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from rupturing.
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(54) Title: FOAM TIRE FLAP FOR LOW PRESSURE APPLICATIONS

(57) Abstract: The present invention 1s a unique tire tlap for
use on off-road vehicle wheel assemblies utilizing standard
safety rims, tires, rim locks, and mmer tubes, so that the
vehicles can operate in high performance off-road conditions
under low or extremely low tire pressures (4psi~10psi),
without incurring flats due to a pinched tube. The tire flap of
the present mvention is made from low density impact ab-
sorbent foam, such that the flap absorbs the energy of a first
and second type pinch tire condition that prevents the inner
tube from rupturing.
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TITLE OF THE INVENTION

FOAM TIRE FLAP FOR LOW PRESSURE APPLICATIONS

This 1s a PCT Inlernational Application which claims priority from United
States Patent Application No. 14/275,489 filed on May 12, 2014, the contents of
which are incorporated by this reference in its entirety of all purposes as if fully

set forth herein.

FIELD OF THE INVENTION

This invention relates in generalto a tire flap for use on an inner tube type
tire and nNm for vehicles operated in off-road conditions wherein the inner tube is
inflated at a low tire pressure. The flap protects the tube from flats due to tire
pinching that commonly cccurs between the rim, tube, and tire when the tube is

nflated al g low pressure.

BACKGROUND OF THE INVENTION

A conventional off-road vehicle such as a motoreycle is commorily known
to have wheel assemblies having an inner tube associated therewith. It is well
known that operatling such vehicles at low life pressures (between 4psiand
10pst) 8 advantageous in providing optimal fraction. However, at such low tire
pressures the tube is often su‘biject to being pinched by deformation of the tire
against the rim or by being pinched between the tire bead and the rim. This
problem ts particularly acute under high performance off-road conditions. '
Extremely low tire pressures (between 4psi and 7psi) are desirable, but not
practical as a pinch fiat is almost guaranteed. As a result, it is common for such
conventionat off-road vehicles o operate at higher, less desirabie tire pressures

{between about 12psi and 18psi), in order to eliminate the potential of a flat tire

1
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due {o {ube pinches.

The most common approach to avoid {ube pinches is to utilize thick, heavy
duty inner tubes under the iheory that the additional thickness of the inner tibe
will better resist tearing/pinching. However, such tubes are still prone {o pinching
al low or extremely low tire pressure and undesirably add additional weight to the
tire assembly. A first approach. as disclosed in U.8. Patent No. 5,073,444, is to
eliminate the {ube entirely and insernt a generally solid molded foam core thatiis
sufficiently flexible to provide a similar low pressure fesi for optimal traction.
Michelin and Dunlop comporations offer such foam tire inseris made of closed cell
butyl honeycomb foam filled with mitrogen gas having a smogth skin outer
surtace that must be drenched with a lubricant upon inslallation. However, such
moided foam lire cores are difficult to mount, require a signil’icant.famount of
Iubricatiom and add a substantial amount of weight lo the tire assembly. They
aiso shrink and disintegrate over time, particularly in extreme high speed
competition, requiring frequent replacement. They are also rather expensive,
making them generally used by more financially able riders. A sscond approach,
as disclosed in U.S. Patent No. 6,886,020, is to eliminate the conventional tube
and insert a plurality of individually inflated balls into the tire, such that a number
of the balls can be pinched without the tire going flat. However, this approach
does not pravide a simple way to adjust the pressure in the balis to
accommodate changes in altitude or temperature, barring complete removal and
reimnstaliation of the balls. Further, installing a plurality of balls into the tire and
Am is a challenging process, and combined with their relative expense compared
to conventional inner tubes, many riders are discouraged from using them. A
third approach, as disclosed .'m‘U.S. Patent No. 7,669,627, is to eliminate the

conventional tube and insert a pneumalic sealing ring having an inner {ube and
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expandable liner so that the tire can be inflated like a tubeless tire. However,
installing the sealing ring and inner tube can be challenging. and if the bead of
the tive or sealing ring is damaged in any way, an air tight seal will not be

achieved, resulting in a flat tire. Again, coupled with their relative expense to

/1

conventional inner tubes, many riders are discouraged from using them, |t

should be noted that in the three approaches discussed above, each one of them

teaches thal to achieve the feel of a low pressurized tire, the conventiona! inner
lube must be eliminated and replaced with something else... None of them
address how to eliminate pinch flats incurred by conventional inner tubes.

H Therefore, what is desirable is to provide a simple, inexpensive, and easy
solution for eliminating tube pinching in conventional off~road vehicles inflated at
low tire pressures while keeping the conventional inner tube.

