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PLEDGE AGREEMENT

WHEREAS, Partner’s Royalties, LLC, a Georgia limited liability company (hereinafter referred to
as "Pledgor") have requested Signature Bank of Georgia, having its principal office at 6065 Roswell Road,
Suite 600, Sandy Springs, Georgia 30328 (the "Lender") to lend to PrecisionJet, Inc. (the "Borrower") the
principal sum of $390,000.00 (the "Loan"); and

WHEREAS, to induce Lender to make such Loan to Borrower, Pledgor has agreed to guaranty
the payment of said Loan; and

WHEREAS, Lender and Borrower have entered into the Loan as evidenced by a promissory note
of even date herewith ("Note"); and

WHEREAS, Pledgor has entered into guaranty agreements with Lender (the “Guaranty”) to
secure Pledgor's Guaranty of the Note of even date herewith, Pledgor has agreed to pledge to Lender its
interest in U.S. Patent No. 7814850, as security for said Guaranty; and

WHEREAS, Lender has refused to make the Loan unless this Pledge Agreement and a separate
assignment of the stock is executed by Pledgor and delivered to Lender (all writings, instruments, notes,
security deeds, guaranties, agreements and documents of whatever nature given in connection with the
Loan are hereinafter collectively referred to as the "Documents");

NOW, THEREFORE, in consideration of Lender making the Loan, and as inducement to do so,
intending to be legally bound, Pledgor hereby covenants and agrees with Lender as follows:

1. Security Interest in Patent. Pledgor hereby grants to Lender a security interest in and
hereby assigns and delivers fo Lender, U.S. Patent No. 7814850 (hereinafter referred to as the “Assigned
Patent”). Prior to or simultaneous with the execution of this Agreement Pledgor has pledged and
delivered to Lender the foregoing patent together with an assignment of security annexed thereto which
has been endorsed in blank by Pledgor.

All security interests granted hereby shall be deemed to arise and be perfected under and
governed by the Uniform Commercial Code, except to the extent that such law does not apply to certain
types of transactions or Assigned Patent in which case applicable law shall govern.

2, Obligations Secured. The Assigned Patent shall secure the following obligations
("Obligations"):

(a) All Obligations of Pledgor under the Documents including without limitation the
indebtedness from Pledgor to Lender evidenced by the Guaranty;

(b) All costs and expenses incurred by Lender in the collection or enforcement of the
Guaranty, the Note, or other Documents or the protection of the Assigned Patent;

(c) Any other indebtedness, liability or obligation of Pledgor to Lender, past, present or future,
direct or indirect, absolute or contingent, individual, joint or several, now due or to become
due, whether as drawer, maker, endorser, guarantor, surety or otherwise, except that
none of the security interests created herein shall secure any obligation incurred by
Pledgor which is defined as "consumer credit" by Federal Reserve Board Regulation Z, 12
C.F.R. §226.1 et seq., and is not exempted from the application of that Regulation.

3. Representations. Pledgor hereby makes the following representations and warranties
which shall be true and correct on the date of this Agreement and shall continue to be true and correct at
the time of the creation of any Obligation secured hereby and until the Obligations secured hereby shall
have been paid in full:
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(a) Pledgor has good and marketable title to the Patent and the Assigned Patent evidenced
thereby subject to no security interest, lien or encumbrance;

4, Covenants. Pledgor covenants and agrees that until the Obligations secured hereunder
have been paid in full, Pledgor shall:

(a) Maintain at all times good and marketable title to the Assigned Patent, free and clear of
any security interest, lien or encumbrance and defend such title against the claims and
demands of all persons;

(b) Provide, upon request, financial or other information, documentation or certifications to
Lender (including balance sheets and income statements), all in form and content
satisfactory to Lender,;

(c) Execute, upon demand by Lender, any financing statements or other documents which
Lender may deem necessary to perfect or maintain perfection of the security interest(s)
created in this Agreement and pay all costs and fees pertaining to the filing of any
financing, continuation or termination statements with regard to such security interests;

(d) Pay, upon demand, all amounts incurred by Lender in connection with any action or
proceeding taken or commenced by Lender to enforce this Agreement or protect, or
realize upon the Assigned Patent, including attorney's fees equal to the lesser of (a) 15%
of the sum and interest then due on the Obligations, or $500.00, whichever is greater, or
(b) the maximum amount permitted by law, and attorney's costs and all costs of legal
proceedings.

5. Events of Default. The occurrence of any default by Pledgor in the performance of any of
its obligations hereunder or in payment or performance of any of the Obligations secured hereby or the
occurrence of an Event of Default under the Documents shall constitute an "Event of Default" hereunder.

6. Remedies. Upon the occurrence of any Event of Default Lender may immediately and
without demand or notice exercise any of its rights and remedies granted herein, under the Documents or
under applicable law, or which it may otherwise have, against the Pledgor, the Assigned Patent or
otherwise.

