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ISOSTABLE TIRE

The present invention concerns a tire for automo-
biles of the type containing radial reinforcement, a
belt, a tread, sidewalls ending in beads, and two bead
wires. :

Theoretically, the most rational use of the traction
characteristics of the materials composing the body of the
tire makes it necessary for the wires in the body to be

positioned in the tire's radial planes for the most cur-

rent types of tires. However, if such a tire is subject-
ed to transversal strain (rolling effect) deformation of
the radial wires occurs in the part of the tire which is
in contact with the ground. This rolling effect is accom-
panied by -a secondary twisting effect on the wires in con-
tact with the ground, and the angle of distortion which
results causes loss of lateral stability in normal opera-
tion conditions. ’

In order to eliminate this serious defect,'the tire
manufacturers have inclined the radial wires by a certain
ahgle on both sides of the circumferential direction of
the tire in order to establish a geodesic force field
(tires with slanted folds, currently calied conventional
tires). When a conventional tire undergoes a rolling
effect under a transversal strain, the twisting effect
of the forces created by the oblique strain in the slant-
ed folds (horizontal component). The geodesic system of

- construction thus had a self-stabilizing action on the

rolling effect of the tire caused by transversal strain.
Nevertheless, geodesic construction also has a drawback.

In effect, the distortion of the rhombus formed by the

slanted folds in the ground contact zone creates creep-
ing between the folds, resulting in heating up and skid-

.ding on the road, which substantially increases the wear

[R—
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on the tire.
' These disadvantages were partially eliminated with
the introduction of the belted tire, currently called

- the "radial body tire," or briefly, the "radial tire."

The radial tire resumed the rational use of radial wires
for the body, and the deformation of the radial wires in
the ground contact zone under the effect of transversal
strain is prevented by a non-deformable belt. With a
rolling effect, only the sides of the tire undergo a
twisting effect. Theoretically, the non-deformable belt
incorporated in the tread undergoes no angular deforma-
tion. The tire's road-holding qualities, with respect to
transversal stability, are thus uniquely a function of
the precision of development of the non-deformable belt
incorporated in the tread on the road up to a limit value
of the twisting effect on the ‘sidewalls, which is a func-
tion of the tread's adherence to the road. Beyond this

threshold value, the tread suddenly loses its adherence.

This éxplains the well-known poor transversal stability

of radial tires. _
 In addition, radial tires have another well-known

defect; heating of the sidewalls.  In effect, under ver-

- tical strain (effect of crushing the tire), each wall

undergoes a buckling effect characterized by a sudden
variation in the wall curvature radius between the wall
and the tread. These sudden variations in the curvature
radius are manifested by important heating of these two

"critical zones following a repeated crushing action.

Under transversal strain, similar heating is produced in
the critical connection zone between each wall and the
tread. The heating can cause detachment of the beading

in the critical beading zone and detachment of the tread

in the critical connection zone between the walls and the
tread. The effect of damping of a radial tire thus
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systematically causes heating, particularly in the two

critical zones on each wall indicated above; one of these

can have serious effects on the strength of the tire.
Despite the defects mentioned above (faulty trans-

‘versal stability and heating in the two critical zones)

and despite the construction difficulties which are
greater than the difticulties involved with a convention-
al %ire, radial tires have been on the market for several
years. ' _

In addition to the classic tires mentioned above
(conventional tires and radial tires), there are also so-
called "tubeless" tires. These tubeless tires were de-
rived from the first tires invented at the first of the

“century. The air chamber or chambers, round or oval, is

or are reinforced with slanted or radial wires, either by
one-wire winding or by a casing of stitched fabric. These
tubeless tires have a certain number of advantages:

