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into sealing engagement with the band layer.
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RFID TRANSMITTER FOR TIRES AND METHOD OF MANUFACTURE

BACKGROUND OF THE INVENTION
In the manufacture and use of tires, it is desirable to know a definitive serial

number of a tire to provide a means for the correlation of beneficial data and to gather

data regarding the tires such as air pressure, wear and miles of travel.

FIELD OF THE INVENTION

The present invention relates to a Radio Frequency Identification Device
(RFID). More particularly, the present invention relates to an RFID device permanently
embedded in a tire during manufacture of the tire. The RFID device is used for
identification and recording of mileage and other data in tires of all sizes. The RFID
transmitter and additional components are cured directly into the tire to provide a
tamper-proof system for permanent identification and is positioned at a fixed radial
location in the tire. The fixed permanent radial location allows for accurate placement
of the components and component splices during the assembly. It also provides for
absolute radial positioning which is referenced in all additional assembly processes of
the tire. Such absolute radial positioning of RFID devices in all tires produced in a run
provides much improved quality and leads to improved quality inspections. The fixed
radial reference location provides a means to locate a troublesome component,
assembly technique or processes during the testing.

The RFID transmitter design provides for long-range transmission of the serial
number that is utilized for the sorting and sequencing for additional processes.

The RFID device of the present invention is able to obtain an accurate count

of the tire rotation through the use of a magnetic sensor which senses the earth's
magnetic field. This sensor provides an input to a signal conditioner circuit, which
provides an output to a counter circuit. ‘

The present invention provides an electronic serial number for each tire
manufactured. Such serial number may be accessed to determine the manufacture
date, materials used, equipment used in manufacture and personnel involved with the

assembly of such tires. It also provides beneficial design and warranty information.
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In the assembly process, an RFID reader is attached to a tire building machine
and electrically integrated to the machine control circuit. A directional antenna on the
RFID reader provides a radial reference point on the tire, which establishes the
location of components being added during the assembly. The directional RFID reader
will be utilized in all the assembly and manufacturing processes to improve the quality
of the tire.

Under the present invention, there is also provided a magnetic sensor to record
the rotational count of a tire. This is accomplished by monitoring the output of the
magnetic sensor through a comparator circuit and conditioning the signal. The circuit
provides an output on a positive or negative leading or trailing edge of the signal,
which indicates a rotation of the tire or sensor within the earth magnetic field. The
system then records the counts (i.e. the number of rotations) which can then be
accessed by reading the RFID data. One benefit of the RFID device is that it will
provide an accurate mileage indication, which could be used for improving a tire
design or warranty issues.

A benefit of the long-range transmission of the serial number of the tires is that
it permits sorting and sequencing of the tires in subsequent processes of warehousing,
sorting and shipping. The long-range transmission capability of the RFID device of the
present invention provides for reading of skid-load quantities of tires in the
warehousing and shipping operations.

Power to the RFID device may be obtained by a battery or an electromagnetic
device for converting vibration or road noise encountered by the rotating tire/wheel into
electrical energy. Prior art device which disclose apparatus for converting vibrating

mechanical energy to electrical energy Include international application
PCT/US2004/003508 (International Publication Number WO 2005/022726 A1)

including numerous devices disclosed therein and U.S. Patent Nos. 5,741,966,
6,725,713 and 6,825,758.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is provided a radio

frequency identification device (RFID) for a tire comprising (a) a sensor for sensing the
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earth's magnetic field, the sensor using the earth’s magnetic field to obtain a count of
tire rotation; (b) a control logic microcontroller; (¢) a comparator circuit connecting the
sensor to the control logic; (d) a radio frequency transmitter; and (e) power means,
wherein the sensor (a) is connected to both the comparator circuit and a potentiometer
and (b) acting therewith transmits comparison data to the control logic microcontroller.

