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SYSTEM AND METHOD FOR CONTROL OF YARN FEED IN A
TUFTING MACHINE

Cross Reference to Related Application

[0001] The present Patent Application is a formalization of previously filed, co-
pending United States Provisional Patent Application No. 60/981,994, filed
October 23, 2007 by the inventor named in the present Application. This Patent
Application claims the benefit of the filing date of this cited Provisional Patent
Application according to the statutes and rules governing provisional patent
applications, particularly 35 U.S.C. § 119(a)(i) and 36 C.F.R. § 1.78(a)(4) and
(a)((5). The specification and drawings of the Provisional Patent Application
referenced above are specifically incorporated herein by reference as if set forth in

their entirety.

Field of the Invention

[0002] This invention generally relates to the tufting of fabrics, and in particular
to a method and system for controlling the feeding of yarns in the tufting machine

to form tufted fabrics or products.

Background of the Invention

[0003] In the tufting of carpets and other, similar products, it is known to form
patterns utilizing different colors and/or different pile tufts, including the formation
of loop pile and cut pile tufts in a backing material. For example, U.S. Patent No.
3,919,953 discloses an apparatus and method for tufting spaced rows of loop pile
tufts and cut pile tufts in a backing material using a multi-needle tufting machine
having spaced, transverse rows of needles that cooperate with loop pile loopers or
cut pile hooks mounted therebelow, along the upstream and downstream sides of
the tufting machine. It additionally has been known to form sculpted or similar
tufted patterns having different pile heights of tufts formed in the backing materials
in order to form different looks or patterns. Still further, tufting techniques have
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been adapted for use in forming artificial synthetic turf fabrics, which can include a
series of different pile height tufts of the synthetic grass yarns in order to provide

for desired fill, ball bounce, roll, etc., for such artificial grass or turf fabrics.

[0004] It further can be seen that a continuing need exists for a system and
method for controlling the yarn feeds in a tufting machine to form patterned
carpets having enhanced pattern effects that addresses the foregoing related and

unrelated problems and features in the art.

Summary of the Invention

[0005] Briefly described, the present invention generally relates to a yarn feed
indexing or profile control system for controlling the feeding of a series of yarns to
one or more of the needles of a tufting machine, with the yarns being maintained
under a substantially constant tension. The feeding of the yarns to each needle
during formation of each stitch being formed can be variably controlled by the yarn
feed control system of the present invention to provide enhanced precision and
pattern yarn feed profile control as needed or desired to form the tufts of yarn in a
backing material being passed through the tufting machine according to desired or
programmed pattern instructions. Each stitch can be divided into yarn feed or
stitch zones that correspond to a portion or segment of a tufting cycle for forming
the stitch, such as being selected as a portion or segment of at least one revolution

of the main shaft for forming the stitch.

[0006] The yarn feed control system of the present invention is generally adapted
to control a yarn feed attachment, such as a roll, scroll, single end, double end, and
yarn feed pattern attachment such as a Card-Monroe Corp. Infinity™ or Infinity
IIE™ system, a Yarntronics™ attachment, or other pattern yarn feed control
systems or mechanisms adapted to variably control the feeding of one or more
yarns to the needles of the tufting machine as needed during the formation of each
or selected stitches of the pattern. It will, however, be understood by those skilled
in the art that various other types of yarn feed systems or attachments also can be

used with the present invention, including yarn feed systems for feeding multiple



WO 2009/055560 PCT/US2008/080946

(i.e., two or more) yarns to the needles of the tufting machine, and including the
use of tube banks. The needles of the tufting machine can be arranged in spaced
series along one or more needle bars and are reciprocated into and out of the

backing material passing thereabout to form loop and/or cut pile tufts therein.

