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(57) Abréegée/Abstract:
A monitoring assembly for a pneumatic tire includes an electronic monitoring device having at least one sensor disposed In a

protective body. The protective body includes an encapsulation layer that encapsulates the substrate and sensors, a cushion, and
a skin on the outside of the cushion. The protective body is substantially spherical allowing the assembly to roll about the inside of a

tire without
Sensor car

being permanently connected to the tire. A breathing tube through the protective body Is provided so that a pressure
sense the pressure within the pneumatic tire. The breathing tube may be filed with a transfer gel to prevent the

breathing tube from being clogged. The monitoring assembly may further include wings that help position the monitoring assembly

within the t
placed in a
use.

re. The antenna of the monitoring device may be disposed within one of the wings. The monitoring assembly Is simply
tire before the tire Is mounted on a vehicle rim and allowed to move about loosely In the tire chamber when the tire Is In
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ABSTRACT OF THE DISCLOSURE

A monitoring assembly for a pneumatic tire includes an electronic
monitoring device having atleast one sensor disposed in a protective body. The
protective body includes an encapsulation layer that encapsulates the substrate
and sensors. a cushion, and a skin on the outside of the cushion. The protective
body is substantially spherical allowing the assembly to roll about the inside of
a tire without being permanently connected to the tire. A breathing tube through
the protective body is provided so that a pressure sensor can sense the

pressure within the pneumatic tire. The breathing tube may be filled with a

transfer gel to prevent the breathing tube from being clogged. The monitoring
assembly may further include wings that help position the monitoring assembly
within the tire. The antenna of the monitoring device may be disposed within

one of the wings. The monitoring as'sembly is simply placed in a tire before the
tire is mounted on a vehicle rim and allowed to move about loosely in the tire

chamber when the tire is in use.
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NON-ATTACHED MONITORING ASSEMBLY FOR PNEUMATIC TIRE

BACKGROUND OF THE INVENTION

Technical Field

The presentinvention generally relates to pneumatic tires and devices for
monitoring the con‘ditions of the tires. More particularly, the present invention
is related to a radio frequency active monitor assembly that is housed In a
protective body that is placed in a tire and is free to move about while the tire is
in use with nothing connecting the monitor assembly to the tire or tire rim.
Specifically, the presentinvention relates to a monitoring device fora pneumatic
tire that is housed in a substantially spherical protective body. The spherical
body is placed loosely between a tire and a tire rim when the tire is mounted on
the tire rim and allowed to freély move about the inside of the tire.

|

Background Information

It is often deéired in the art to monitor the conditions of tires while they are
installed and in use on a particular vehicle. Itis particularly desirable to measure
the internal temperature and internal pressure of a tire. These measurements
are preferably capable of being taken while the tire is in use without having to
remove the tire from the vehicle or otherwise interrupt the use of the vehicle to

take the measurements. ltis particularly desirable to monitor the conditions and
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statistics of large off-the-road truck tires because the off-the-road tires are
expensive and subject to harsher conditions that typical passenger car tires.

The off-the-road tires on large trucks and oiher vehicles must be regularly
maintained to maximize vehicle and tire efficiency.

Numerous types of monitoring devices are known in the art. One type of
known monitoring device uses a passive integrative circuit embedded within the
body of the tire that is activated by a radio frequency transmission that energizes
the circuit by inductive magnetic coupling. Other prior art devices used for
moniioring tire conditions include self-powered circuits that are positioned
external of the tire, such as at the valve stem. Other active, self-powered
programmable electronic devices are disclosed in U.S. Patents 5,500,065,
5,573,610, 5,562,787, and 5,573,611 which are assigned to the Assignee of the
present application.

One problem common to each of these monitoring devices is the problem
of attaching the monitoring device to the tire with a stable and lasting
attachment. The attachment problem is difficult when the monitoring device is
attached to the inside of the tire, the outside of the tire, or embedded within the
body of the tire. Each of these locations creates different problems with the
attachment process és well as the manufacturing process of the tire. It is

generally undesirable to provide an attachment configuration that requires re-

tooling or any re-directing of the existing tire manufacturing lines. It is thus
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desired in the art to provide a monitoring device for a pneumatic tire that
obviates the attachment problems inherent with the prior art monitoring devices.

