wo 2007/015875 A2 |10 0 00O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O O

International Bureau

(43) International Publication Date
8 February 2007 (08.02.2007)

(10) International Publication Number

WO 2007/015875 A2

(51) International Patent Classification:
B29D 30/42 (2006.01) B29D 30/38 (2006.01)

(21) International Application Number:
PCT/US2006/027890

(22) International Filing Date: 19 July 2006 (19.07.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/191,429 27 July 2005 (27.07.2005) US

(71) Applicant (for all designated States except US): THE
STEELASTIC COMPANY, LLC [US/US]; 1557 Indus-
trial Parkway, Akron, OH 44310 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BULL, Jeffrey
[US/US]; 243 Nutwood Drive, Tallmadge, OH 44278
(US). SMITH, Evan [US/US]; 1255 Benson Street SW,
Massillon, OH 44647 (US).

(74) Agents: BOBAK, Donald et al.; Renner, Kenner, Greive,
Bobak, Taylor & Weber, First National Tower, 4th Floor,
Akron, OH 44308 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: TIRE BELT MACHINE

44

34 25

(57) Abstract: A method of controlling a tire belt machine having a cutting station that receives a strip of material and cuts it into
plural lengths that are spliced together on a belt conveyor, the method including establishing a belt conveyor index distance; receiving
signals representing a width of the strip entering a cutting station; and automatically adjusting the belt conveyor index distance based
on the strip’s width such that uniform splice characteristics are attained.



WO 2007/015875 PCT/US2006/027890

TIRE BELT MACHINE

RELATED PATENT APPLICATIONS

None,

TECHNICAL FIELD
In general, the present invention relates to a tire belt machine. More particularly,
the present invention relates to a tire belt machine having improved control that

simultaneously monitors and adapts all aspects of the belt making process.

BACKGROUND OF THE INVENTION

Tire belt formation is a well known practice that involves pulling multiple cords
through an extrusion die. The extruder heats elastomeric material and coats the cords
traveling through the die. Cooling drums adjacent to the extruder act both to pull the cords
through the die and cool the fiber reinforced material before the cutting and splicing phase
of production. After traveling through the cooling drums, the fiber reinforced material is
allowed to, hang with some slack in order to remove some residual forces. The fiber
reinforced material is then drawn onto a cutting station. The cutting station includes a strip
vacuum transfer, a cutter and a belt conveyor. The strip vacuum transfer advances the fiber
reinforced strip and positions it on the belt conveyor so that the cutter may cut the fiber
reinforced material. The belt conveyor then indexes a predetermined distance. The strip
vacuum transfer again advances the strip onto the conveyor so that the cutter again cuts it.
This process results in a continuous belt of fiber reinforced material with the reinforcing
cords lying at some angle typically not parallel to the central axis of the belt.

The cut sections of this material overlap one another on the belt conveyor by a
predetermined distance. This overlap is generally known in the art as a splice. A uniform
splice is needed to maintain proper material strength and quality. The belt conveyor is
typically aligned at an angle relative to the fiber reinforced material entering the cutting
station, such that after the splicing process, a continuous strip of material lays on the
conveyor, comprised of fibers oriented at a predetermined angle.

Because the process involves uncured elastomeric material, handling of the
material is difficult. This difficulty stems largely from the variability in width of the fiber

reinforced strip. This variability manifests itself largely at the splicing portion of the
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process. Difficulties in aligning adjacent sheets on the belt conveyor often result in poor
splices making the belt unsuitable for its intended use. These inaccuracies are often the
result of inconsistent dimensioning of the material as it comes out of the extruder.
Presently, to achieve good dimensional accuracy and splices, the belt making system relies
heavily on the human operator that monitors the dimensional accuracy of the fiber
reinforced material as it comes from the extruder and makes adjustments at various stages
of the process, to ensure good splices. For instance, operation of the cutting station
requires that an operator cut an initial strip of fiber reinforced material and place it on the
belt conveyor, manually index the belt conveyor, cut another strip, and establish a good
splice. This index distance is then stored in the cutting station hardware such that once

- placed in an automatic operation mode, the conveyor will advance that pre-set distance
automatically after each cut and splice. Any change in the fiber reinforced material width
must be continually monitored by the operator. If material width changes and adjustments
are not made to the index distance, a poor splice will result. This problem was overcome
in the past through extensive operator supervision. If the operator detected a change in the
fiber reinforced strip width, he would place the machine in a manual mode, reestablish a
good splice and then place the cutting station back in automatic mode. This required
experienced operators to ensure a quality product. Also, the manual adjustments resultina
loss in efficiency.