[{0007] The yarn feed control system of the present invention generally will
include a system controller that also can be utilized for monitoring and controlling
other operations or functions of the tufting machine, such as the driving of the
needle bars and the feeding of the backing material through the tufting machine,
and monitoring revolution of the main shaft of the tufting machine. The system
controller generally will be in communication with a series of yarn feed controllers
for one or more yarn feed motors of the yarn feed attachment, for controlling the
operation of the yarn feed motors as needed to provide a desired yarn feed profile
or indexing to create selected yarn feed patterns or pile heights within the tufted
fabric. The yarn feed controllers will receive their instructions from the system
controller, and in turn will communicate with the motors for controlling the feeding
of the yarns to the desired needles or groups of needles of each of the prescribed
stitch or yarn feed zones of each stitch being formed in the tufted fabric to form the

desired patterns and/or pile heights.

[0008] The system controller can be provided as a separate workstation having an
input mechanism such as a keyboard, mouse, monitor, etc., and can be in direct
control of the tufting machine, or can be in communication with a tufting machine
control that monitors and controls the operative elements of the tufting machine.
In addition, the system controller can be connected to a design center so that an
operator can design a desired pattern for the finished tufted fabric or carpet. The
design center generally includes a computer that can calculate the parameters of
such a design, including parameters such as yarn feed rates, pile heights, stitch
length, etc. for each of the programmed pattern stitches and yarn feed zones
thereof. This information can be created as a pattern data file designed or
programmed using pattern design software, and can be input or electronically
communicated to the tufting machine controller and/or system controller via a

network connection, disk, or other file transfer means. Such design center
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functionality also can be provided within the system controller for the yarn feed

control system of the present invention.

[0009] In operation, an operator will select at least one yarn feed zone for one or
more of the pattern steps or stitches to be formed, and will input a desired yarn feed
amount for the selected yarn feed zone of such stitch pattern step. The remaining
yarn feed amounts can then be assigned to one or more remaining yarn feed zones
of the selected stitch or pattern step, either by operator input or automatically by
the system controller. The tufting machine then will be operated to tuft the desired
or programmed pattern steps, including feeding the input yarn feed amounts for the
selected yarn feed zone(s) during formation of each pattern stitch or step, and
thereafter feeding the calculated yarn feed amount(s) for the remaining yarn feed
zone(s) until the pattern run is completed. The process will be repeated for each
stitch or step in the pattern, or alternatively, the system controller can assign the
programmed yarn feed profiles to all or additional selected stitches or steps of the

pattern as needed or desired.

[0010] Various objects, features and advantages of the present invention will
become apparent to those skilled in the art upon a review of the following Detailed

Description, when taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

[0011] Fig. 1A is a side elevational view of one example embodiment tufting
machine incorporating the yarn feed control system according to the principles of

the present invention.

[0012] Fig. 1B is a side elevational view of another example embodiment of a
tufting machine incorporating the yarn feed control system of the present

invention, further illustrating the use of different yarn feed devices.
[0013] Fig. 2 is a side elevational view of the tufting zone of a tufting machine.

[0014] Fig. 3 is a flow chart schematically illustrating the yarn feed control

system and method according to the present invention.
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Detailed Description

[0015] Referring now to the drawings in greater detail in which like numerals
indicate like parts throughout the several views, Figs. 1A-1B illustrate a yarn feed
control system 5 and Fig. 3 generally illustrates a method of operation of a yarn
feed indexing or yarn feed profile control system according to the principles of the
present invention, for the control of the feeding of a series of yarns Y1-Y2 in a
tufting machine 10 for forming patterned tufted articles, such as carpets and the
like. The yarn feed control system 5 (Figs. 1A-1B) controls the feeding of the
yarns Y1-Y?2 to associated needles 11 of the tufting machine 10, with the yarns
generally being maintained under substantially constant tension as they are fed to
their needles so as to help provide enhanced precision and increased pattern yarn
feed profile control as needed or desired to form stitches or tufts of yarns in a
backing material B being fed through a tufting zone 12 or area of the tufting
machine 10, as indicated by arrow 13, according to desired or programmed yarn

feed profile or pattern instructions.