1. JIncorporated air chamber, thus the so-called
"tubeless system. _ .

2. In some tubeless tires, elimination of the wires
as resistance elements. )

3. Balanced force fields in the body of the tire.

This type of tubeless tire has been described in
French patent Nos. 2,052,885 and 2,348,066. The tires
described in these two documents have the same faults as .
radial tires with respect to heating of the walls (each
wall also has two critical zones). In the case of the
radial tubeless tire described in French patent No.
2,052,885, the transversal stability fault is even in~
creased with respect to the classic radial tire. In
effect, this increase in the transversal stability defect
is due to the fact that the section of the tire (seen in
radial section) can roll over itself under the effect of
transversal strain. On the other hand, the tire described
in French patent No. 2,348,066 has improved transversal
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stability with respect to the tubeless tire in French
patent No. 2,052,885 and the classic radial tire, but
the improvement in transversal stability is obtained at
the detriment of damping and at the price of impor-
tant heating of the elastic binding material between the
air chambers. ' ,

In fact, the ideal tife should thus have the follow-
ing characteristics: o

-, 1. Great vertical flexibility (damping of the

vertical strains the tire undergoes).

2. Great rigidity or stability transversally for
resistance to transversal strains. , ‘

3. Minimum internal heating (body with preferably
radial cords; no critical heating zone in the walls).

The present invention is thus essentially intended
to produce a tire which meets the three requirements
mentioned above. :

In this respect, the tire is characterized by the
fact that each wall, seen-in transversal section, has a
profile corresponding to the profile of the upper part
of the curve representing the equilibrium equation
(Fig.2) for a classic radial tire:

a 2 2
b

= . '
: f
yv (a® - 22 (7 DE

the upper part is included between the points on the
curve where the tangents are almost vertical and hori-
zontal respectively, and the metacenter of the upper part

X

of “the curve is in substantially the same almost vertical

plane with a varying load, wherein x is the lateral dis-
tance from the radial (circumferential) centerline of the
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tire cross-section to a point on the carcass neutral
contour line, y is the radial distance from the axis of
rotation of the tire to a point on the carcass neutral
contour line, a is the radial distance from the axis of
rotation to the carcass neutral contour line at the

‘radial (circumferential) centerline of the tire cross—

section such that when the value of y equals a, x is O,
and b is the radial distence from the axis of rotation to
the point of maximum cross-section, i.e. maximum x; of
the carcass neutral contour line.

Hanging width 1 can be between 0.25 L and 0.45 L,
where L represents the width of the tread, and the trans- -
versal section of the tire can have a H/B ratio between

- 0.4 and 0.6, where H represents the height of the section

measured between the hanging diameter of the tire and the
belt, and B represents the total width of the tire; the
entire system is such that the tire, seen in transversal
section, forms an isostable triangular system.

"Hanging width of the tire" means the distance be-
tween the bead hanging points on the rim intended to
receive the tire, that is, the nominal width of the rim.
"Hanging diameter" means the diameter measured at the
bead hanging point on the wheel rim, that is, the nominal
diameter of the rim. .

Due to this type of structure and the particular

shape of the walls, the tire in the present invention is

very flexible in the vertical direction, is very rigid
transversally, and there is no critical heating zone.

We will now describe the present invention, referr-
ing to the attached drawings where:

Fig. 1 is a partial transversal view of a tire
acéording to the invention.

\}

Fig. 2 is a graph showing the curve representing the
equilibrium equation for a classic radial tire, and more
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particulafly the portions of the curve which are used to

determine the shape of the walls of a classic radial tire

and the shape of the walls of the tire in Fig. 1. '
Fig. 3 is a schematic view illustrating the reasons

why the tire in the invention has good transversal stabi-
- 1lity and good vertical flexibility.

Tire 1 shown in Fig. 1 essentially includes belt 2,
radial reinforcement 3, tread 4, sidewalls 5 ending in
beads 6; each equipped with semi-rigid circular wire 7.