As will be appreciated, given the number of stages involved in the process and the
intense focus needed to monitor all of the controls, operators must acquire a great deal of
experience before becoming sufficiently proficient in operating the machine, to produce
consistent quality results. As a result, during the learning process, the system may not
operate at its most efficient rate.

Consequently, to improve efficiency, in terms of consistent quality product, a tire

belt making system that relieves some of the burden on the human operator is desirable.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide an improved tire belt making
system.
In view of this object, the present invention generally provides a method of
controlling a tire belt machine having a cutting station that receives a strip of material cuts

it into plural lengths that are spliced together on a belt conveyor, the method including
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establishing a belt conveyor index distance; receiving signals representing a width of the
strip entering a cutting station; and automatically adjusting the belt conveyor index
distance based on the strip’s width such that uniform splice characteristics are attained.

The present invention further provides a computer-readable media tangibly
embodying a program of instructions executable by a computer to perform a method of |
controlling a tire belt machine, the method including establishing a belt conveyor index

‘distance; receiving signals representing strip width entering a cutting station; and
automatically adjusting the belt conveyor index distance based on the belt material width
such that uniform splice characteristics are attained.

The present invention further provides a computer-readable media tangibly
embodying a program of instructions executable by a computer to perform a method of
controlling a tire belt machine, the method including monitoring the length of a strip
extending between a cutting station and a cooling drum; automatically slowing the cooling
drum if the strip is too long; and automatically speeding up the cooling drum if the strip is
too short relative to a pre-selected strip length.

The present invention further provides a computer-readable media tangibly
embodying a program of instructions executable by a computer to perform a method of
controlling a tire belt machine, the method including receiving signals representing the
speed of cords traveling through an extruder; and sending signals to the extruder adjusting
an extruder pressure set-point as a function of the cord speed, wherein the extruder
pressure set-point increases as the cord speed increases and the extruder pressure set-point
decreases as the cord speed decreases.

The present invention further provides a computer-readable media tangibly
embodying a program of instructions executable by a computer to perform a method of
controlling a tire belt machine, the method including sending an activation command from
a central control unit to an extruder pressure controller; receiving the activation command
by the extruder pressure controller, wherein the activation command directs the extruder
pressure controller to start the extruder at a selected extruder screw speed; and monitoring
the extruder pressure and when extruder pressure is within a selected pressure range for the
selected extruder screw speed setting, the central control unit directs the extruder pressure
controller to enter an automatic operation mode, wherein the extruder pressure controller

maintains pressure control over the extruder.
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The present invention further provides a tire belt machine including an extruder
adapted to form a strip having a width; a cooling drum located downstream of the extruder
adapted to carry the strip while it cools; a cutting station including a belt conveyor, cutter
and strip vacuum transport is located downstream of the cooling drums, wherein the strip is
drawn into the cutting station by the strip conveyor; the cutting station being adapted to cut
the strip into plies that are laid on the belt conveyor, where the belt conveyor is adapted to
advance an index distance after operation of the cutter such that successive plies are lain
substantially adjacent to each other on the belt conveyor forming a splice between the
successive plies; a central control unit in communication with the extruder, the cutting
station, and the conveyor assembly; a strip width sensor located upstream of the cutting
station, the strip width sensor being adapted to monitor the width of the strip and
communicate with the central control unit, wherein the central control unit adjusts
operation of at least one of the extruder or the cutting station and conveyor to maintain a
selected strip width; a strip tracking system adapted to monitor the amount of the strip
available for the cutting station and communicate with the central control unit, wherein the
central control unit adjusts operation of at least one of the extruder or cooling drum to
enable cutting station to operate at maximum speed; a strip temperature sensor to monitor
the temperature of the strip downstream of the extruder and communicate with the central
control unit, wherein the central control unit adjusts operation of at least one of the
extruder or the cooling drum to maintain the strip temperature below a predetermined

value.

