK and
wheel camber a at different values of tyre air pressure
p for the tyre GOODYEAR: a —p = 0,15 MPa;
b-p = 0,20 MPa; c-p = 0,25 MPa

Describing the decrease of the sliding grip coefficients
with a general model is very difficult, because of
different disposition of the specific zone on curves for
different tyres, however, this decrease should be taken
into account in the more precise investigations.

2. The wheel camber influences significantly the
sliding grip coefficients of both tested constructions of
the tyres, although they have fundamental constructive
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Fig 9. Relationship between the sliding grip coefficient
in the lateral direction ¢, vertical load G, and wheel
camber o at different values of tyre air pressure p for
the tyre GOODYEAR: a —p = 0,15 MPa;
b-p = 0,20 MPa; c—p = 0,25 MPa

differences. The wheel camber causes a bigger change
of the sliding grip coefficients of the wider tyre, which
has a small curvature of the tyre tread, because of the
more significant change of the contact conditions
between the tyre and road surface (form of the contact
patch and distribution of the stresses).

3. The character of the sliding grip coefficients
change depending on wheel camber is not identical for

0L, ibin
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Fig 10. Footprints of contact patch of tyres SKYWAY-H 6,15-13 4PR (a) and GOODYEAR 175/70SR13 4PR (b) at
vertical load G = 3 kN and wheel camber o = 6°

different tyres. For bias-ply tyre, with bigger curvature
of tread profile the coefficients decrease proportionally
when the inclination of the tyre increases. For radial
tyre with less curvature of the tread profile at small
values of the wheel camber (to 2° in this investigation)
the influence of the wheel camber is much weaker, but
at bigger values it becomes more significant than for
the other tyre.
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