[0016] In operation, the yarn feed control system 5 (Fig. 1A) of the present
invention generally is adapted to control one or more yarn feed attachments 15,
such as a roll, scroll, single end, double end, or other yarn feed pattern attachments.
Such yarn feed pattern attachments can include a Card-Monroe Corp. Infinity™ or
Infinity IIE™ system, a QuickThread™ attachment, a Yarntronics™ attachment,
or various other pattern yarn feed control systems, mechanisms or devices that are
adapted to control the feeding of one or more yarns Y1-Y2 to one or more needles
11 of the tufting machine 10. Fig. 1A generally illustrates the use of an Infinity™
type single/double end yarn feed control system or attachment 15, such as
manufactured by Card-Monroe Corp., mounted on one side of the tufting machine
10. Alternatively, Fig. 1B shows the use of an Infinity™ type single/double end
yarn feed control system or attachment 15 on one side of the tufting machine, with
a scroll or roll type yarn feed control or pattern attachment 16 mounted on an
opposite side of the tufting machine. It further will be understood by those skilled
in the art that various other types of yarn feed systems or attachments also can be

used with the present invention, including yarn feed systems for feeding multiple
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(i.e., two or more) yarns to the needles, and including the use of tube banks. For
example, U.S. Patent Nos. 6,009,818; and 5,983,815; and 7,096,806, assigned to
Card-Monroe Corp., disclose pattern yarn feed mechanisms or attachments for
controlling feeding or distribution of yarns to the needles of a tufting machine.
U.S. Patent No. 5,979,344 further discloses a precision drive system for driving
various operative elements of a tufting machine. All of these systems can be
utilized with the present invention and are incorporated herein by reference as if set

forth fully in their entireties.

[0017] As generally illustrated in Figs. 1A and 1B, the tufting machine 10
typically includes a frame 20 including an upper or head portion 21 housing a
needle bar drive mechanism 22 and defining the tufting zone 12, and to which the
yarn feed attachment 15 (Fig. 1A) or attachments 15/16 (Fig. 1B) generally are
mounted. The needle bar drive mechanism 22 generally includes a series of push
rods 23 connected to a gear box or similar mechanism 24, which in turn is
connected to and driven off of a main drive shaft 26 of the tufting machine. The
push rods 23 generally will carry one or more needle bars 27 along which the
needles 11 are mounted in spaced series. As indicated in Figs. 1A and 2, a single
needle bar 27 can be used, with the needles 11 being arranged in a single row along
the needle bar, or can be arranged in staggered series, spaced transversely from
each other in two staggered rows. Alternatively, as indicated in Fig. 1B, a pair of
needle bars 27 can be used, with spaced rows of needles mounted therealong.
Additionally, the tufting machine 10 further can include a shifting mechanism for
shifting the needle bar(s) 27 transversely across the tufting zone 12 as needed to

form shifting or graphics type tufted patterns.

[0018] The yarn feed control system of the present invention further generally
will include a system controller 30 that also can be utilized for monitoring and
controlling other operations or functions of the tufting machine, such as monitoring
the revolution and/or position of the main shaft, and driving the main shaft and thus
the needle bar(s) of the tufting machine, as well as control of backing feed rolls
31/32, which feed the backing material B through the tufting zone 12, as indicated

by arrow 33. The system controller 30 also generally will be in communication
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with a series of yarn feed controllers 34, which control one or more yarn feed
motors 36 (Fig. 1A) of the yarn feed attachment 15 (or attachments 15 and 16 as
indicated in Fig. 1B), for controlling operation of the yarn feed motors 36 as
needed to provide a desired yarn feed profile or indexing of the selected yarn feed
zones of each selected pattern step or stitch in order to create the programmed yarn
feed patterns or pile heights across varying pattern fields or stitches of the tufted

fabric article.

[0019] The yarn feed controllers 34 will receive their instructions from the system
controller 30, and in turn communicate with the yarn feed motors 36 for controlling
the feeding of the yarns Y1/Y2 to desired needles or groups of needles 11 forming
each of the prescribed stitch zones of each pattern stitch of the tufted fabric article,
in order to form the desired programmed pattern effects, such as differing pile
heights, mixing of cut and loop pile tufts, forming of different visual effects, etc.
An encoder additionally can be provided for monitoring the rotation of the main
drive shaft 26 and can report the position of the main drive shaft to the system
controller for control of the yarn feed during each yam feed zone of the pattern

stitch being run by the tufting machine.