Tire flaps have been used lo separate the inner lube from the tire bead
and nm for heavy duty motor vehicles. Our research found patents, each of

t5 which is cited i an 1S filed concurrently with the application, between the years
1923 and 1856 thatteach the use of tire flaps made of vuicanized rubber {or
structurally equivalent materials) to protect the inner tube from damage by the
rocking of the tire bead, abrasion with the rim, and to prevent entry of foreign
matenal into the rim. Generally, they are a continuous band of solid rubber used

20 in mner wube tive assembiies for vehicles requiring high tire pressures such as
between-about 35-60psi. Patents found between the years 1970 to 1984, all of
which are cited i the DS, teach improvements to tire flaps to overcome
problems of tube blowoufs occurring in tive pressure applications befween about
100-110psi. Again, these teach tire flaps made of generally the same solid

25 vulcanized rubber matenal as the inner ube, and are only intended {o solve the

problem of fatigue stress cracks occurring on the inner tube where the tire
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sidewall deflects somewhat under heavy loads. As will be explained herein,
these conventional rubber tire flaps are not designed to prevent pinch flats in off-
road vehicles utilizing inner tubes inflated al low tire pressures, nor are they

intenaed for use i such an application.
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BRIEF SUMMARY OF THE INVENTION

The present invention introduces for the first time, the use of a unique tire
fap for use on off-road vehicle wheel assemblies utilizing standard safely rims,
tires, rim locks, and inner fubes, so that the vehicles can operate in high
performance off-road conditions under low tire presstres {(4psi-10psi), without
mcurring flats due to a pinched tube. The tire flap of the present invention has
charactenstics that are enbirely different from conventional tire flaps used in

heavy duty velucles {18 wheel trucks and the like) operating under high tire

- pressure applications. The lire flap of the present invention is made from low

density impact absorbent foam that can deflect at least about half its thickness
and generally return to its original shape. The low density foam of the presem
vention is also extremely tear resistant o shear loads, and can deflect in shear
approximately half its thickness and generally return to its original shape. This is
contrary {o {eachings in the arl, in which the tire flaps are made in a thin band of
generally rigid, solid vulcanized rubber for use in high tire 'pressure.éppiications.
As will be discussed herein, conventional tire flaps are never subjected to the
type of impact loads as the present invention is in conventional off-road vehicles
operated at low or extremely low lire pressures.

The present invention provides its benefits across a broad specirum of tire
assembiies utibizing inner tubes operaled ai low tire pressures. While the
description which fol%cswé hereinafter pertaining to motorcycles is meant to be
representative of such applications, it is not exhauslive. His intended that this
specification and the claims appended hereto be accorded 2 breadth in keeping
with the scope and spint of the invention being disclosed despite what might

appear to be limiting language imposed by the requirements of referring to the
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specific examples disciosed,

It is one aspect of the present invention to provide a tire flap that absorbs
the shear stress of an instantaneous Kinetic energy spike of an impact {hat
normally causes g pinch fial.

it is ancther aspect of the present invention to provide a tire flap material
that is much softer than inner tube material, such that in the event of any material
tear due to an impact, the tear will be incurred by the tire flap and not the inner
tube.

1t is a feature of the present invention that the tire flap is made from impact
absorbing foam having a density between about 1.2b/ft* and 30.0lb/t°

In a preferred embodimant, i 18 another feature of the present invention
that the wing portions of the fire flap have a distance * h; " that is at least 120%
the height ™ /1, " of the vertical lips of the safety nim.

in another embodiment, it 1s still anather feature'o-f the present invention

that {the tire flap has an initial thickness adjacent the bead of the tire that is at

teast ahout 1.5 times the thickness of the inner tube.

It is an advantage of the present invention tire flap that off-road vehicles
utilizing conventionat safety rims, tives, rim locks, and inner tubes, can operate in
high performance off~road conditions under extremely low tire pressures without
incurring flats die to a pinched tube.

It 1s another advaniage of the present invention that the lire flap protects
the inner tube from damage by a tire iron used (o mount or remove the tire from
the rim.

It is yel another advantage of the present invention that tire pressure can
be adjusted {o accommuodate changes in altitude, temperature, or the riders

preference in the same manher as conventional inner {ube tire wheel assemblies
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are.

it is still yet another advantage of the present invention that the tire ﬂap' S
extremely lightweight and can be used with the lighlest weight thin walled ihner
lube, thereby feducing the weighi and the moment of inertia of the off-road tire
assembply.

it is still yet another advantage of the present invention that the tire flap
protects against installation and un-installation tube pinches that are frequently
ncurred by improper use of the tire iron.

These and other aspects, features, and advantages are achieved/attamned
it the apparatus of the present invention that comprises a flap for an off-road tire
mounied on a safety rim having a rim lock with a inner {ube installed in between
the tire and the nim. The tire flap has a continuous cylindrical C-cup portion
having a cenlral aperiure for receiving 3 vaive stem of the inner tube. The C-cup
portion has wing portions on both ends forming an intemnally facing surface and
an externally facing surface. The tire fiap is mounted in a wheel assembly having
a tire that has a main section terminating at two beads, and a rim having a
generally flat shelf located between two uptumed vertical lips in between a
downturned arcuate beadwell. The beads of the lire are mounted adjacent the
vertical ips of the rim and flal shelf. The internally facing surface of the flap is
positioned against the inner tube. The extemally facing surface of the flap s
posilioned against the arcuate beadwell of the nim, the rim lock, and the beads of
the tire. In one embodiment, the vertical lips of the rim have a height ° /1, * and
the wing portions extend inward in the tire a disfance * A,° of at least 120% the
height ™ f1, * of the vertical lip of the im measured from the flat shelf of the rim.