The prior art attachment problems ekist because the forces on an
electronic monitoring device while connected to a pneumatic tire are significant
and numerous. Tires not only are subjected to rotational forces when the
vehicle is moving but are also subjected to various impact forces when the tire
contacts bumps or surface irregularities. The attachment of the monitoring
device to the tire must be strong enough and secure enough to maintain the
posifion of the monitoring device with respect to the tire while experiencing all
of these forces while also protecting the monitoring device from damage
resulting from these forces. These concerns have lead to the encapsulation of
the monitoring devices and numerous methods of attac‘hing the monitpring
device to the internal wall of a tire.

The :lattachment of the monitoring device to the internal Wall of the tire
requires the tire to be balanced about its rotational axis prior to use. The
monitoring device itself adds weight to the tire and the attachments known in the
art add further weight to the tire requiring the tire to be counterbalanced. It is
thus desired to provide a monitoring device that may be used with a tire without

requiring the tire to be counterbalanced.

Another significant problem experienced with attaching a monitoring

device to a pneumatic tire is that the surface of the tire where the monitoring
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device Is typically anchored is not stable. Tires are designed to flex and stretch
to accommodate various pressures and forces. The attachment of the
monitoring device to the tire must accommodate the movement and stretching
of the tire surface where the monitoring device is connected. Such
accommodation must last throughout the life of the tire and function at a wide
range of temperatures and pressures. It is thus desired in the art to provide a
monitoring device that may be used with a pneumatic tire without being

connected to one of the tire surfaces that flexes and stretches.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an objective of the present invention to
provide a monitoring assembly for a pneumatic tire that may be monitored from

the outside of the tire while the tire is mounted on a tire rim and while the vehicle
1
IS In use.
Another objective of the present invention is to provide a monitoring

assembly for a pneumatic tire that is placed within the tire but is not connecfed

to the tire or tire rim allowing the monitoring device to move about freely inside

the tire.
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Still another objective of the present invention is to provide a monitoring
assembly for a pneumatic tire wherein the use of the monitoring device does not
require modification to the structure of the tire.

Another objective of the present invention is to provide a monitoring
assembly for a pneumatic tire that may be added to the tire just before the tire
IS mounted on a tire rim such that the monitoring device may be installed and
used without modification to existing tire assembly lines.

A further objective of the present invention is to provide a monitoring
assefnbly for a pneumatic tire that may be used with existing tires.

Still a further objective of the present invention is to provide a monitoring
assemply for a pneumatic tire that includes wings that orient the monitoring
device with respect to the tire so that the antenna of the monitoring device may
establish a reliable communication between the monitoring device and a data
gathering de:vice outside of the tire.

A further objective of the present invention is to provide a monitoring
assembly for a pneumatic tire that includes a pressure sensor that is capable of
sensing the internal pressure of the tire.

Another objective of the present invention is to provide a monitoring
assembly for a pneumétic tire that allows a pressure sensor to function while
reducing the risk that the pressure sensor malfunctions by filling the breathing

tube of the monitoring device with a transfer gel.
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Another objective of the present invention is to provide a monitoring
assembly for a pneumatic tire that protects the sensitive electronic equipment
of the monitoring device in a protective body thét has a series of layers including
a cushioned layer that absorbs impact forces.

Another objective of the present invention is to provide a monitoring
assembly for a pneumatic tire that has an exterior shape allowing it to easily and
relatively smoothly move about the inner chamber of a tire.

An additional objective of the presentinvention is to provide a monitoring
asse’hwbly for a pneumatic tire that is of simple construction, that achieves the
stated objectives in a simple, effective, and inexpensive manner, that solves the
problems, and that satisfies the needs existing in the art.

These and other objectives and advantages of the present invention are
achieved by a combination of a pneumatic tire and a monitoring assembly, the
pneumatic tire having a body mounted on a rim to form a chamber between the

|

body and the rim; the monitoring assembly being loosely disposed within the
chamber whereby the monitoring assembly moves freely within the chamber
being restrained only by the tire body and the rim.

Other objectives and advantages of the present invention are achieved
by a monitoring assembly for use in a pneumatic tire, the monitoring device

assemply including at least one sensor for detecting an engineering condition
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of a tire; and a protective body surrounding the sensor, the protective body

having sufficient curvature enabling the body to roll on the inside of the tire.
Further objectives and advantages of the present invention are achieved

by a monitoring assembly for use in a pneumatic tire, the monitoring assembly
Including at least one sensor for detecting an engineering condition of a tire; and
a protective body surrounding the sensor, the protective body including an

encapsulation layer disposed adjacent the sensor, and a cushion disposed

outside the encapsulation layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the invention, illustrative of the best modes
In which applicants contemplate applying the principles of the invention, are set
forth in the following description and are shown in the drawings and are
particularly and distinctly pointed out and set forth in the appended claims.