[0020] The system controller 30 can be provided as a separate work station, as
indicated at 37 in Fig. 1A, having an input mechanism such as a keyboard 38,
mouse, or a monitor touch screen 39 to enable input of yarn feed amounts for each
selected zone of each pattern stitch, as needed, and other pattern program
parameters. The system controller 30 of the yarn feed control system of the present
invention further can be in direct control of the tufting machine 10, and can
comprise or be part of the overall tufting machine control system such as a
“Command-Performance™” tufting machine control system as manufactured by
Card-Monroe Corp., which system will further include a processor and/or memory
for storing pattern information. Alternatively, the system controller can be in
communication with a separate tufting machine control that monitors and controls

the operative elements of the tufting machine.
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[0021] In addition, the system controller also can be connected to a design center
so that an operator can design a desired pattern for the finished tufted fabric article,
such as a carpet, which design center generally will include a computer that can
calculate parameters of the desired pattern design, including parameters such as
yarn feed rates, pile heights, stitch lengths, etc., for each of the programmed pattern
steps and/or the yarn feed zones thereof. This information can be created as a
pattern data file designed or programmed using pattern design software, and/or can
be input directly or electronically communicated to the tufting machine controller
and/or system controller 30 such as via network connection, disk or other file
transfer means. Such design center functionality, in which a desired pattern can be
designed in its various parameters such as yarn feed rates, pile heights, stitch
length, etc., also can be provided within the system controller 30 for the yarn feed
control system of the present invention so as to enable the operator to directly
design and/or input desired pattern parameters at the system control for controlling

the entire tufting operation.

[0022] As further indicated in Figs. 1A-2, the backing material B will be fed by
backing feed rolls 31 and 32 through the tufting zone in a direction or feed path as
indicated by arrow 33 by control of drive motors 41, typically under control of the
system controller 30 and/or a tufting machine controller. The backing material B
generally will be fed at a desired stitch rate for the pattern being formed. As
additionally indicated in Figs. 1A-2, a loop looper or hook assembly 45 generally
will be mounted below the bed and tufting zone 12 of the tufting machine 10. The
looper or hook assembly 45 generally can include loop pile loopers 46 (Fig. 1A),
cut pile hooks 47 (Fig. 2), level cut loop loopers or hooks 48 (Fig. 1B), or various

combinations thereof.

[0023] For example, as indicated in Fig. 1A, loop pile loopers 46 can be
positioned on both the upstream and downstream sides of the tufting zone 12 for
engaging the needles 11 to form loop pile tufts 49 on the backing material.
Additionally, as indicated in Fig. 1B, loop pile loopers or cut pile hooks 48 can be
utilized with level cut loop loopers or hooks, while Fig. 2 illustrates the use of loop

pile loopers and cut pile hooks on opposite sides of the tufting zone, for forming



WO 2009/055560 PCT/US2008/080946

both cut pile tufts 50 and loop pile tufts 49 of yarns in the backing material B.
Each of the loop pile loopers 45 (Fig. 1A), cut pile hooks 47 (Fig. 2), and/or level
cut loop loopers 48 (Fig. 1B) generally will be attached to a support block or
holder 51 for a drive mechanism 52 that causes the loop pile loopers, cut pile hooks
and/or level cut loop loopers to be driven in a reciprocating motion, in the direction
of arrows 53/53' (Fig. 1A) and 54/54' as the needles penetrate the backing material
s0 as to engage the needles and pick and pull loops of yarns therefrom. It also will
be understood by those skilled in the art, however, that while particular
arrangements of loop pile loopers, cut pile hooks and level cut loop loopers are
illustrated in the attached drawings, various other configurations and/or
arrangements of such gauge parts also can be utilized with the yarn feed control

system of the present invention.