The flap 1s made from an impact absorbing foam having a density

between 1.2 Ibft* and 30.0 1b/ft°. In one embodiment, the flap has an initial
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thickness ” { * adjacent the bead of the tire that is al least aboutl 1.5 times the
thickness of the inner tube In another embodiment, the foam is a polymer foam
having a density preferably between 1.2 b/t and 15,0 1b/° so as {o provide
enotigh elasticity and flexibility {o 'assist i instatiation. in yet another
embodiment, the initial thickness * £ " adjacent the bead of the tire is at least
about 4.0 times the thickness of the inner tube so as to provide a longer life for
the tire flap whan installed with numerous sets of tires. in yetanother
embodiment for off-road motorcycle rims, the wing portions extend inward in the
tire a distance * h,” of at least between 150% and 225% the height “ h, " of the
vertical lip of the rim measured from the fiat shelf of the rim. This provides
enough material near the bead of tire and the nm {o prevent the second type
pinch fiat discussed herain.

Preferably the impact absorbing foam is selected from the group
consisting of: expanded polysiyrene foam, expanded polyethylene foam, cross-
inked polyethylene foam. expanded polypropylene foam, extruded polyethylene
foam. polyurethane foam, vinyl nitrile foam, and neoprene. Satisfactory results
have been échie—ved wihzing a cross-linked polyethylene polymer foam having a
density of between 1.2 Ib/fi® and 15.0 ib/it°.

(n an alternative embodiment, the internally facing surface of the tire flap is
bonded in position on the inner tube so that they can be insialled inside fhe tire

assembly as a single flexible piece.
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BRIEF DESCRIPTION OF THE DRAWINGS
The aspects, features and advantages of the present invention will
become apparent upon consideration of the following delailed disclosure of the
invention, especially when it is taken i conjunchon with the accompanying

drawings wherein:

A

FIG. 1 is a side view of a conventional molorcycle tire, tube, rim, and rim
iock assembly.
FIG. 2 is a cross-sectional view of the conventional tire assembly of FIG. 1
with the tube deflated.
10 FIG. 3 is the cross-sectional view of FIG. 2 with the tube infialed.
FIG. 4 is a cross-sectional view of FIG, 1 illustrating tire impact with an
obstacle thal causes a first type pinch fiat.
FIG. 51s the cross-sectional view of FIG. 4 illustrating the location of the:
first type pinch flat after impact with the obstacle.
ts FIG. 6 is the cross-seclional view of FIG. 4 illustrating tire impact with an
obstacle thal causes a second type pinch fiat
FIG. 7 is the cross~-sectional view of FIG. 6 illustrating the jocations of the
second type pinch flat after impact with the obstacle.
FIG. 8 is a partially sectioned isometric view of the present invention tire

o flap.
FIG. 018 a side view of a motorcycle tire, tube, rim, rim lock. and tire flap
of the present invention.
FIG. 10 is a cross-sectional view of FIG. ¢ of the present invention at the
valve stem with the tube defiated.
S FIG. 11 is the cross-sectional view of FIG. 10 of the present invention at

the valve sieny with the tube inflated.
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G, 12 s a cross seclional view of FiG. 9 ol the present invention al the
rim lock with the fube inflaled.
FIG. 13 is.a cross seclional view of FiG. 9 of the present invention

Hiustraling how the first type pinch flat is avoided.

L/

FIG. 14 is the cross sectional view of FIG, 13 of the present invention
ilugirating how the second fype pinch flat is avoided,

FIG. 15 is a cross sectional view of a tire flap of the preserit invention for
use with a 21 inch rim front motorcycle wheel assambily.

FIG. 18 is a ciross sectional view of a tire flap of the present invention for
i use with an 18 inch rim rear motorcycle wheel assembly. ‘

To facilitate understanding, idenlical reference numerals have been used,
where possible, o designale identical elements or fealures common to the

figures.

10
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to FIGS. 1~?-, a typical off-road tire assembly 11 is shown in
respect to an analysis of how the inner tube is commonly pinched, particularly
under low tire pressures (4psi-10psi). The typical tire assembly 11 comprises an
off-road tire 13, safety rim 15, inner tube 17, and rim lock 19 (not visible in FIGS.
1-7). The assembly 11 is typically laced with spokes 21 and nipples 23 to a
central hub 25. The inner tube 17 includes an ihi‘egi‘al valve stem 27 for inflating
the assembly 11 to a desired tire pressure.

FIG. 2 shows a cross~saction of the assembly 11 with the tube deflated.
The tire 13 includes a main section 29 terminating at two beads 31. The safety
nm 15 has a generally flat shelf 33 located between two upturned vertical ips 35
in between a downturned arcuate beadwell 37. With the tube de’flateﬁd; there is
an air gap belween the main seclion 29 of the fire and the inner tube 17, as well
as an air gap between the inner tube 17 and downluirned arcuate beadwelt 37.
Also, there is an air gap between the tire beads 31 and both the flat shelf 33 and
vertical lips 35.