Fig. 1; Is a sectional view of a pneumatic tire mounted on a rim having the
monitoring device assembly of the present invention located in the chamber
between the tire body and the rim;

Fig. 2 i1s an enlarged perspective view of the monitoring device assembly

of Fig. 1 removed from within the tire;
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Fig. 3 is a sectional view of the monitoring device of Fig. 2, the sectional
view taken through a portion of the monitoring device assembly including the
breathing tube;

Fig. 4 is a perspective view, portions of which are broken away and in
section, of a modified embodiment of the monitoring device of Fig. 2;

Fig. 5 is a diagrammatic plan view with portions broken away showing the
modified monitoring device assembly of Fig. 4 located in a pneumatic tire with
the rim removed;

- Fig. 6 is a fragmentary view with portions broken away and in section of
a further modified monitoring device assembly from that of Fig. 4;

Figs. 7A-7D schematically depict alternative protective body shapes for
the monitoring assembly of the present invention;

Fig. 8 is a perspective view of a modified embodiment of the monitoring
device of Fig. 2; and

Fig. 9 is a view similarto Fig. 3 showing an alternative embodiment of the
breathing tube configuration.

Similar numbers refer to similar elements throughout the specificatio‘n.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The monitoring assembly of the present invention is indicated generally

by the numeral 10 in the accompanying drawings. Monitoring assembly 10
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generally includes a radio frequency, active, electronic monitoring device 12
surrounded by a protective body 14. Device 12 may be of the type shown in
U.S. Patent No. 5,500,065, the contents of which are incorporated herein by
reference, or could be of other configurations and operations without effecting
the concepts of the present invention. Assembly 10 is used simply by placing
it inside a tire 16 such that assembly 10 is trapped between tire 16 and the rim
18 on which the tire is mounted. Assembly 10 is free to move about a

pressurized air chamber 20 formed between tire 16 and rim 18 with only the

body of tire 16 and rim 18 stopping or limiting the movement of assembly 10.

In accordance with ohe of the objectives of the present invention,
assembly 10 may be simply placed in tire 16 before the tire is mounted on rim
18. This method of combining assembly 10 with tire 16 allows the assembily to
be used with existing tires, allows assembly 10 to be used with different tires,
and does not require the tire manufacturing line to be reconfigured to add

assembly 10 to a specific tire.

The use of assembly 10 may be particularly useful in large off-the-road
tires that do not rotate at a high rate of speed but could also be used In truck
and passenger tires if desired. Off-the-road tires are typically large and have
relatively thick side wal.ls. Monitoring assembly 10 will rest at the bottom of tire
16 as shown in FIG. 1 when tire 16 is rotating slowly about its rotational axis.

Monitoring assembly 10 may rock back and forth as tire 16 rotates and
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experiences bumps but will not spin about the rotational axis of tire 16 at lower
speeds. In these situations, monitoring assembly 10 would not experience
significant impact or shock forces that would tend to damage electronic active
monitoring device 12. When tire 16 rotates faster, there will be sufficient friction
and forces between protective body 14 and tire 16 to cause monitoring assembly
10 to rotate about the rotational axis of tire 16 as if it was fixed to the inner
surface of the tire. Protective body 14 is formed in a shape, such as the
substantially spherical shape depicted in the drawings, that allows assembly 10
to rol.l about the interior of tire 16. Protective body 14 Is shaped to prevent the
movement of monitoring assembly 10 about the interior of tire 16 from causing
additional forces to be exerted on electronic monitoring device 12 and to tire 16.
For instance, protective body 14 may be formed in any of the shapés depicted
in Figs. 7A-7D.

In acc;ordance with another objective of the present invention, protective
body 14 includes an encapsulation layer 22, an outer skin 24. and a cushion 26
disposed between skin 24 and encapsulation layer 22 as shown in FIG. 3.