Width 1 of the tire, measured between points 9 where
beads 6 are hung on wheel rim 10, is between approximate-
1y 0.25 L énd approximately 0.45 L, where L represents
the width of tread 4. The transversal section of the

~tire has a H/B ratio between approximately 0.4 and

0.6, where H represents the height between belt 2 and
points 9, and B represents the total width of the tire.
Walls 5 have a profile corresponding to the profile
of the upper part of the curve defined by the following
equation: / ' :

/Y
- This equation represents the well-known equilibrium
equation for a classic radial tire. The significance of
the different parameters in this equation and the calcu-
lations relating to this equation are given in "Tyre ’
Science and Technology TSTCA," vol. 1, No. 3, August-
1973, pages 290-315. Curve E, representing this equation,
is shown in Fig. 2. More precisely, left wall 5 (seen
in Fig. 1) has a profile corresponding to the profile of
arc CD in curve E in Fig. 2. Point C is a point near or



10

15

20

25

30

~7-

congruent with the point on curve E where the tangent to
this curve is almost vertical. Point D is a point near
to congruent with the top of curve E, where the tangent

~to the curve is almost horizontal. Right wall 5 has a

symmetric C'D profile with respect'to the left wall re-
lated to median plane XX (Fig. 1). For comparison, the
left wall of a classic radial tire has a profile corre-
sponding to -the profile of arc AB in curve E in Fig. 2.

In addition, the location of points C (or C') and
D on curve E is seliected so that the metacenter of arc

~CD (or C'D) in curve E remains in the same almost vertical
- plane with varying loads. DMore precisely, arc CD, which

has a metacenter under a given load corresponds to each

) location of points C and D on curve E. By varying the

position of points C and D, it is possible to plot the
geometric site of the metacenter (metacenter curve) of
arc CD under a given load. For example, the geometric-
sites of the metacenter are plotted for a minimum load
and for a maximum load, respectively. It is thus possi-
ble to find arc CD whose metacenters under a minimum
load and under a maximum load are located in the same
almost vertical plane, which determines the position of
points C and D for the profile of walls'5. Fig. 3 shows
(solid line) arc CD; on curve El corresponding to a mini-
mum load, with center of gravity Gl and metacenter,Ml of
arc CD;, and (broken line) arc CD, on curve E,, corre-
sponding to a maximum load, with center of gravity G2
and metacenter M2.of arc'CDZ; the two points Ml and M2
are in the same almost vertical plane. In selecting the

position of points C and D on curve E, it is also possi-

ble to obtain congruent metacenters M; and M,. .

Radial reinforcement 3 can be done conventionally
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with gummed cords, synthetic or metallic textiles. Belt
2 can be conventionally made from adhesive-treated fébric,
synthetic or metallic textiles. '

An isostable triangulated system is obtained with
the same structure of the tire and the shape of walls 5
described above. A tire with good transversal stability
and good vertical flexibility is obtained. In addition,
when the load varies, sides 5, due %o their particular
shape, do not operate with buckling as in the case of a
classic radial tire, but with flexion and little or no
angular distortion near bead 6 and the comnection zone
between wall 5 and tread 4. There is thus very little
or no heating in these zones and consequently, there is

_ no danger of detachment of beads 6 and tread 4.

One embodiment of the present invention is charact-
erized by the fact that, as illustrated in Fig. 4, ex-
treme point P on the tread, center T in the transversal
section of the bead area which is located on the same
side of the tire's median plane as extreme point P, and
center O on the wheel are substantially aligned when the
tire is installed on the wheel rim under nominal internal
inflation pressure with no external load, so that the pro-
file of the left side corresponds to upper part CD of
curve E, representing the equilibrium equation for the
tire under nominal internal inflation pressure with no
external load; this is included between point C, where
the tangent to curve E is almost vertical, and point D,

" where the tangent to curve E forms angle ¢ measured in a

counterclockwise direction with respect.fo the horizontal,
so that ¢ = ¢l+a, where bl is an angle between approxi-
mately 5° and approximately 15°, and « is the angle form-

‘ed by straight line OTP with the vertical; the profile

of the left side is obtained by clockwise rotation of
part CD of curve E around point D by angle «, so that the
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‘tangent to point D forms angle ¢1 with the hcrizontal,

and the tangent to point C forms angle o withk the verti-
cal, which is almost equal to angle ¢, under zominal in-
ternal inflation pressure with no external lczd, and so
that the tangents to points D and C are respectively
almost horizontal and almost vertical under z maximum
external load; the right side has a profile cotained in

a similar mammer so that it is symmetric to tze left side
with respect to the median plane of the tire. '