FIG. 3 shows a cross~section of the assembly 11 wilth the tube 17 inflaled.
Typically the inner tube 17 s inflated to around 25psi or mofe so as to provide
enough force to get the beads 31 to seat flush against the shelf 33 and lips 35 of
the rim 148, Inflation of the lube 17 effectively eliminales the air gaps shown in
FIG. 2. and the nim i'ock nut 39 is tightened o positively secure a portion of the
tire beads 31 against the vertical lips 35 and flat shelf 33 of the rim 15. Pressure
is then released from the valve stem 27 10 a desired Lire pressure, typically
between about 10-19psi. Compared {o automabile tires, 10-19psi is sufficiently
low making the rim lock 19 a necessary component in the assembly 11, The rim

lock is necessary to prevent spinning of the tive 13 on the rim 15 during

11
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acceleration and braking, which can tear the valve stem 27 off the innet tube 17.
Referring to FIGS. 4 and 5, a first type pinch flat is i!!'ustra'ted,- in FIG 4 the
assembly 11 is shown impacting obstacte 41 at an angle noted by numeral 43.
Under such anaimpact at low lire pressure, the force generaled ¢causes the bead
31 of the tire 13 adjacent the impactio deflect inward into the arcuaie beadwell
37. When this occurs, the inner tube 17 gets caught between the bead 31 and
the rim 15 at the location shown by numeral 45, Once the assembly 11 clears
the obstacie 41, the bead 31 generally snaps back to its original position adjacent
the lip 35 and shelf 33, but in so doing the tube is pinched as shown in FIG. 5 at
location 45. 1t is significant to note that the violent impact in this situation
generates é nearly instantaneous spike of kinetic energy on location 45 of the

tube 17, causing such a large localized sheaar siress that it tears at this location

and {ooses all air pressure in the assembly 11.

Referring {o FIGS. 6 and 7, a second type pinch flat s llustrated. In FIG.
6 {he assembly 11 is shown impacting obstacle 47 generally parallel with ends of
the ver-tica! hips 35 of the rim 15, Under this impact at low lire pressure, the main
section 29 of the tive 13 deflects inward so as to collapse the inner tube 17 on
itsell at locations 49 and 51 adjacent the beads 31 of the tire 13. Because the
beads 31 are secured in the fim 17 against shelf 33 and lips 35, and because the
beads 31.and main section 29 of the tire are substantially more rigid than the
nner tube 17, the nearly instantaneous spike of kinelic energy at locations 49
and 51 infroduce too large a localized shear stress on the inner tube 17, causing
the tube to pinch or fear. As shown in FIG. 7, there are four locations on the {ube
17 where it can tear unaer this type of impact, shown by numeral 53, any of
which resulls in a flat tire

it is to be appreciated to those skilled in the art that the first type pinch flat

12
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ftustrated in FIGS. 4 and 5, and the second type pinch flat lustrated in FIGS. 8
and 7, are the predominant causes of tube failure in off-road tire assemblies.
Furthermore, these types of pinch flats are an acute problem when operating at
low tire pressures. The analysis of these types of pinch flals is necessary to
dlustrate how the unique tire flap of the present invention simply and effectively
elimmates these types of tube failures. it is also to be appreciated that these
types of tube failures are speciﬁcail‘y unique to off~-road tire assemblies, and that
heavy duly vehicle tives utitizing conventional solid rubber tire flaps and tubes at
high inflation rates (60-110psi) never incur these types of failures:

Shown in FIG. 8 is the tire flap of the prasent invention, shown generally
by numeral 10, The tire flap 10 has a continuous cylindrical C-cup portioh 12
having a wing portion 14 on both ends forming an internally facing surface 16
and an externally facing surface 18. The C-cup portion 12 has a central aperture
20 for receiving a valve stem of the inner tube. The C-cup portion 12 need not be
cylindrical, for example it cOLiId téke on a hexagonal or elliptical shape, or the
like. What makes the tire flap 10 umique is that it is made from a fow density
impact absorbent foam selected to deflect more to impact loads than the rubber
maferial that forms the inner tube 17. The foam material selected must be able
to deflect, under an impact load, at least about half ifs thickness and generally
return to ifs original shape once the impact load is removed, and also deflect in
shear, tinder a shear load, at least about half its thickness and generally return to
its original shape once the shear load is removed. Thus, in the two types of
pinch fial impacts discussed above, itis iended for the tire flap 10 {o absorb the
localized shear stress of the instantaneous kinetic energy spike of the impact, not
the inner tube 17. Also since the foam of the tire flap 10 is much softer than the

nner tube matenal, any material tear, i any, is intended 1o be incurred on the tire

13
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flap and not the inner tube. Desirably, the selected foam should have goaod
impact absorbing properties and be able to deflect and generally retum to its
original shape upon deformation. It has been found that tow density flexibie
polymer foams have these characteristics.

Further investigation has found foams having a densily between about
1.21b/ft” and 30.0Ib/ft° exhibit the proper characteristics to prevent the first and
second type pinch flats discussed above. This density range is sighificantly
lower than the density of rubber {natural tubber densi-ty is generally 0.0343Ib/in”
or 59.271b/ft°). the material commonly used in forming inner tubes, conventional
tire flaps, and tires. Suitable foams for the present invention tire flap can be
expanded polystyrene foam, expanded polyethylene foam, cross-linked
polyethylene foam, expanded polypropyleneg foam, extruded polyethylene foam,
polyurethane foam, vinyl nitrile foam, and neoprena. The foam may be open or
closed cell foam, but Dreie.rab'iy closed cell foam as it is more resistant to water
absorption. Polymer foams having a density range of between about 1.21b/ft°
and 15.0b/#t° are preferred as they provide the sufficient flexibility anq elasticity
for ease of instaliation. Polymer foams in this density range are commonly used
in providing shack protection in the packaging of consumer products- such as
eiectronic devices. {n a preferred embodiment, a closed cell cross-linked
polyethylene foam having a density of about 2. 0Ib/ft° has provided satisfactdr‘y
results_in aliminating tube failure under iow tire pressures.