Encapsulation layer 22 may be formed from a substantially rigid encapsulation

material such as a hard plastic, epoxy, or rubber. Encapsulation layer 22 is
configured to maintain the position of each of the elements of electronic
monitoring device 12 when monitoring assembly 10 is loosely moving about

chamber 20 while tire 16 is in use. Cushion 26 preferably is fabricated from a

10
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foam or a soft rubber and provides a shock absorber to assembly 10. The foam

is preferably resilient. As can be seen in Fig. 3, the thickness of cushio'n 26

varies so that the internal surface of cushion 26 matches the exterior surface of

encapsulation layer 22, while the external surface of cushion 26 is substantially

spherical. Skin 24 provides a durable, orotective layer to monitoring assembly
10 and may be fabricated from a substantially durable rubber or plastic that is
fixed to cushion 26 by a suitable adhesive or by curing the materials together.
In one embodiment of the present invention, skin 24 has an external diameter
of abbut 2 inches to about 2 ¥4 inches. Obviously, other sizes of assembly 10
are contemplated by the present invention.

Electronic monitoring device 12 preferably is an active monitoring device
that includes at least one sensor such as a pressure sensor 30. Other sensors

may include a thermometer 32 for measuring the internal temperature of tire 16.

Electronic monitoring device 12 may further include a battery 34 that powers a
central processing unit (CPU) 36 that both drives and monitors the other sensors
of device 12. Numerous types of electronic monitoring devices are known in the
art and the specific configuration described is not to limit the application of the
present invention.

Pressure sensor 30 must be exposed to the pressure of the surrounaing

atmosphere in chamber 20 for it to provide useful information. A breathing tube

38 thus is provided through encapsulation layer 22, cushion 26, and skin 24.

11
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Breathing tube 38 preferably Is formed during the fabrication of monitoring
assembly 10 or may be formed after assembly 10 has been fabricated.
Breathing tube 38 may be empty to provide direct fluid communication between
pressure sensor 30 and the surrounding atmosphere. In another embodiment
of the present invention, breathing tube 38 is filled with a transfer gel 40 that has
a one-to-one transfer ratio so that pressuré sensor 30 senses the pressure
change in transfer gel 40 which, in turn, senses and experiences pressure
changes in the atmosphere of chamber 20 that surrounds monitoring assembly

10. Transfer gel 40 prevents breathing tube 38 from being clogged with debris
such as dust, rubber shavings, or grease that may be present in chamber 30 or

on rim 18. An indentation 42 is provided in skin 24 to give transfer gel 40 more
surface area that is exposed to the atmosphere surrounding monitoring
assembly 10. In another embodiment of the invention, a flexible diaphragm 44
(Fig. 9) coveirs breathing tube 38 to prevent transter gel 40 from becoming

contaminated.

in accordance with another objective of the present invention, monitoring
assembly 10 may be provided with a pair of wings 50 that extend from
substantially opposite sides of protective body 14 as shown in FIG. 4. Wings 50
help maintain the align'ment of assembly 10 in tire 16 when the tire Is In use.

The proper alignment of assembly 10 within the tire provides a strong reliable

signal between electronic monitoring device 12 and a data gathering machine

12
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(not shown) positioned outside of tire 16. In one embodiment of the present

invention. each wing 50 is formed from the same material as skin 24 and

cludes a circumferential stiffening rib 52 and an intervening webbing 4.

Wings 50 may also be fabricated from a material that is substantially the same
or the same as the material of an innerliner 56 of tire 16. In still other
embodiments of the present invention, wings 50 may be reinforced with rigid
plastic member or other types of reinforcements. As discussed above, wings 50
help maintain the alignment of monitoring assembly 10 within tire 16 in order to
orovide a more efficient transmission signal therefrom. As shown in Fig. 5,
wings 50 will help align monitoring assembly 10 such that each wing 50 extends
in a direct substantially parallel to the rotational axis of tire 16.

In accordance with another objective of the presentinvention, an antenna
56 may extend from CPU 36 or another location of electronic monitoring device
12 through er?;:apsulation layer 22, through cushion 26, through skin 24, and into
wing 50. The extension of antenna 56 into wing 50 allows it to more easily
communicate with a data gathering device (again not shown) outside of tire 16

and allows antenna 56 to be ideally configured to transfer strong signals. In
addition, the placement of antenna 56 in wing 50 allows the configuration and

alignment of antenna 56 to be predictable so that the corresponding antenna on

the data gathering device may be ideally aligned to communicate with antenna

13



10

15

20

CA 02289385 1999-11-12

EXPRESS MAIL NO. EL161614138US

56. Another embodiment of the invention is depicted in Fig. 8 with monitoring
assembly 100 having a pair of wings 102 that are conically-shaped.
Accordingly, the improved monitdring assembly for a pneumatic
tire is simplified, provides an effective, safe, inexpensive, and efficient device
that achieves all the enumerated objectives, provides for eliminating difficulties
encountered with prior devices, and solves problems and obtains new results in

the art.