We will now describe a method for producing the tire
in the present invention, referring to the figure in the
attached drawing which shows the left half ol the tire's
transversal section. '

- The following is done to determine the shape of the
tire 1 and particularly the shape of its sides 5. Tire
rim 10, preferably of standard dimensions, azi the nominal
diameter of the tire under nominal internal Inflation
pressure but with no external load are first selected.
These two choices determine the position of tsads 6 and
thus the position of wires 7 on one hand, ani on the

. other, height H of the transversal section of the tire,

measured between hanging point 9 and belt 2 or between .
point 9 and tﬁe external diameter of tread 4 according
to the tire manufacturers.

Center O on the wheel is jointed with cznter T in
the transversal section of one of two wires 7, for ex-

“ample, the left wire is shown in the drawing. Straight

line OT intersects the ground line at P. P will be the
extreme left point of contact of tread 4 wit: the ground.
This thus determines width L of tread 4. « is the angle '
between the vertical and line OTP. Angle o Zas a fixed
value for the wheel rim selected. ‘
Curve E, representing the equilibrium ezuation for
the tire for the nominal internal inflation pressure se-
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lected with no external load, is then plotted using the
aforementioned equation.' Point D is then selected on
equilibrium curve E so that the tangent to curve E at
co-point D forms angle ¢ measured in a counter-clockwise
direction with respect to the horizontal, so that ¢ = él
+ &, where ¢1 is an angle contained between approximately
5° and approximately 15°, and has the value indicated
above. We will indicate how to select the value of angle
¢1 in the range indicated below. The location of poigt D
on curve E can be easily determined with the equilibrium
equation given in the principal patent. In effect, the
following equation can be derived from the equation
mentioned above:

\/2 22 2 22!
dy (a -p) -(v -Db )

_ - ¢

ax y° - b2

This equation can also be written in the form:

As a consequence, if ¢ is equal to pl +a, it is
possible to calculate the ordinate of point D on curve E
with the last equation.

Since point D has been determined, curve E is plotted
on the drawing by placing point D on line OTP just below
wire 7. Curve E then occupies the position represented

by the broken lines in the drawing. Curve E is then ‘

rotated clockwise around point D by an angle a«. In this
way, the profile of left wall 5 of tire 1 is obtained.
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In these conditions, the profile of left wall 5 is such

~that the tangent to point D now forms angle ¢, with the

horizontal, and the tangent to point C, which was almost
vertical before rotation of curve E by angle « around
point D, now forms an'gle'cb2 with the vertical, which is
almost equal to angle a under nominal internal inflation
pressure and no external load. The initial values thus
imposed on the angles formed by the tangents to points D
and C are important for obtaining good stability of the
tire when it is subjected to a varying load during use.
When the tire is subject to an external load, profile CD
in wall 5 is deformed. For the tire to be stable, the
metacenter of profile in CD in wall 5 must shift in a
vertical or almost vertical plamne during deformation of
wall 5. Graphic tracings done in the laboratory for
various values and orientations of the external load
showed that this result can be obtained by giving an
initial slope ¢l to the tangent at D, and an initigl
slope ¢2 to the tangent at C. Under an increasing ex-
ternal vertical load, the tangent to point D tends to
approach the horizontal.during deformation of profile CD
on wall 5. The tangent to point D should not go from
the other side of the horizontal under a maximum vertical
external load. This, therefore, conditions the choice
of the value for the initial slope ¢1 of the tangent to -
point D for a given nominal internal inflation pressure.
The greater maximum vertical external load the tire must
be able to bear, the greater the initial slope ¢l, unless
the nominal internal inflation pressure is increased.
The selection of the value for initial slope ¢; of the
tangent to point D will also be a function of flexibil-
ity, that is, the damping capacity under a crushing ‘
strain which must be obtained for the tire. The greafer
flexibility or damping capacity the tire must have, the
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smaller the initial slépe ¢4 . The nominal internal in-~
flation value and the value of initial slope ¢; of the
tangent to point D should thus be selected in considera-
tion of the value of the maximum vertical external load
which the tire must bear, and the flexibility or damping
capacity desired for the tire. It will generally be
sufficient to give initial slope ¢1 a value between
approximately 5° and approximately 15° to satisfy the
requirements indicated above for obtaining good stability.