[0024] As further generally illustrated in Figs. 1A and 2, each of the loop pile
loopers 46 includes a forwardly extending bill or front portion 56, with a body 57
(Fig. 2) attached to the holder 51 and drive mechanism 52 therefor. Similarly, each
of the cut pile hooks 47 (Fig. 2) includes a hooked front end or bill 58, with a body
portion 59 that is received within the holder 51 of the drive mechanism 52. A knife
or cutting blade 61 also generally is associated with each cut pile hook 47 and is
supported by a drive mechanism 62 linked to the drive mechanism for the cut pile
hooks, so as to be reciprocably driven into engagement with the cut pile hooks for

cutting loops of yarns captured thereon to form the cut pile tufts 50.

[0025] Additionally, as indicated in Fig. 1B, the level cut loop loopers 48 also
generally each include a hooked front end or bill 63, with each level cut loop
looper further including an extensible clip 64 driven between engaging and non-
engaging positions by actuators 66. A series of knives 61 likewise are associated
with each of the level cut loop loopers so as to engage and cut loops of yarns
collected thereon to selectively form cut pile tufts, when the clips are in their
retracted positions. When the clips are in their extended engaging positions, such
loops of yarns are enabled to be pulled off as needed to selectively form loop pile

tufts.
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[0026] Fig. 3 illustrates the operation of the yarn feed control system of the
present invention 5 for forming a tufted patterned article having various pattern
effects such as varying pile heights, tufts, etc. Each of the pattern steps or stitches
to be run in the tufted pattern generally will be divided into stitch zones according
to the pile height or yarn feed amount/density required therefor. The stitch zones
generally can correspond to a portion or percentage of the tufting cycle for forming
a selected stitch, such as a percentage or segment of the revolution of the main
shaft. For example, each zone can correspond to 5-90% or more of the stitch cycle,
or can correspond to 30°-90° or other segment of a 360° revolution of the main
shift.

[0027] In an initial step 100, an operator will select a yarn feed zone for a selected
pattern stitch or step for programming a first desired programmed yarn feed
amount therefor. Thereafter, in a next step 101, the operator will input a yarn feed
profile for the amount of yarn needed for the selected yarn feed zone of the
selected stitch, either as a percentage of the total yarn feed for that stitch or step of
the pattern, by weight or density, or by other measurement. For example, for each
revolution of the main shaft, each stitch formed thereby can be divided into zones
as a segment of the revolution of the main shaft, i.e., for two stitch zones, each
zone can correspond to 50% of the revolution of the main shaft, with a desired

portion of the total yarn feed amount for that stitch being assigned thereto.

[0028] If there are more than two zones of the pattern, the operator generally will
select the next zone for input of a programmed yarn feed amount and thereafter
will input the desired amount of yarn feed for such next selected zone, as indicated
in step 102A. If there is not more than one additional yarn feed zone, as indicated
at 102B, the system controller can automatically calculate and assign the remaining
amount of the yarn feed for the selected stitch to be fed to the last yarn feed zone
(step 103) for the selected stitch, or the operator can manually input a yarn feed
profile or yarn feed amount as needed or desired. For example, the first yarn feed
zone can correspond to the first half of a revolution cycle of the main shaft and can
have 5-10% or more of the yarn feed for the stitch assigned thereto, with the

remaining 90-95% or less, of the yarn feed assigned to the last half of the main

10
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shaft revolution. Conversely, the first yarn feed zone can be programmed to
consume or feed a majority or significantly larger amount of yarn (i.e. 50-90% or
more) in the first portion of a tufting or stitch cycle, i.e., in the first 10%-50% or
30°-180° of the revolution of the main shaft 50-90% of the total yarn feed amount
for the selected stitch can be fed from the yarn feed device(s). This process can be
repeated for additional stitches of the pattern, as indicated at step 104, or,
alternatively, the programmed yarn feed profile(s) can be applied to all the stitches
of the pattern or to a group of stitches of the pattern corresponding to a certain
pattern field or area. Thereafter, the system will begin to tuft the programmed

pattern (step 106).