Referring now to FIGS. 8-14 is illustrated the tire flap 10 of the present
rvention in combination with an off-road tive assembly 22. FIG. 10 shows a
cross~saction along the valve stem 27 with the tube deflated. The internally
facing surface 16 of the tire {lap 10 is positioned against the inner tube 17, and

the externally facing surface 18 of the tire flap 10 is positioned against the

14
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arcuate beadwell of the rim 37, the rim lock 19 {F!G. 12}, and the beads of the
tire 31. Referring to FIG: 10, the initial thickness “t * of the tire flap 10 adjacent
the bead 31 of the twre 13 should be at least about 1.5 times the thickness of the
inner tube 17 so as 1o provide enough foam material in this area {0 absorb the
shear siresses from the second type pinch flat discussed above. ltis to be
pointed out {thal this thickness will decrease over {ime due to compression of the
tire flap 10 as the tive assembiy 22 is inflated and used; hence the initial
thickness refers {o the. thicknass prior to installation and use of the tire flap 10.
Preferably the initial thickness "t * should be at least about four times the
thickness of the inner tube 17. The thickness of the C-cup portion 12 need only
be enough {0 prevent if from being trapped between the bead of the tire 31 and
the rim 15 in the event of the first type pinch flat condition, as shown in FIG. 13.
For ease of manufacture these thicknesses are preferably the same, aithough
they may be different, if desired.

FiG. 11 shows the cross-section of FIG. 10 after the inner tube 17 has
been infiated to seat the bead 31 of the tire 13 on the rim 15, and with the
pressure set to a desired low pressure, such as 8psi. In a preferred embodiment,
the distance " ;7 of the wing portions 14 must be at least 120% the height " h,°
of the vedical lips 35 measured from the flat shelf 33 of the rim 15. This is o
assure that enough tength of the wing portions 14 extend into the tire gbout the
beads 31 so as {0 absorb the shear stress icurred in the second type pinch fiat
condition, as shown in FIG. 14. Preferably. the height * h; " should be between
about 150% to 225% the height” 1" of the rim 15 in off-road molorcycle wheel
applications.

FIG, 12 shows a c-ros's-section of the assembly 22 taken along the rim lock

19 at a secona aperture 55 in the rim 15, The rigid arm extensions 59 of the nm

15



{3

. aks

20

‘1

e

CA 02950932 2016-11-095

WO 2015/175198 PCT/US2015/027834

lock 19 positively secure a portion of the tire beads 31 against the verlical hps 35
and flat shelf 33 of the rim 15 at location 57, when the rim lock nut 38 is
tightened. It is critical that this nut 39 is securely tightened to prevent the tire
from spinning an the rin during acceleration and braking, particularly when
operating the assembly 22 al fow tire pressures. Also seen in FIG. 12, is that the
externally facing surface 18 of the tire flap 10 is adjacent the rim lock 19 along
the rigid arm extensions 5. He'fxée, the tire flap 10 prevents contact between the
inner {tube 17 and the rim lock 19.

FIG. 13 shows the prasent invention off-road tire assembly 22 in the
condition of the first type pinch fiat impacting object 41 at angle 43. Although the
bead 31 of the tire 13 has been pushed into the arcuale beadwell 37 of the nm
15, the foam fire flap 10 has sufficient thickness and resilience {o resist being

caught belween the bead and the rim, and thus protects the inner tube 13 from

the first type pinch flat discussed in conjunction with FIGS. 4 and 5.

FIG. 14 shows the present invention oft-road ltire assembly 22 in the
condition of the second type pinch flat impacting object 47. By the pioper
selection of foam material and providing a sufficient initial thickness *{ " of the
foam tire flap 10 adjacent the bead of the tire 31, the flap is able to absorb the
shear stresses incurred in this type impact instead of the inner tube 17, thus
preventing the second type pinch flat discussed in conjunction with FIGS. 6 and
I8

A preferred embodiment tire flap for use with a 21 inch rim front
motorcycle wheel assembly is shown in FIG. 15. The mold to make the flap has
an inside diameter “id” of 21.0 inches, an ouliside diameter "od” of 23.6, a width
"w" of 2.45 inches, and a radius *r* of 0.55 inches. The mold is separable at its

center in order to remove the tire flap once itis formed. In this embodiment the
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21 inch nm has a height * /,.° bf the vertical lips of about 0.800 inches, and the
resuiting tire flap formed has a haight * iy ° of about 1.06 inches when mounted
on the rim. This esiablishes a height * hH¢ ™ that 1s 212% the height ® #1,° of the rim.
The flap i1s formed from a cross-iinked polyethyiene sheef foam of a density of
2ib/ft” obtained from Foam Factory, Inc. of Township, Michigan. The foam is
laminated together by heat bonding the sheets about the mold. Satisfactory
resulls have béen achieved using two sheets of materiaL one being % thick and
the other being 1/16" thick for 8 combined initial thickness of 0.3125 inch. There
are generally three sizes of inner lubes available, standard tubes having a
thickness of 0.065 inches, heavy duty fubes having a thickness of 0.120 inches,
and ultra heavy duly tubes having a thickness of 0.150 inches. Henceg, in this
embodiment the iniial thickness of the foam tire flap is 2.1 limes greater than the
thickness of the thickest tube available for this application, and 4.8 times greater
than the thickness of the thinnest tube available for this application.