In the foregoing description, certain terms have been used for brevity,
clearhess, and understanding; but no unnecessary limitations are to be implied
therefrom beyond the requirement of the prior art, because such terms are used
for descriptive purposes and are intended to be broadly construed.

Moreover, the description and illustration of the invention is by way of
example, and the scope of the invention is not limited to the exact details shown

or described.

Having now described the features, discoveries, and principles of the
invention, the manner in which the monitoring assembly of the presentinvention

is constructed and used, the characteristics of the construction, and the

advantageous new and useful results obtained; the new and useful structures,
devices. elements, arrangements, parts, and combinations are set forth in the

appended claims.

14
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CLAIMS:

1. A non-attached monitoring assembly for use in a pneumatic
tire, said assembly comprising:

at least one sensor for detecting an engineering condition of a tire;
and

a protective body surrounding said sensor, said protective body
including an encapsulation layer disposed adjacent said sensor and a

cushion disposed outside said encapsulation layer.

2. The assembly of claim 1, wherein said sensor is a pressure

SEensor.

3. The assembly of claim 2, wherein said protective body
defines a breathing tube that provides fluid communication between said

pressure sensor and the atmosphere surrounding said protective body.

4. The assembly of claim 3, further comprising a transfer gel

substantially filling said breathing tube.

5. The assembly of claim 3, further comprising a diaphragm

extending across said breathing tube.

6. The assembly of claims 3, 4 or 5, further comprising an outer

skin substantially surrounding said cushion.

/. The assembly of any one of claims 1 to 6, wherein said

cushion material I1s a soft rubber.

8. The assembly of any one of claims 1 to 6, wherein said

cushion material is a foam.

9. The assembly of any one of claims 1 to 8, further comprising

a pair of wings extending outwardly from said protective body.

15
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10. The assembly of claim 9, further comprising an antenna
connected to said monitoring assembly, said antenna disposed in at least

one of said wings.

11. A monitoring assembly for use in a pneumatic tire;

said pneumatic tire having a body mounted on a rim to form a
chamber between said body and said rim wherein said monitoring
assembly includes an electronic monitoring device;

sald monitoring assembly being loosely disposed within said
chamber whereby said monitoring assembly moves freely within said
chamber being restrained only by said tire body and said rim,
characterized In that said electronic monitoring device is surrounded by a
protective body,

wherein said protective body includes an encapsulation layer
adjacent said monitoring device,

wherein said encapsulation layer is formed from a substantially rigid
encapsulation material, and wherein said protective body further includes

a cushion layer surrounding said encapsulation layer.

12. The assembly of claim 11, wherein said electronic monitoring

device Includes a pressure sensor.

13. The assembly of claim 11, wherein said protective body

includes a breathing tube that provides communication between said

pressure sensor and the atmosphere surrounding said protective body.

14. The assembly of claim 13, further comprising a transfer gel

substantially filling said breathing tube.

15. The assembly of claim 14, further comprising a diaphragm

extending across said breathing tube.

16
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16. The assembly of claim 11, wherein said encapsulation material

IS an epoxy.

17. The assembly of claim 11, wherein said cushion material is a

Soft rubber.

18. The assembly of claim 11, wherein said cushion material is a

foam.

19. The assembly of claim 11, wherein said protective body further

includes a skin layer substantially surrounding said cushion layer.

20. The assembly of claim 11, further comprising a pair of wings

extending outwardly from said monitoring assembly.

21. The assembly of claim 11, further comprising an antenna
connected to said monitoring assembly, said antenna disposed In at least

one of said wings.

22. A monitoring assembly for use in a pneumatic tire, said
assembly comprising:
at least one sensor for detecting an engineering condition of a tire;

and

a protective body surrounding said sensor; said protective body
having sufficient curvature enabling said body to roll on the inside of the
tire, characterized in that said protective body includes an encapsulation
layer disposed adjacent said sensor, an outer skin, and a cushion layer

disposed between said outer skin and said encapsulation layer.

23. The assembly of claim 22, further comprising a pair of wings

extending from said protective body.

17
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