BRIEF DESCRIPTION OF THE DRAWINGS
For a complete understanding of the objects, techniques and structure of the
invention, reference should be made to the following detailed description and

accompanying drawings wherein:

Figure 1 is a partially schematic, operational view of a tire belt making system

according to the concepts of the present invention;
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Figure 2 is a partially schematic, operational top plan view of a tire belt making
system according to the concepts of the present invention;

Figure 3 is an operational flow chart depicting operation of a central control unit of
the present invention when strip width monitoring system is enabled.

Figure 4 is an operational flow chart depicting operation of the central control unit
of the presént invention when the strip tracking system is enabled.

Figure 5 is an operational flow chart depicting an automatic start-up procedure.

DETAILED DESCRIPTION OF THE INVENTION

A tire belt making system according to the concepts of the present invention is
generally indicated by the numeral 10 in the drawings. The belt making system employs a
central control unit 14 that electronically controls various systems. These systems could
include a strip width measurement and adjustment system, a strip tracking system,
electronic extruder control, and a strip temperature sensing system. Each of these elements
is in communication with centra] control unit 14. Central control unit 14 gathers
information from the various systems and modifies system parameters when necessary to
help minimize operator supervision and adjustment while ensuring maximum production
speed.

According to one aspect of the present invention, system 10 includes a strip width
monitoring system, generally indicated by the numeral 12. This system monitors the width
W of the fiber reinforced strip and makes appropriate parameter adjustments to ensure a
quality final product. A strip width measurement device, generally indicated by the
numeral 18, measures strip width W after it exits the cooling drums 24 and communicates
that data, either through wireless signals or fixed cables, to the central control unit 14. The
central control unit 14 evaluates the data and determines if the strip width W is within a
predetermined range. This range may be operator adjustable. If the strip width W falls
outside that range, the central control unit 14 communicates with the cutting station 22,
modifying the index distance I that the belt conveyor 16a advances after each splice. The
conveyor may have a local controller which the central control unit 14 communicates with
or the central control unit 14 may communicate directly with the belt conveyor motor 17.
In this way system 10 maintains desired splice characteristics regardless of changes in fiber

reinforced strip width W.
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The width measurement device 18 of the present invention may employ one or
more sensors mounted in any fashion that places the sensor in sensing relation to the fiber
reinforced strip 20. The sensor may be located in a position that allows the sensor o
measure the strip 20 as it exits the cooling drums 24. Referring now to Fig. 1, an example
ofa width measurement device 18 is a width monitoring camera which measures the fiber
reinforced strip 20 before it enters the cutting station 22. Measurement of the fiber
reinforced strip width W is feasible at any point before the strip 20 enters cutting station
22. As will be appreciated, more reliable measurement may be taken after the strip 20 has
cooled. Forexample, the strip 20 is typically cool, and consequently stable, after traveling
through the cooling drums 24. In the depicted example, once the strip leaves the last
cooling drum it is drawn through a pair of tension rollers 26. The tension rollers 26, are
vertically offset a predetermined distance to allow a width monitoring camera 18 to view
the strip 20 as it travels therebetween. The tension rollers may be horizontally offset such
that a vertical tangent drawn from the left side of the top roller is co-planar with a vertical
tangent drawn from the right side of the bottom tension roller. In other words, in one
embodiment, the fiber reinforced strip 20, as it is drawn from the top to the bottom tension
roller is substantially perpendicular to the ground. In this manner, the tension rollers 26
maintain a constant force on the fiber reinforced strip 20 so that accurate and repeatable
measurements are possible. The width measurement device 18 is positioned such that it
continuously measures a portion of the strip width W as the strip 20 travels between the
tension rollers 26. The width measurement device 18 is attached to a mounting bracket 28
vertically positioned between the two tension rollers 26. The width measurement device
18 may be aligned normal to the face of the fiber reinforced strip 20 and at a distance
suitable for viewing the strip width W. A light source or reflection 30 may be positioned
on the opposing side of the strip 20 such that a well defined profile is provided. The strip
width measurement system 12 might be incorporated into the cutting station 22 or in a
stand alone unit.