Another preferred embodiment tive filap for use with an 18 inch rim rear
motorcycle wheel assembly is shown in FIG. 16, The mold (o0 make this flap has
an inside diameter "d" of 18.4 inches, an cutside diameter “od” of 21.1 inches. a
width "w’” of 3.5 inches, and a radius 17 of 1.1 inches. In this embodiment the 18
#ich fim has.a height ® /1" of the vertical lips of about 0,545 inches, and the
restiiting tire Hap formed has a height * /1" of aboui 0.86 inches when mounled
on the-rim. This establishes a height “ i, that is 176% the height” h, ¥ of the rim.
The flap is formed from the same cross-linked polyathylene sheet foam of the
previotis embodiment. In this embodiment the fiap is laminated {ogether by heat
bonding two ¥ inch thick sheets about the mold for a combined initial thickness
of 0.500 inch. The inner tube thickness available for an 18 inch nim are the same

as those for the 21 inch rim discussed above. Hence, in this embodiment the
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initiaf thickness of the foam tire flap 1s 3.3 times greater than the thickness of the
thickest tube available for this application, and 7.7 times greater than the
thickness of the thinnest tube available for this application.

Tire flaps made in the embodiments shown in FIGS. 15-and 16 have been
installed on off-road dirt bikes and successfully operated at tire pressures
betwaen 4-8psi in extreme off-road conditions without incurring a single pinch
fiat. The tire flaps are extremely lightweight {about 1-2 ocunces), and have been
successfully tested with the lightest weight, thin walled inner tubes. This makes
the present invention tire flap, when used with thin walled inner tubes installed on
motorcycle wheel assembiies, lighter than any of the prior art whee! assembly
approaches discussed in the background of the invention, with the possible
exception being the tire ball approach. Nénetheless, it desirably reduces the
weight and the moment of inertia of the assembly, which improves suspension
performance and vehicle acceleration, an advantage highly sought after in the
MoioCross community.

Although the embodiments shown i FIGS. 15 and 16 are made from
molds separable aboul their center, and the flaps are made by heat lamination of
sheet polymer foam, it is envisioned to produce injection molds so that the tire
flaps can be manufactured b.,y in}éction molding the polymer foam matenal into
the mold at a desired foam densily. Allerngtively, the flaps could be formed into
a loop and machined to the desired shape.

in an alternative embodiment, the foam internally facing surface 16 of the
tire flap 10 is bonded in position on the inner tube 17 so they can be inslalled as
a single piece during assembly. In this embodiment the present invention '
comprises a tive flap inner tube combination. Such bonding could be

accomplished with an appropriate adhesive or, if possible, by heat bonding or
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equiivalent process.

The tire flap of the present invention has wide application for off-road
vehiclie whee!l assemblies operated at low tire pressures. For example, off-road
dirt bikes, motocross bikes, and dual sport bikes would benefit immensely by
being able to operale at low lire pressures with the present invention which is
simple, inexpensive, and easy to install solution to eliminating tube flats. Road
bikes would also beneﬁt, particularly those which are used both on and off-road.
In addition, off-road motorcycles that operate with rear trial tires wauld benefit as
well. Trial tires have relatively soft tire sidewalls and are not intended for high
speed operation, but when installed on off-road motorcycles that are operated al
high speed, it1s not uncomimon {o pinch the tube as explained herein.

If is to be appreciated by those skilled in the ait thatl tires on off-road
vehicles such as motorcycles are subjected to exireme deflection during use
compared to their counterparts on cars and trucks. Such deflection forces
generale a substantial amount of friction and heat for any foam material used in
the tire assembly. Hence, off-road tire assemblies are a poor environment for the
msertion of any foam matenal inside the tire, and any such material will be
subject to disintegration. The sold foam inserts currently available from Michelin
and Dunlop corporations have been specifically engineered to withstand such
envirocnments with the assistance of lubncation. They are made fro_rﬁ tight closed
cell butyl honeycomb foam, with the cells pressurized with nitrogen gas, and
have a smooth outer skin to seal in the nitrogen gas. The outer skin must be
heavily lubricated when instalied in the lire. Those skilled in the arl would
understand that if a solid foam insert were made from the low density foams
selected for the presentinvention, that it would have no chance of surviving the

defleclive environment inside an off-road tire, and would fail by almost immediate
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disintegration. Hence, those skilled in the art would reject the idea of using any
of the low density foams selected for the present invention inside an off-road tire
assembly.