Under increasing lateral or horizontal external
strain, the tangent to point C tends to approach the
vertical during deformation of profile CD in wall 5, and
it should not pass fromthe other side of the vertical.
under maximum lateral strain so that the metacenter of
profile CD remains in a vertical or almost vertical plane
during deformation of profile CD. This is obtained by
giving initial slope ¢2 of the tangent to point C a value
almost equal to the value of angle «. :

In these conditions, the tangents to points D and C
on wall 5 during use will remain almost horizontal and
almost vertical under a maximum vertical, horizontal or
oblique external load, and as a consequence, the meta-.
center of profile CD on wall 5 will remain in a vertical
or almost vertical plane during deformation of wall 5
under a varying vertical, horizontal or oblique external
load, and hence, the great stability of the tire.

Another advantage of the tire in the present inven-
tTion is based on the fact that the gum in the connection
zone between tread 4 and wall 5 only undergo weak com-
pression when the tire undergoes a varying external load
due to the alignment of points P, T and O and the parti-

cular shape of wall 5. As a consequence, the gum in this

connection zone heats very little during use and there is
thus no risk of the gum detaching between tread 4 and
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wall 5. . :

Although the preceding description was given with
respect to the left wall of the tire, it is obvious that
the profile of the right wall is obtained in a similar
manner so that the right wall is symmetric to the left
wall with respect to median plane XX of the tire.

Since the dimensions of the tire and the shape of
right and left walls were determined in this way, the

‘tire can be concretely manufactured in any conventional

way. :
The preceding clearly indicates that the tire ob-
tained in this way forms a perfectly triangulated and

isostable system under varying vertical, horizontal or
oblique external loads.
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WE CLAIM:

' 1. Automobile tires of the type which contain
radial reinforcement, a belt, a tread, sidewalls ending
in beads, and two bead wires, characterized by the fact
that each wall 5 of tire 1 has a transversal profile
correspondiﬂg to the profile of the upper part CD of
curve E, representing the equilibrium equation for a
classic radial tire:

upper part CD is contained between points C and D on this
curve where the tangents are almost vertical and hori-
zontal, so that the metacenter of the upper part of this
curve remains in the same almost vertical plane under a
varying load. i

2. A tire according to claim 1 characterized by
the fact that hanging width 1 of tire 1 is included
between 0.25 L and 0.45 L, where L represents the width
of the tread 4, and the transverse section of the tire
has a H/B ratio between 0.4 and 0.6, where H represents
the height of the section, measured between the hanging
diameter of the tire and belt 2, and B represents the

- total width of the tire; the total assembly is such that-
_ the tire almost forms an isostable triangulated system

seen in transversal section. _
5. Isostable tire according to claim 1 in the
principal patent, characterized by the fact that when

it is installed on a wheel rim under nominal internal

inflation pressure without any external load, extreme

point P on tread 4, center T in the transversal section
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of wire 7, which is located on the same side of median
plane XX as extreme point P, and center O of the wheel
are aligned; the profile of left wall 5 corresponds to
the upper part CD of curve E, representing the equili-
brium equation for the tire under nominal internal in-
flation pressure with no external load, which is con-
tained between point C where the tangent to curve E is
almost vertical and point D where the tangent to curve E

‘forms angle a measured counter-clockwise with respect

to the horizontal so that ¢ = ¢; + «, where $1 is an
angle between approximately 5° and 15°, and « is the
angle formed by line OTP with the vertical; the profile