The width measuring device 18 relays the width data to the central control unit 14.
The central control unit 14 may be any electronic device such as a computer or a
programmable logic controller, which is capable of receiving and executing computer-
readable media tangibly embodying a program of instructions. The central control unit 14
monitors data transmitted from the width measuring device 18 for changes. If the central

control unit 14 recognizes strip width changes, it determines a new conveyor index
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distance I needed to maintain good splices. The central control unit 14 then relays a
command to the cutting station 22, commanding the conveyor 16a to index this new
distance for subsequent splices. The central control unit may directly control each element
of the cutting station 22 or it may communicate with a local cutting station controller 17
which directly controls the belt conveyor 16a, a strip vacuum transport 16b and a cutter 21,
In either case, by controlling the index distance, a uniform splice size is ensured, even as
the fiber reinforced strip width varies. As an example, if the fiber reinforced strip width
grows ten thousandths (.010") the central control unit 14 correspondingly increases the

E conveyor index distance by ten thousandths (.010"), to maintain a good splice. This
continuous adjustment by the central control unit 14 eliminates the need for extensive
operator supervision and increases operating efficiency.

Referring now to Fig. 3, a flow chart, designated generally by the numeral 100, is
representative of one embodiment of computer readable media tangibly embodying a
program of instructions that could be contained in the central control unit 14 for
controlling the strip width W. The method steps of the software may be programmed to
any computer or machine-readable media, and performed by a suitable computer such as
the control unit 14.

The process begins when the central control unit 14 is initialized 102. The central
control unit 14 may then inquire whether splice width control has been enabled 104. If
width control is not enabled, the central control unit 14 takes no further action with regard
to width adjustment and monitoring. However, if splice monitoring is enabled, the central
control unit 14 then begins to monitor strip width. The central control unit 14 first reviews
data from the strip width measuring device 18 and determines whether the strip width W is
greater than the previous cycle 106. If the strip width W is larger than the previous cycle,
the conveyor index I is increased by a calculated amount that maintains the same splice
overlap amount 108. Ifthe strip width W is not greater than the previdus cycle, the central
control unit 14 then determines whether the strip width W is less than the previous cycle
110. If the strip width W is less than the previous cycle, the conveyor index I distance is
decreased by a calculated amount that maintains the same splice overlap amount 112. If
the central control unit 14 determines the strip width W is not less than the previous cycle,
no correction is made in the index distance I and the cycle is repeated. Depending upon
system precision, the software in the central contrb] unit 14 may include a range within

which the strip width W may vary without making adjustments to the index distance I.
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The present invention may further improve operational efficiency through the use
of a strip tracking system 25. Tire belt machines allow fiber reinforced material 20, after
exiting the cooling phase of production, to hang slack before entering the cutting station
22. This allows relief of stresses within the material before it is cut. While some slack is
desirable, excessive slack might indicate that the system 10 is not operating at the optimal
rate. The strip tracking system 25 may track the amount of slack material waiting to enter
the cutting station 22 to avoid excess slack. To that end, the strip tracking system 25 may
communicate information relating to the amount of slack present to the central control unit
14. Based on this information, the central control unit 14 monitors excess strip length and,
if needed, communicates with the cooling drums 24, to adjust the cooling drum speed. The
cooling drums 24 may have a local cooling drum controller 32 with which the central
control unit 14 communicates, or the central control unit 14 may communicate directly
with the cooling drum motor or motors. If too much material is waiting for the cutting
station 22, to avoid material piling up on the floor, the system slows the production of the
fiber reinforced strip 20, for example by slowing the cooling drums 24. If too little
material is available, the cooling drum speed may be increased to match the cooling drum
speed with cutting station speed. Conversely, insufficient slack might indicate that the
cooling drum speed is lagging behind the cutting station 22, requiring adjustment.