However, what those skilled in the art shall appreciate. upon a reading of
the present invention, is that such fow density foams can b_é used inside an off-
road vehicle tire assembly as a tire flap. {tis significant that the tire flap of the
prasent invention resides adjacent the beads of the tire and the arcuate beadwell
of the nm. Further, the thickness of the tire flap does not significantly protrude
mside the central portion of the tre. As such. the lire flap of the present invention
s not subjected to the extreme deflective environment occurring in the central
portion of the tire adjacent the main section 28 of the tire. As those skilled in the
art shall appreciate, the tire flap of the present invention ganerally resis stafically
nside the tire assembly and is only subjected {0 an even compression load of the
low inflated inner ftibe. The only time the tire flap is subjected {o deflection is
guring an impact with an object that could cause the first' or second type pinch
flal. Hence, when operation of an offwoad vehicle in extreme off-road condifions,
the inner tubes and tires will,be continuously subjected to vioclent deflections, yet
the tire flap may only be deflected from the occasional first and/or second type
pinch flat impact. in short, il is believed the inner tube and the {ire takes
generally ahout 98% of the abuse of the exireme defiective environment inside
the tire, with the polymer foam tire flap of the present invention taking only about
2% of this abuse. Because of this, the low densily palymer foams of the present
invention tire flap can be effectively used inside the extreme deflective
environment of an off-road tire assembly. contrary to conventional wisdom int the
art.

It has been found that initial prototypes of the present invention made from
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extruded polyethylene foam have proven salisfactory m eliminating pinch ilats
while operating an off-road motorcycie at extremely low tire pressures (4psi (o
Bisi), Further prot.otypes made from cross-linked polyethylene foam provided
greater longevity of the flap. Riding over extreme off-road conditions and
consuming 3 sets of tires, the prototype tire flaps prevented any pinch fiat. After
being used with 3 sets of tires, the wing pértions of the tire flap start to show
signs of degradation and significant reduced thickness in the wing portions and
C-clip portion at the rim lock. However, even .witht\this regiuced thickness, the tire
flaps still performed satisfactorily. lf is believed this is due to starting with an
initial thickness * t *of the tire flap near the bead of the tire being 4 to 7 times the
thickness of the inner tube. Eventually, the tire flap of the present invention wil
need o be replaced after significant use. This 1s believed {6 be salisfactory as
they are infended to be inexpensive compared {o the cost of an off-road tire, and
can be used at least through the consumption of 3 or 4 sets of tires.

Assembly and disassembly of the present invention tire flap simpie
compared to the solid foam, tire ball, and pneumatic seal approaches. ltis no
more difficult or different than mounting of conventional inner tbe tire
assemblies. First, one bead of the tire is pulled onto the rim around the arcuate
beadwell of the rim as usual, Second, the rim logk is positioned inside the rim
thraugh the aperture provided in the rim as usual. Next, the tire flap is positionsu
inside the inner tube with the valve stem protruding though the aperture provided
int the tire flap. The flap and tube are then inserted into the rim, and the valve
stem is pushed through the aperzu{e i1 the rim for the valve stem. The rest of the
inner fube and tire flap are pressed info the tire and nm. Finally, using tire irons,
the final bead of the tire is pried over the rim as usual, and the tube is

pressurized to seat the bead of the tire it the nm. The rim lock is then tighteneq,
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and the tube is de-pressurized to a desired low pressure. A significant
aavantage of the present invention foam tire flap is that during installation or un-
installation the tire flap protects the inner tube from any interaction with tire irons
used it pulling the bead of the tire over the rim. Hence, the tire flap protecis
against installation un-instaliation be pinches thal are frequently incurred by
mproper use of the tire iron.

What has been described are preferred embodiments of a foam tire flap
tor off-road tire assemblies. Those skilled in the art will appreciate that numerous
modifications are possible without materially departing from the novel teachings
and advantages 6( the subject matier described herein. Other modifications,
substitutions, changes, and omissions may be made in the design and
arrangemerit of the preferrad and other exemplary embodiments without

departing from the spitit of the present invention.
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WHAT IS CLAIMED IS:
1. A flap for an off-road tire mounted on a safely rtm having a rim lock with a
inner tube instatled in between the tire and the rim, the flap comprising:

a continuous cylindrical C-cup podion hawing a central aperiure for

receiving a valve stem of the inner tube, the C-cup portion having a wing portion

‘Y

on both ends forming an internally facing surface and an externally facing
surface, the internally facing surface of the flap designed to be positioned against
the inner tube, the externally facing surface of the flap designed {o be posilioned
against an a'rcua'ie beadwel] of the rim, the rim lock, and beads of the tire; and.

10 the flap made from a impact absorbing foam having a densily between 1.2

b/ and 30.0 b

2. A flap for an off-road lire as ciaimed in claim 1 wherein the verlical lips of
the rim have a height * #,* measured from a flal sheif of the rim, and the wing

portions of the flap extend inward a distance * /1" measured from the fiat shelf of

*odd
Y

the rin, the distance © " being at least 120% the height * h. " of the vertical lip of

the 1im.

3. A flap for an off-road tire as claimed in claim 2 wherein the distance * h; *
10 being at ieast between 150% and 225% the height “ A, ° of the vertical lip of the

Fi

4, A flap for an off-road tire as claimed in claim 1, wherein the flap has an
initial thickness ° { “ adjacent beads of the tire that is at least gbout 1.5 times the

thickness of the inner tube.
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5 A tlap for an off-road tire as claimed in claim 4 wherein the initial thickness

Y »

“ t* is at least about 4.0 times the thickness of the inner lube.