According to another aspect of the present invention, there is provided a
method for positioning a radio frequency identification device (RFID) in each of a
plurality of tires during manufacture of the tires at a work station comprising the steps
of (a) affixing the RFID device to a partially completed tire; (b) providing a reader at a
work station for scanning the RFID device on the partially completed tire; (¢) causing
the reader to denote on the partially completed tire at the work station the precise
location at which RFID devices should be positioned on subsequently partially
completed tires; and (d) affixing the RFID device on each successive tire at the precise

location.

IN THE DRAWINGS

Fig. 1 is a cross-sectional view of a tire and the RFID device of the present
iInvention attached to or encased in the sidewall thereof.

Fig. 2 is a block diagram of the various components of the RFID device of the
present invention.

Fig. 3 I1s a wiring diagram of the RFID device of the present invention.

Fig. 4 Is a schematic diagram showing placement of the RFID device on the
carcass of the tire during the manufacturing process.

Fig. 5 Is a schematic diagram showing another step in the manufacture of a tire

according to the present invention.
Fig. 6 Is a schematic view showing a completed tire with the RFID device

implanted therein being scanned by an RFID reader as it moves on a conveyor.

DETAILED DESCRIPTON OF THE INVENTION

Referring to Fig. 1, there is shown a tire T having a crown 10 with external

threads 12 and grooves 14. In cross-section, the tire T has the crown 10 extending
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radially outwardly along an arcuate path to pair of oppositely disposed sidewalls 16
which define the maximum radial extent of the tire T. The sidewalls 16 curve inwardly
from such maximum radially extent to a narrower area terminating at a pair of
oppositely disposed beads 18.

As shown In Fig. 1 , there is provided an RFID device 20 of the present
iInvention which is permanently imbedded in one of the sidewalls 16 in an area closer
to the bead 18 than to the area of maximum radial extent of the sidewall 16. Although
the selection of the precise location in the sidewall 16 for the RFID device 20 can be
at any of a wide range of locations in the sidewall 16, it is important that once such
location Is established for a specific design and size of tire, that it remain the same for
all subsequent production of the specific tire size and design. Thus, for a specific
design and size tire, all RFID devices will be located at precisely the same location
with respect to the RFID device itself it is also within the contemplation of the present
iInvention that the RFID device 20 could be permanently secured to the interior surface
of the sidewall 16, rather than embedded therein or on the rim or wheel to which the
tire Is affixed. With respect to the method of manufacture, it is within the contemplation
of the invention that placement in the tires at precisely the same location for all tires
of a specific design and size can apply to other types of information indicia devices,
such as a magnetic or optical as well as RFID devices.

Referring to Fig. 2, there is shown schematically the construction of the RFID
device 20 of the present invention. The device 20 includes a sensor 22 for sensing the
earth's magnetic field, a microchip/memory processor 24, an energy source 26 and a
long range transmitter 28. These elements are compactly assembled to form the RFID
device 20 of the present invention. For example, with such components encapsulated,
the RFID device has a diameter of approximately 0.75 inch.

The sensor 22 for sensing the earth's magnetic field and using such magnetic
field sensing capability for determining the number of revolutions of a tire may be one
manufactured by NVE Corporation, Eden Prairie, Minnesota as a modification of its
series AA or AH analog sensors. The microchip/memory processor 24 may be a
microcontroller such as that manufactured by Microchip Technology Inc., Chandler
Arizona as its CMOS microcontroller model TIC12F629/675 which utilizes an 8-bit, 8-
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pin device as set forth in United States Patent No. 5,847,450.

Examples of sensors which utilize the earth's magnetic field in their functioning
may be found in United States patents 5,170,566 and 5,408,179.

The energy source 26 may be one of a number of electromagnetic devices for
converting mechanical vibration to electrical energy including but not limited to those
identified in the FIELD OF THE INVENTION.