To that end, the strip tracking system 25 may include multiple sensors or limit
switches that indicate an excess or inadequate material condition to the central control unit
14. The sensors may be upstream of the cutting station 22 and mounted in any fashion that
provides suitable sensing of the fiber reinforced strip 20. For example, as depicted in Fig.
1, two sensors are located underneath the cutting station 22 and pointed towards the
cooling drums 24. The sensors are offset vertically by a predetermined distance. The
bottom optical sensor 34 is mounted at a predetermined height from the floor. Iftriggered,
it alerts the central control unit 14 that an excess amount of material is accumulating in the
area between the cutting station 22 and the cooling drums 24. Triggering of the bottom
optical sensor 34 may occur when fiber reinforced material 20 ejected from the cooling
drums 24 breaks the optical link between the bottom optical sensor 34 and a corresponding
bottom light source 36. Bottom light source 36 is located in the line of sight of optical
sensor 34. The bottom light source 36 is positioned such that if the slack portion of the
fiber reinforced strip 20 hangs at or below the vertical position of the bottom light source

36 and bottom optical sensor 34, the visual link between the two is broken. For example,
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the bottom optical light source 36 might be mounted to the frame of the cooling drum
station. When the central control unit 14 receives the signal that the visual link is broken,
it could command the cooling drums 24 to slow, preventing excess material from
accumulating upstream of the cutting station 22, thus reducing the risk of material pile-up
on the floor. An upper optical sensor 38 may be positioned above the bottom optical
sensor 34 by a predetermined distance and has a corresponding upper light source 39. The
upper optical sensor 38 and light source 39 are positioned at the same height and could be
mounted to the cutting station and cooling drum frames respectively. Ifthe reinforced strip
20 is not in the sensor’s line of sight, this indicates to the central control unit 14 that the
cooling drums 24 are not operating fast enough to keep the cutting station 22 supplied with
material. The central control unit 14 could then command the cooling drums 24 to speed
up, thereby increasing the speed of production. It should be appreciated that the sensors
described above are provided as an example. Other systems available in the art may also
be used to monitor the amount of material ready for eutting. One alternative might include
a system that tracks cooling drum speed relative to conveyor speed. This system could be
incorporated within the central control unit 14.

Referring now to Fig. 4, a flow chart, designated generally by the numeral 200, is
representative of one embodiment of computer readable media tangibly embodying a
program of instructions that could be contained in the central control unit 14 for
controlling speed optimization. This process begins when the central control unit 14 is
initialized 202. The central control unit 14 then inquires whether line speed optimization
is enabled 204. If line speed optimization is not enabled, the central control unit 14 takes
no further action. Ifline speed optimization is enabled, the central control unit 14 receives
data from the strip tracking system 25 and determines whether the cutting station 22 is
waiting for material 206. If the cutting station 22 is waiting on material the central control
unit 14 increases cooling drum speed by a proportional amount so long as it does not
exceed limitations imposed by temperature controls 208. If the central control unit 14
determines that the cutting station is not waiting for material, the central control unit 14
then determines whether the loop is full before the cutting station 22 is ready 210. If the
central control unit 14 determines that material is available faster than the cutting station
22 can handle, the cooling drum speed is decreased by a proportional amount 212. 1f the
central control unit 14 determines that excess material is not waiting at the cutting station

22, no line speed adjustment occurs and the cycle repeats.
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According to another aspect of this invention the extruder 40 may be remotely
controlled by central control unit 14. The extruder 40 may include a local extruder
controller 42 as shown in Fig. 1, with which the central control unit 14 communicates, or
the central control unit 14 may communicate directly with the extruder motors and sensors.
The central control unit 14 sends commands to the extruder controller 42, and the extruder
controller 42 communicates extruder die pressure data to the central contro! unit 14.
Central control unit 14 commands to the extruder controller 42 could include manual and
automatic screw speed settings as well as pressure set-points. This integration may be
used to facilitate an automatic startup procedure.