[0029] As indicated at step 107, as the tufting machine begins to tuft the
programmed pattern in the first zone selected, the yarns to be fed for that selected
pattern yarn feed zone will be fed at the prescribed rate to supply the selected yarn
feed percent or profile amount programmed/input for that particular zone. Once
the first yarn feed zone is completed, the yarn feed rate or amount generally will be
changed by the system controller to feed the yarn at the next prescribed rate as
needed to supply the remainder of the yarn to the second (or last) tufting zone, as
shown at step 108. Alternatively, if there are more yarn feed zones to be tufted
(step 109), the yarn feed control can be varied as needed to feed the prescribed
amount of yarn for each of the yarn feed zones until all the yarn feed zones are
completed. Once all of the yarn feed zones of the programmed pattern step or
stitch being run have been completed, the system controller returns to the yarn feed
amount or rate for the first zone of the next pattern stitch and continues to tuft the
additional yarn feed zones/stitches of the pattern until all of the steps of the pattern
tuft run are complete, as indicated at step 110. Thereafter, once the pattern is
completed, the system controller for the yarn feed control system of the present
invention will halt further operation of the tufting machine as needed or desired, as

shown in step 111.

[0030] The yarn feed control system of the present invention thus provides
enhanced yarn feed profile control of the yarns to the needles of the tufting

machine to enable the feeding of varying pile heights and other pattern effects per

11
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each stitch as needed at different areas or parts of the pattern being formed, and
thus enables better control of the pile heights being run by feeding more/less yarns
at more efficient or desired points during the tufting of the pattern steps. This
further enables the yarn feed to be linked or run in conjunction with the backing
feed such that, for example, when the backing is stopped, the yarn feed can be
slowed or run at a lesser rate, while the yarn feed can be increased or a greater
amount run while the backing material is being fed, or conversely, lesser amounts
run as the backing is moving while greater amounts of yarns are fed while the
backing is slowed or stopped, depending on pile heights to be run. Such control is
especially helpful for the formation of synthetic tuft or grass fabrics or other,
similar application, wherein a significant pile height differential, for example a low
pile loop is being run with a higher cut pile or higher loop pile series of tufts. In
addition, the yarn feed control system of the present invention enables greater
control of the tension and thus slack in the yarn as being fed to the various needles,
which can substantially eliminate the need for jerker bars that generally would be
needed to take up the slack in the yarn feed of most conventional yam feed
systems. The yarn feed control system of the present invention further can be

utilized with most conventional yarn feed type pattern attachments.

[0031] It will be further understood by those skilled in the art that while the
present invention has been described above with reference to preferred
embodiments, numerous variations, modifications, and additions can be made
thereto without departing from the spirit and scope of the present invention as set

forth in the following claims.

12
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What is claimed:

1. A yarn feed control system for a tufting machine of the type having a
series of needles carrying a plurality of yarns into a backing material passing

through the tufting machine, the yarn feed control system comprising:

at least one yarn feed device including a series of motors and a series of

yarn feed controllers for controlling operation of yarn feed motors;

backing feed rolls for feeding the backing material through the tufting

machine at a desired rate; and

a system controller in communication with the tufting machine for
controlling operation of the tufting machine, and with said yarn feed controllers
for controlling operation of said yarn feed motors as needed to feed desired

amounts of yarns at selected locations of the backing material;

wherein said system controller is programmable so as to enable input of
predetermined yarn feed profiles for selected zones of selected stitches of a
programmed pattern to be tufted, and can automatically feed yarns to selected
needles for each zone of each stitch to be tufted according to said predetermined

yarn feed profile therefor.

2. The yarn feed control system of claim 1, and wherein said at least one yarn
feed device is selected from the group comprising roll yarn feed attachments,
scroll yarn feed attachments, single end yarn feed attachments, double end yarn

feed attachments, and combinations thereof,

3. The yarn feed control system of claim 1, and further comprising a series of

loopers adapted to engage the needles for forming loop pile tufts.

4. The yarn feed control system of claim 1, and further comprising a series of

cut pile hooks adapted to engage the needles for forming cut pile tufts.