Referring to Fig. 3, there is shown a schematic of wiring diagram of the RFID
device 20 of the present invention. As shown in Fig. 3 the magnetic sensor 22 (labeled
"Bridge” in Fig. 3) senses the earth's magnetic field. The sensor 22 is connected to
both (1) a comparator circuit 36 and operational amplifier and (ii) a potentionmeter 32
and acting therewith transmits comparison data to the microchip/memory processor
24. In contrast to many microchips which operate in the range of 8 milliamps, the
microchip/memory processor 24 operates in the range of 1 micro-amp (i.e. 1 millionth
of an amp). Power is provided by the energy source 26. The information received
regarding the number of revolutions of the tire is then transmitted by the long range RF
transmitter 28 to a remote receiving station.

Major features of the present invention include precise placement of the RFID
device In the tire during manufacture, the utilization of a magnetic sensor for sensing
the earth's magnetic field and, with other components mounted in a chip placed in a
tire, the capability of counting the number of revolutions of the tire and transmitting that
and other information to a remote location. Other features include:

1. An apparatus for the transmission of a radial location on a tire. External
sensing of radial location on a tire is useful in the assembly and/or testing of a tire A
device that could be used for such external sensing Is an RFID transmitter, magnetic
device, optical devices or other means of locating a radial position on a tire to improve
quality or performance on the tire.

2. Long range transmission to assist in inventory and/or shipping.

3. An RFID transmitter providing a permanent serial number. The mileage of the
tire may be obtained utilizing the earth’'s magnetic field and magnetic sensors to

provide revolution count of the tire.
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4. Utilization of a feature which develops electrical energy from mechanical
energy (vibration of the tires) as a component of the RFID device.

The specific location of the RFID device or other information indicia for a given
tire size and design may vary; however, once that location is determined for that
specific tire size a design, it is important that, during the manufacturing operation, it be
positioned in precisely that location in each tire manufactured of that size and design.
This may be accomplished as shown in Figs. 4 and 5.

Referring to Fig. 4, there is shown apparatus utilized for the first stage of the
building process of a tire. The carcass C of the tire is produced at the first stage and
the equipment utilized therein includes a rotating drum 50 positioned between a head
stack 52 and a tail stack 54. The drum 50 is rotated through the action of the head
stack 52 and tail stack 54 and receives strips 56 of material for building a carcass C
by winding as the drum 50 is rotated. At a predetermined point during the winding of
the strips 56 for forming the carcass C, the drum 50 stops rotating and an RFID tag
T 1s applied by an RFID stake-on applicator 60. The stake-on applicator 60 moves
downwardly to affix the RFID tag T to the partially formed or, if desired, the completely
formed carcass C. If the carcass C is only partially formed when the RFID tag T is
applied, the drum will commence rotating to wind the strips 56 to completion of the
carcass C.

Referring to Fig. 5 with the carcass C on the drum 50, a second stage process
forms a tread band B on building drum 62 using procedures well known in the art. The
band layer B has a larger internal diameter than the external diameter of the carcass
C. It is transferred by a transfer mechanism 64 and telescoped over the carcass C.
With the band layer B encircling the carcass C, the drum 50 carrying such carcass C
Is rotated until the RFID reader module 66 locates the RFID tag T. The location of the
tag T by the RFID reader module 66 outputs to a computer which causes the drum 50
to stop rotating with the tag T located in the precise position desired. With the drum
50 stopped In a position with the RFID tag T of the carcass C underlying the RFID
reader module 66, the band layer B is caused to be telescoped over the carcass C and
to be rotated to a specified position with respect to the RFID tag T. Thereafter the

drum 50 is caused to expand to expand the carcass C into sealing engagement with
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the band B thereby forming the second stage of the tire with the RFID tag T precisely
at the position desired and in the same position on each addition tire of that size and
specification manufactured thereafter.

Thereafter, the assembled carcass C and band layer are vulcanized by
procedures well known in the art.