The automatic start-up procedure could begin by depressing a start-button on the
central control unit 14. The central control unit 14 then commands the local extruder
controller 42 to initiate the extruder 40. The central control unit 14 then communicates an
extruder screw RPM set-point to the extruder controller 42. The central control unit 14
then monitors die pressure and when the die pressure reaches a predetermined range, for
example, within 200 to 500 PSI of a first desired pressure, the central control unit 14
communicates with the cooling drum controller 32, starting the cooling drums 24 at a
predetermined start-up speed. The start of the cooling drums draws cords 44 through the
extruder die 40. The central control unit 14 continues to monitor actual die pressure and
varies the screw velocity as required, to bring the die pressure to within, for example, 200
psi of a second desired pressure. Once this pressure is reached, the central control unit 14
communicates with the local extruder controller 42, placing it in an automatic operation
mode. The local extruder controller 42 then takes over normal pressure control of the die,
using either a local input pressure value or a set-point communicated by the central control
unit 14. By automating the startup process, the system reduces out of spec material
normally produced during manual start up, reduces damage to die heads, and reduces
operator involvement in start-up activities thus allowing him or her to concentrate on other
tasks.

Referring now to Fig. 5, a flow chart, designated generally by the numeral 300, is
representative of one embodiment of computer readable media tangibly embodying a
program of instructions that could be contained in the central control unit 14 for
controlling of a single button startup sequence. The process begins when the central
control unit 14 is initialized 202. The central control unit 14 then sends a command to the

local extruder controller 42 to initialize the extruder 40, commanding it to run at a
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predetermined speed 304. At this point, rubber is fed into the extruder barrel. The central
control unit 14 then monitors the die pressure 306 and when it achieves a value greater
than a first preset value, the central control unit 14 starts the cooling drums at a preset
velocity 308. The central control unit 14 continues to monitor the die pressure. If, at each
cycle, the die pressure is below a second preset value the central control unit 14 commands
the Jocal extruder control 42 to increase extruder 40 velocity. When the die pressure is
greater than the second predetermined value the central control unit 14 places the die
pressure control into an automatic mode and sets the cooling drum speed to a preset value,
ending the startup sequence.

The integration of the extruder controller 42 with the central control unit 14 allows
the central control unit 14 to vary extruder die pressure in proportion to cooling drum
speed. For example, if cooling drum speed increases because the cutting station is waiting
on material, to reduce the likelihood of strip width variation, the central control unit 14 can
communicate with the extruder controller 42, increasing extruder die pressure as
appropriate. If line speed decreases, the central control unit 14 could communicate with
the extruder controller 42 decreasing extruder die pressure.

Still another aspect of this invention is electronic remote control of the extruder
temperature control unit43. This unit monitors and controls extruder temperature settings.

These temperatures require control and monitoring to ensure the elastomeric material
properly mixes and does not reach unacceptable or curing temperature. The temperature
control unit 43 may continuously send data to the central control unit 14 concerning
internal temperatures of internal extruder components such as the barrel and screw. The
central control unit 14 may command the temperature control unit 43 to vary these
temperatures according to the material specifications or to increase efficiency.

A further aspect of this invention is the incorporation of a strip temperature sensing
system. This system employs a temperature sensor 46, and the central control unit 14.
The strip temperature sensor 46 measures fiber reinforced strip temperature as it exits the
die 40. The strip temperature sensor 46 then communicates temperature data to the central
control unit 14. The central control unit 14 monitors this data, and if strip temperature falls
outside a predetermined range, the central control unit 14 may communicate with the
extruder 40, extruder temperature control unit 43, cooling drums 24, or a combination of
these to effect appropriate strip temperature change. As shown for example in Fig. 1, strip

temperature sensor 46 could be an infra-red sensor mounted to the extruder frame just
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outside the die head. This sensor 46 measures fiber reinforced strip temperature and
communicates this data to the central control unit 14. The central contro] unit 14 thus
monitors the temperature of the fiber reinforced strip 20 as it exits extruder 40. It is
desirous to maintain a specific temperature range of fiber reinforced material 20 exiting the
extruder 40. For example, if the central control unit 14 receives temperature readings
outside a predetermined range, it could communicate with the cooling drum controller 32
and reduce cooling drum speed. Slowing production speed leads to lower temperatures in
the extruder 40 and consequently reduces the risk of scrap material.