. of left wall 5 is obtained by rotation of part CD on

curve E around point D by angle o in a clockwise direc-
tion, so that the tangent to pqint D forms angle ¢ with
the horizontal, and the tangent to point C forms angle
¢, with the vertical; ¢, is almost equal to angle «
under nominal internal inflation pressure with no
external load, and so that the tangents to points D
and C are respectively almost horizontal and almost
vertical under maximum external load; the right wall
has a profile obtained in a similar manner so that it
is symmetric to the left wall with fesPect to median
plane XX of the tire. , .
4, A radial carcass tire having'a tread, a belt,
sidewalls and beads characterized by the fact that each
of the lower sidewall carcass neutral contour lines of
the tire from the point of maximum cross-section of said
neutral contour line to the bead area has a profile which

corresponds to a portion of the curve represented by the
equation
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wherein "x" is the lateral distance from the radial

‘centerline of the tire cross-section to a point on the

carcass neutral contour line,"y" is the radial distance
from the axis of rotation of the tire to a point on the
carcass neutral contour line, "a" is the radial distance
from the axis of rotation to the carcass neutral contour
line at the radial centerline of the tire cross-section
such that when the value of "y" equals "a", "x" is O,

and "b". is the radial distance from the axis of rotation
to the point of maximum cross-section, that is, maximum
"x", of the tire carcass neutral contour 1ine, the portion
of the curve being between the points where the tangents
to the curve are substantially horizontal at a value of
"y" close to "a" and substantially vertical, wherein

said point of tangency with the vertical substantially
corresponds to the point of the maximum cross-section

of the tire carcass neutral contour line and said point

of tangency with the horizontal substantially corresponds

with the point at the bead area of the tire, and the
curve shape between said tangent points corresponds to
the profile between the point of maximum cross-section
and the bead area, and the profile of the lower sidewall
carcass neutral contour line of the tire being such that
the metacenter positions fall along é line substantially
radial to the tire section as the profile changes shape
during the deflection of the tire.

5. A radial carcass tire having a tread, belt,

" sidewalls and beads characterized by the fact that in

the axial plane of the tire the edge of the tread on
either side of the tire section, that is the point of
maximum tread width, and the point of intersection of

»ihe.axis of rotation and the radial centerline of the:

tire are substantially aligned with the center of the
bead bundle on that side of the tire section forming
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two substantially straight lines each of which forms an

angle o with the radial centerline of the tire, each of

the lower sidewall carcass neutral contour lines of the

Ttire having a profile corresponding to a portion of the

curve represented by the equation |

——

' a 2 2
' X = . .dy
' 2 2 2 2 2 2 . N |
y (a = b)) -(y - b) _ |

wherein "a" is the radial distance from the axis of
rotation to the carcass neutral contour line at the
radial centerline of the tire cross-section, "b" is a
value of radius between the radius "a" and the radius

of the bead seat ledge of the wheel and "x" 1s the lateral

distance in a plane from a centerline reference and nyt
is a radial distance in a planhe from a reference perpen-
dicular to the centerline reference of the points of a
curve defined by the above equation said perpendicular
reference lines defining the plane, the portion of the

curve being used for the tire sidewall carcass neutral
contour being that portion of -the curve between the point
of tangency of a vertical line with the curve and a point
- between the horizontal lines at radial distance "a" and
radial distance "b", said point characterized by the fact

that the curve at this point forms an acute angle ﬁ'with
the horizontal line tangent to the curve at the radius
"a', said angle ¢ having a value of « plus an angle of
5° to 15° and said point of tangency with the verticél
being located toward the point of the maximum cross—
section of the tire and said point the tangent of which
forms an acute angle ¢ to the horizontal tangent to the
curve at radius "a" substantially corresponding with a

_point at the bead area of the tire, the curve shape be-
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tween said tangent points corresponding to the profile
of the sidewall carcass neutral contour line when the
curve shape is oriented by rotation by the angle « about
the point in the bead area so as to increase the apparent
5 maximum cross-section of the tire, this shape of the .side-
wall neutral contour carcass line being characterized
such that the metacenter positions fall along a line
substantially radial to the tire section as the tire
éhanges shape during deflection.

._T__._
*
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