6. A flap for an offeroad tire as claimed in claim 1 wherein the densily is

between 1.2 Ib/f° and 15.0 b/,

7. A flap for an off-road tire as claimed in claim 1 wherein the impact
absorbing foam is ‘seiéded from the group consisting of. expanded polysiyrene
foam, expanded polyethylene foam. cross-linked polyethylene foam, expanded
polypropylene foam, extruded polyethylene foam, polyurethane foam, vinyl hitrile

foam, and neoprene.

8. A flap for an off-road tire as claimed in claim 1 wherein the tire flap is
made from a cross-linked polyethylene foam having a density of between 1.2

bAE and 15.0 b/t
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8. A combination comprising.

an off-road tire to be mounted on a safety rim of a wheel, the tire including
a main seclion {erminating at IWQ.-bead's;.

the rim having a generally flat shelf iocated between two upturned vertical
lips in between a downturned arcuate beadwell, the beads of the tire being
mounied adjacem' the vertical ips of the rim and flat shelf when the tire is
mounted on the rim, the vertical lips having a height* b, ",

an inner tube having a valve siem and a thickness, the inher Wbe installed
i1t between the lire and the rim, the rim having an aperture in the arcuale
beadwell for receiving the valve stem;

a run lock instailed on the rim, the rim having a second aperture in the
arcuate beadwell for recetving the nim lock, the rim lock positively securing a
portion of the tire beads against the vertical lips and flat shelf of the nim; and,

a tire flap having a continuous cylindrical C-cup portion having a central
aperture for receiving the valve stem of the inner tube, the C-¢cup portion having a
wing portion on both ends forming an internally facing surface and an externailly
facing surface, the flap installed with the internally facing surface posilioned
against the inner tube and the externatly facing surface positioned against the
acuate beadwell of the rim, the rim lock, and the beads of the tire, the wing
partions extending inward int the lire a distance ™ /7 of at least 120% the height”
I+, “ of the vertical lip of the rim measured from the 'ﬂ-atl-she_-.lf’ of the vim, the flap
made from an impact absorbing foam having a density between 1,2 |b/ft* and
30.0 Ib/i° and having an initial thickness * { “ adjacent the bead of the tire that is

af legsi abouf 1.6 times the thickneass of the inner tube.

10. The combination as recited in claim 9 wherein the impact ahsorbing foam
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has a density of between 1.2 iR and 15.0 b/t

11.  The combination as recited in claim 9 wherein {he initial thickness " t*
adjacent the bead of the tire that is at least about 4,0 times the thickness of the

fmner {ube.

12.  The combination as recilad in claim 8 wherein the wing porlions extend
inward in the tire a distance " A" of at least between 150% and 225% the height”

h,© of the vertical lip of the rim measured from the flat shelif of the rim.

13.  The combination as recited in claim 9 wherein the impact absorbing foam
is sefected from the group consisting of: expanded polystyrene foam, expanded
polyethylene foam, cross-linked polyethyiene foam, expanded polypropylene
foam. extruded polysthylene foam, polyurethane foam, vinyi nitrile foam, and

neoprene.

14.  The combination as recited in claim 9 wherein the internally facing surface

of the tire flap is bonded i position on the inner tube.

18. The combination as recited in claim 8 wherein the tire flap is made from a
cross-linked polyethylene foam having a density of between 1.2 b/t and 15.0

157164
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106, -A combination flap and iner twbe for an off-road tire mounted on a safety
rim having a rim lock with a inner tube installed in between the tire and the riny,
the inner tube having a thickness and the tire having a bead, the combination
comprising:

a inner tube having a valve stem and designed to be inslalied in between
the tire and the nim:

a flap having a continuous cylindrical C-cup portion, the C-cup portion
having 3 aperiure and a wing poriion on both ends forming an internally facing
surface and an externally facing surface, the internally facing surface bonded to
the inner tube with the aperitre receiving the valve stem, the exiernally facing
surface of the tlap designed to be positioned against an arcuate beadwell of the
i, the rim tock, and the beads of the tire; and,

the flap made from a impact absorbing foam having a density between 1.2

Ib/ft* and 30.0 th/ft™

17. A combination as claimed in claim 16 wherein the wing portions of the flap
extend inward in the tire a distance * /1 measured from the flat shelf of the nm,

the distance * /i, being at least 120% the height * h, * of the vertical lip of the rim.

18 A combination as claimed in claim 17 whearein the distance " H" being at

least between 150% and 225% the height® A1, © of the vertical lip of the rim.

19. A combination as claimed in claim 16, the inner tube having a thickness
and the flap having an initial thickness “ t ° thal is at least about 1.5 limes the

thickness of the inner tube.
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20. A combination as claimed in claim 19 wherein the initial thickness * 1 “ is at

W el
LAt

least about 4.0 times the thickness of the inner tube.

21. A combination as claimed in claim 16 wherein the flap made from an

inpact absorbing foam has a density of between 1.2 16/t and 15.0 b/,

22. A combination as claimed in claim 16 wherein the impact absorbing foam
ig selected from the group consisting of. expanded polystyrene foam, expanded
polyethylene foam, cross-linked palyethylene foam, expanded polypropylene
foam. extruded polyethylene foam, polyurethane foam, vinyl nitrile foam, andg

neoprene.

23. A combitration as claimed in claim 16 wherein the lire flap is made from a

cross-linked polyethylene foam having a density of between 1.2 b/ft° and 15.0

b/t
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