13
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5. The yarn feed control system of claim 1, and further comprising a series of
level cup loop loopers adapted to engage the needles for forming cut and loop pile

tufts.
6. A method of forming a patterned tufted article, comprising:

selecting at least one yarn feed zone for a selected stitch of the pattern to

be formed in the tufted article;
inputting a yarn feed amount for the selected yarn feed zone;

assigning a yarn feed amount to a remaining yarn feed zone of the selected

stitch;
tufting the patterned tufted article, comprising:

a) feeding yarns at the input yarn feed amount for the selected yarn

feed zone of the selected stitch;

b) feeding yarns at the yarn feed amount for the remaining yarn

feed zone of the selected stitch; and

c) repeating steps a) — b) for each stitch of the pattern until the

pattern is completed.

7. The method of claim 6, and wherein assigning a yarn feed amount to a
remaining yarn feed zone comprises assigning a remainder of a total yarn feed
amount to be fed for the selected stitch of the pattern to the remaining yarn feed

zong.

8. The method of claim 6, and wherein the yarn feed amount input for the at
least one selected yarn feed zone for the selected stitch comprises a percentage of

a total yarn feed amount for the selected stitch of the pattern.
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9. The method of claim 6, and wherein the yarn feed amount input for the at
least one selected yarn feed zone for the selected stitch comprises an amount by

weight of yarn.

10.  The method of claim 6, and wherein the pattern comprises more than two

yarn feed zones.

11. The method of claim 6, and wherein a system controller in which yarn feed
amounts for the selected yarn feed zones are input automatically calculates a
remaining yarn feed amount for the selected stitch of the pattern to be tufted and
assigns the remaining yarn feed amount to a last yarn feed zone of the selected

stitch.

12. The method of claim 6, and wherein the yarn feed zones of the selected

stitch comprise different pile height tufts.

13. The method of claim 6, and wherein at least one selected yarn feed zone of
the selected stitch comprises loop pile tufts and another yarn feed zone of the

selected stitch comprises cut pile tufts.

14, The method of claim 6, and wherein each yarn feed zone comprises loop
pile tufts and wherein the loop pile tufts of each yarn feed zone of the selected
stitch are at different pile heights.

15



WO 2009/055560 PCT/US2008/080946

1/4

SUBSTITUTE SHEET (RULE 26)



WO 2009/055560 PCT/US2008/080946

2/4

f
j-l.l-/ [
M_“Ir .
> | ”

[

10\

Y

SUBSTITUTE SHEET (RULE 26)



00000000000000000000000000000

3/4

SUBSTITUTE SHEET (RULE 26)



WO 2009/055560

START

4/4

100

| FOR PROGRAMMED YARN FEED

AMOUNT

SELECT STITCH YARN FEED ZONE

Y

INPUT AMOUNT OF YARN
FEED (%) FOR SELECTED
YARN FEED ZONE

101
/

IS THERE
MORE THAN ONE
ADDITIONAL YARN
EED ZONE?2

102B

ARE THERE
ADDITIONAL
STITCHES TO BE
RROGRAMMNED

YES

ASSIGN REST OF YARN TO
BE FED TO LAST YARN FEED
ZONE

v

TUFT PROGRAMMED
PATTERN

IS TUFT RUN
COMPLETE?

END

YES

102A

PCT/US2008/080946

FIG. 3

| FEED YARN AT
PRESCRIBED RATE TO
SUPPLY SELECTED %

RATE TO SUPPLY REST OF
YARN TO SECOND ZONE

|
l
: FEED YARN AT PRESCRIBED
I
|
|
1

MORE YARN FEED
ZONES?

ADDITIONAL
ZONES



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/080946

A. CLASSIFICATION OF SUBJECT MATTER

INV. DO5C15/18 DO5C15/34

According 1o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

DO5C

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

-figures-1-11

figures 1-7

figures 1-22

X GB 2 392 172 A (TUFTCO CORP [US])
' 25 February 2004 (2004-02-25)
paragraph [0025] - paragraph [0046];

X - US 6 550 407 B1 (FROST STEVEN [US] ET AL)
22 April 2003 (2003-04-22)
column 3, 1ine 47 - column 8, line 21;

X US 2003/164130 A1 (MORGANTE MICHAEL R [US]
ET AL) 4 September 2003 (2003-09-04)
paragraph [0043] - paragraph [0112];