Referring to Fig. 6, there is shown a complete tire 80 moving on a conveyor 70.
An excitation coll 72 is mounted above the conveyor 70 in a position above the tires
and In a location for receiving datea from the RFID tags T mounted therein. The
excitation coil 72 is connected to an RFID reader 74 which outputs the data to a
computer. Among other data received by the computer are the serial numbers of the
tires. As a result, it is possible to track each tire as it moves through the factory and
to identify any which have been determined in the various testing procedures to have
defects. Any such defective tires can then be readily located for remedial action or
disposal.

Many modifications will be readily apparent to those skilled in the art.
Accordingly, the scope of this application should be limited only by the scope of the

claims.
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The embodiments of the invention in which an exclusive property or privilege

is claimed are defined as follows:

1. A radio frequency identification device (RFID) for a tire comprising:

(a) a sensor for sensing the earth's magnetic field, said sensor using the earth’s
magnetic field to obtain a count of tire rotation;

(b) a control logic microcontroller;

(c) a comparator circuit connecting said sensor to said control logic;

(d) a radio frequency transmitter; and

(e) power means, wherein

said sensor (a) is connected to both the comparator circuit and a potentiometer

and (b) acting therewith transmits comparison data to said control logic microcontroller.

2. The RFID device according to claim 1 wherein said control logic

microcontroller transmits in the range of two to four milli amps.

3. The RFID device according to claim 1 wherein said power means is a battery.

4. The RFID device according to claim 3 wherein the battery is a high-
temperature battery encased within the plies of said tire and having ability to withstand

high temperature of vulcanization.

5. The RFID device according to claim 1 wherein said power means is an

electromagnetic device for converting the earth's magnetic field in to electrical energy.

6. The RFID device according to claim 1 wherein said comparator circuit
includes a first connector engaged to said sensor and a second connector engaged
to said microcontroller and said potentiometer acts with said comparator circuit to

transmit comparison data to said microcontroller.
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7. The RFID according to claim 6 wherein said microcontroller operates in the

range of one micro amp.

8. The RFID according to claim 6 wherein said power means is a high
temperature battery.

9. The RFID according to claim 6 wherein said power means Is a

electromagnetic device for converting vibration or road noise to electrical energy.

10. A method for positioning a radio frequency identification device (RFID) in
each of a plurality of tires during manufacture of said tires at a work station comprising
the steps of

(a) affixing said RFID device to a partially completed tire;

(b) providing a reader at a work station for scanning said RFID device on said
partially completed tire;

(c) causing said reader to denote on said partially completed tire at said work
station the precise location at which RFID devices should be positioned on
subsequently partially completed tires; and

(d) affixing said RFID device on each successive tire at said precise location.

11. The method of claim 10 wherein said RFID device is affixed to a carcass
of said tire and further including the steps of (a) scanning the affixed RFID device
periodically or continuously throughout the manufacturing process, positioning a band

layer over said carcass and (b) expanding carcass into contact with the interior surface
of said band layer.

12. The method of claim 11 further including the step of imparting rotational
movement of said band layer relative to said carcass prior to said step of expanding

said carcass.
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13. The method of claim 10 further including the steps:

(a) forming at least part of a carcass of said tire on a first rotatable drum, said
carcass having an outer circumference defining a circle having a diameter;

(b) providing an affixing mechanism for affixing said device to said carcass, said
mechanism overlying said first rotatable drum;

(c) stopping rotation of said first rotatable drum when the desired location for
placement of said device iIs positioned to receive said device from said affixing
mechanism;

(d) actuating said affixing mechanism to affix said device to said carcass or
partially formed carcass at said desired location;

(e) winding strips of material on a second drum to form a band layer of said tire,
said band layer defining a torus having an inner size permitting said carcass to be
positioned therein;

(f) providing relative movement between said carcass and said band layer to
position said carcass in said band layer; and

(g) expanding satd carcass into engagement with said band layer.
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