As is evident from the aforementioned disclosures, the central control unit 14
monitors and controls all processes of the tire belt machine 10. The central control unit 14
receives cooling drum speed data from the cooling drums controller 32, fiber reinforced

\ strip width data from the strip width measurement device 18, conveyor index distances I
from the cutting station 22, excess strip length data from the strip tracking system 25,
extruder data from the local extruder controller 42, extruder temperature data from the
extruder temperature control unit 43, and strip temperature data from the strip temperature
sensor 46. Further, the central control unit 14 can send commands to the cutting station
22, cooling drums controller 32, extruder controller 42 and extruder temperature control
unit 43.

A central control unit 14 may store recipes, based on the settings for each of the tire
belt machine components. Recipes are groups of stored system parameters, for example,
drum speed, temperature and index distance. If, for example, an operator is achieving
exceptional material quality with a particular set of parameters, the operator can save these
parameters in the central control unit 14. These recipes are then available at any point in
the future in order to obtain similar results. In operation, an operator calls up a recipe on
the central control unit 14, initiates that recipe and the central control unit 14 sends
commands to each component of the tire belt machine corresponding to the parameters of
that recipe. This allows consistent operation over long periods of time as well as reduced
start up times. Further, it should be recognized that all of the above described components
need not be included to obtain increased efficiency and ease of use. For example, the
system might include one or several of the above mentioned systems, depending upon the
particular customer’s application.

In light of the foregoing, it should thus be evident that a tire belt machine according

to the concepts of the present invention substantially improves the art. While, in
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accordance with the patent statutes, only the preferred embodiment of the present invention
has been described in detail hereinabove, the present invention is not to be limited thereto
or thereby. It will be appreciated that various modifications may be made to the above-
described embodiment without departing from the spirit of the invention. Therefore, to

appreciate the scope of the invention, reference should be made to the following claims.
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CLAIMS

What is claimed is:

A computer-readable media tangibly embodying a program of instructions
executable by a computer to perform a method of controlling a tire belt machine,
the method comprising:

establishing a belt conveyor index distance;

receiving signals representing strip width entering a cutting station; and

automatically adjusting said belt conveyor index distance based on the belt

material width such that uniform splice characteristics are attained.

The method of claim 1, further comprising monitoring the length of strip extending
between a cutting station and a cooling drum, automatically slowing said cooling
drum if said strip is too long, and automatically speeding up said cooling drum if

said strip is too short.

The method of claim 1, further comprising receiving signals representing the speed
of cords traveling through an extruder and sending signals to said extruder
adjusting an extruder pressure set-point as a function of the cord speed, wherein
said extruder pressure set-point increases as the cord speed increases and said

extruder pressure set-point decreases as said cord speed decreases.

The method of claim 1, further comprising sending an activation command from a
central control unit to an extruder controller; receiving said activation command by
said extruder controller, wherein said activation command directs said extruder
controller to start said extruder at a selected extruder screw speed, monitoring the
extruder pressure and when extruder pressure is within a selected pressure range
for said selected extruder screw speed setting, said central control unit directs said
extruder pressure controller to enter an automatic operation mode, wherein the

extruder pressure controller maintains pressure control over said extruder.
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A computer-readable media tangibly embodying a program of instructions
executable by a computer to perform a method of controlling a tire belt machine,
the method comprising:

monitoring the length of a strip extending between a cutting station and a
cooling drum;

automatically slowing said cooling drum if said strip is too long; and

automatically speeding up said cooling drum if said strip is too short

relative to a pre-selected strip length,

A computer-readable media tangibly embodying a program of instructions
executable by a computer to perform a method of controlling a tire belt machine,
the method comprising:

receiving signals representing the speed of cords traveling through an
extruder; and

sending signals to said extruder adjusting an extruder pressure set-point as a
function of the cord speed, wherein said extruder pressure set-point increases as the
cord speed increases and said extruder pressure set-point decreases as said cord

speed decreases.