Ny -

1-14

1-14

1-14

m Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the ant which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O* document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

e

e

e

g

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particutar relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilied

in the art.

document member of the same patent family

Date of the actual completion of the international search

10 March 2009

Date of mailing of the intemational search report

27/03/2009

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Herry-Martin, D

Fomn PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

_ PCT/US2008/080946
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2002/037388 Al (MORGANTE MICHAEL R [US] 1-14
ET AL) 28 March 2002 (2002-03-28)
paragraph [0028] - paragraph [0057];
figures 1-8
X GB 2319 786 A (TUFTCO CORP fusl) 1-14
3 June 1998 (1998-06-03) .
page 9, paragraph 3 - page 34, paragraph
2; f1gures 1-14
X WO 96/12843 A (BURLINGTON INDUSTRIES INC 1-14
[US]) 2 May 1996 (1996-05-02)
page 6, paragraph 6 - page 13, paragraph
3; figures 1-5
X US 6 807 917 Bl (CHRISTMAN WILLIAM [US] ET 1-14
AL) 26 October 2004 (2004-10-26)
column 4, line 13 - column 16, line 63;
figures 1-8
X US 5 005 498 A (TAYLOR BROOKS E [US] ET 1-14
- AL) 9 April 1991 (1991-04-09) -
column 3, line 22 - column 7 line 36;
figures 1-11 o
X WO 2004/057084 A (CARD MONROE CORP [US]) 1-14
8 July 2004 (2004-07-08)
page 8, line 5 - page 36, line 11; figures
1-10 ) -
X US 2005/204975 A1 (CARD ROY T [US] ET AL 1-14
CARD ROY T [US] ET AL)
22 September 2005 (2005-09-22)
paragraph [0024] - paragraph [0072];
figures 1-10
X US 2004/025767 A1 (CARD ROY T [US] ET AL 1-14
CARD ROY T [US] ET AL)
12 February 2004 (2004-02-12)
paragraph [0027] - paragraph [0075];
figures 1-10
X US 2006/272564 A1 (CARD ROY T [US] ET AL) 1-14
7 December 2006 (2006-12-07)
paragraph [0027] - paragraph [0074];
figures 1-10
X US 2005/056197 A1 (CARD ROY T [US] ET AL 1-14
CARD ROY T [US] ET AL)
17 March 2005 (2005-03-17)
- paragraph [0027] - paragraph [0075];
figures 1-10
iy

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/080946

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category”

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

v

US 4 867 080 A (TAYLOR BROOKS E [US] ET
AL) 19 September 1989 (1989-09-19)
column 3, line 18 - column 7, line 32;
figures 1-11 ' '

1-14

Form PCT/ISA/210 {continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2008/080946
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 2392172 A 25-02-2004 DE 10338736 Al 13-05-2004
' JP 2004084155 A 18-03-2004
US 6550407 Bl 22-04-2003 US 2004035341 Al 26-02-2004
US 2003164130 Al 04-09-2003  NONE
US 2002037388 Al 28-03-2002 US 2003000438 Al 02-01-2003
GB 2319786 . A 03-06-1998 DE 69730363 D1 23-09-2004
. DE 69730363 T2 15-09-2005
DE 69730586 D1 14-10-2004
DE 69730586 T2 01-09-2005
EP 0854220 A2 22-07-1998
JP 10195753 A 28-07-1998
WO 9612843 A 02-05-1996  NONE
Us 6807917 Bl 26-10-2004  NONE
US 5005498 A 09-04-1991  NONE
WO 2004057084 A 08-07-2004: - +:AU*:'2003301149 Al 14-07-2004
g : EP 1597420 A2 . .. 23-11-2005
JP 2006524753 T .- - . . 02-11-2006
US 2005204975 Al 22-09-2005 NONE
US 2004025767 Al 12-02-2004  NONE
US 2006272564 Al 07-12-2006  NONE
US 2005056197 Al 17—03—2005 NONE
US 4867080 A 19-09-1989 GB 2226159 A 20-06-1990
us 4981091 A 01-01-1991

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