A computer-readable media tangibly embodying a program of instructions
executable by a computer to perform a method of controlling a tire belt machine,
the method comprising:

sending an activation command from a central control unit to an extruder
pressure controller;

receiving said activation command by said extruder pressure controller,
wherein said activation command directs said extruder pressure controller to start
said extruder at a selected extruder screw speed; and

monitoring the extruder pressure and when extruder pressure is within a
selected pressure range for said sélected extruder screw speed setting, said central
control unit directs said extruder pressure controller to enter an automatic
operation mode, wherein the extruder pressure controller maintains pressure

control over said extruder.
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A tire belt machine comprising:

an extruder adapted to form a strip having a width;

a cooling drum located downstream of said extruder adapted to carry said
strip while it cools;

a cutting station including a belt conveyor, cutter and strip vacuum
transport is located downstream of said cooling drums, wherein said strip is drawn
into said cutting station by said strip conveyor;

said cutting station being adapted to cut said strip into plies that are laid on
said belt conveyor, where said belt conveyor is adapted to advance an index
distance after operation of said cutter such that successive plies are lain
substantially adjacent to each other on said belt conveyor forming a splice between
said successive plies;

a central control unit in communication with said extruder, said cutting
station, and said conveyor assembly;

a strip width sensor located upstream of said cutting station, said strip
width sensor being adapted to monitor the width of said strip and communicate
with said central control unit, wherein said central control unit adjusts operation of
at least one of said extruder or said cutting station and conveyor to maintain a
selected strip width;

a strip tracking system adapted to monitor the amount of said strip available
for said cutting station and communicate with said central control unit, wherein
said central control unit adjusts operation of at least one of said extruder or cooling
drum to enable cutting station to operate at maximum speed;

a strip temperature sensor to monitor the temperature of said strip
downstream of said extruder and communicate with said central control unit,
wherein said central control unit adjusts operation of at least one of said extruder or

said cooling drum to maintain said strip temperature below a predetermined value.

The tire belt machine of claim 8, wherein said strip width sensor is located

downstream of said cooling drum.

The tire belt machine of claim 9, wherein said strip width monitoring sensor is a

camera.
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The tire belt machine of claim 10, wherein a light source is mounted opposite said

camera on the opposite side of said strip.

The tire belt machine of claim 8, wherein when the amount of said strip available
for said cutting station exceeds a predetermined amount, said central control unit
communicates with said cooling drums, slowing their operation a proportional

amount.

The tire belt machine of claim 8, wherein when the amount of said strip available
for said cutting station is less than a predetermined amount, said central control
unit communicates with said cooling drums accelerating their operation a

proportional amount.

The tire belt machine of claim 8, wherein said strip tracking system comprises a

plurality of optical sensors.
The tire belt machine of claim 14, wherein said optical sensors are vertically offset.

The tire belt machine of claim 8, wherein when the width of said strip changes,
said central control unit communicates with said cutting station, adjusting said

index distance correspondingly.

The tire belt machine of claim 8, wherein when the temperature of said strip
becomes greater than a predetermined amount, said central control unit

communicates with said cooling drums, to slow the rotation thereof.

The tire belt machine of claim 8, wherein said strip temperature sensor comprises

an infra-red sensor.

A method of controlling a tire belt machine having a cutting station that receives a
strip of material cuts it into plural lengths that are spliced together on a belt

conveyor, the method including establishing a belt conveyor index distance;
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receiving signals representing a width of the strip entering a cutting station; and
automatically adjusting the belt conveyor index distance based on the strip’s width

such that uniform splice characteristics are attained.
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