7. Lender's Rights Upon Default. Pledgor hereby authorizes Lender, and Lender shall have
the continuing right, at its sole option and discretion, to do anything which Pledgor is required but fails to
do hereunder, including without limitation taking any reasonable steps to protect the Assigned Patent and
paying all taxes, levies, expenses and costs arising with respect to the Assigned Patent.

In addition to all rights given to Lender by this Agreement, Lender shall have all the rights and
remedies of a secured party under any applicable law, including without limitation, the Uniform
Commercial Code.

8. Redelivery of Pledge. Upon payment at maturity of all of the Obligations secured hereby,
the Lender shall immediately redeliver the Patent to Pledgor and this Agreement shall terminate forthwith.

9. Miscellaneous Provisions.

(a) Lender shall be entitled to exercise any right hereunder notwithstanding any prior
exercise, failure to exercise or delay in exercising any such right.
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(b) Lender shall retain the lien of any judgment entered on account of the Obligations
secured hereby, as well as any security interest previously granted to secure repayment
of the Obligations secured hereby, and Pledgor warrants that Pledgor has no defense
whatsoever to any action or proceeding that may be brought to enforce or realize on such
judgment or security interest.

(c) if any provision hereby shall for any reason be held invalid or unenforceable, no other
provision shall be affected thereby, and this Agreement shall be construed as if the invalid
or unenforceable provision had never been a part of it.

(d) The descriptive headings of this Agreement are for convenience only and shall not in any
way affect the meaning or construction of any provision hereof.

(e) The rights and privileges of Lender contained in this Agreement shall inure to the benefit
of its successors and assigns, and the duties of Pledgor shall bind all heirs, personal
representatives, successors and assigns.

(f This Agreement shall in all respects be governed by the laws of Georgia (except to the
extent that federal law governs), and all references to the Uniform Commercial Code shall
be deemed to refer to the Uniform Commercial Code as enacted in such state.

(9) Pledgor hereby irrevocably appoints Lender, Lender's successors and assigns, and each
holder hereof as Pledgor's attorney-in-fact to take any action Lender deems necessary to
perfect or maintain perfection of any security interest granted to Lender herein, including
executing any document on Pledgor's behalf.

(h) Copies or reproductions of this document or of any financing statement may be filed as a
financing statement.
IN WITNESS WHEREOF, Pledgor has executed this document this 2v_ day of June, 2013.

Sworn to before me this "PLEDGOR"
v day of June, 2013.

Partner's Royalties, LLC
\ﬂuuu,”
A Ricye,

Notary Public & ' RN By »“;: 2. ﬂcf\ (SEAL)
Q7 "c%‘& ot JokaBEarden, Managing Member
s@v %03 %ifs
e *p'%\ VI -
[NOTARY SEAE® 5 0% <:F32
205 n 2y SSE
220 T A
’0'4/ Yoy yan? ‘\‘
£, )
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2. The tufting machine of claim 1, further comprising a cutter disposed on said second carriage, the
cutter for severing loop tufts formed along the backing and thereby rendering cut pile tufts.

3. The tufting machine of claim 1, further comprising a foot disposed on said second carriage, the foot
for receiving needles as they are inserted through the backing and for preventing the backing from
deflecting toward said looper, wherein the distance, along a Z-axis, between the foot and said looper
determines the height of the tufts to be formed and wherein that distance can be selectively adjusted.

4. The tufting machine of claim 1, further comprising a yarn feed source that is operatively connected to
said tufting frame, wherein the yarn feed source holds different yarns that are delivered to said needles,

and wherein each yarn is delivered to a separate needle.

5. The tufting machine of claim 1, wherein said tufting frame drive mechanism comprises: (a) a rack and
gear assembly comprising a toothed rack attached to said support frame and a gear attached to said
tufting frame, wherein the gear advances along the rack when the gear is rotated, thereby causing said
tufting frame to advance along said support frame; and (b) a motion actuator that rotates the gear.

6. The tufting machine of claim 5, wherein said motion actuator comprises a servo motor.

7. The tufting machine of claim 5, wherein said tufting frame drive mechanism further comprises a
guide assembly for guiding the movement of said tufting frame along said support frame.

8. The tufting machine of claim 7, wherein said guide assembly comprises: (a) a rail attached to said
support frame, wherein the rail runs parallel to said rack; and (b) wheels attached to said tufting frame
and engaged to the rail, wherein the wheels roll along the rail due to said gear's advancement along said
rack.

9. The tufting machine of claim 1, wherein said tufting frame drive mechanism comprises: (a) a shaft
and bearing assembly comprising a threaded shaft rotatably attached to said support frame and a rotary
bearing attached to said tufting frame and engaged to the threaded shaft, wherein the rotary bearing
advances linearly along the threaded shaft when the threaded shaft is axially rotated, thereby causing
said tufting frame to advance along said support frame; and (b) a motion actuator that axially rotates the
threaded shaft.

10. The tufting machine of claim 9, wherein said motion actuator comprises a servo motor.

11. The tufting machine of claim 1, wherein said first carriage drive mechanism comprises: (a) a rack
and gear assembly comprising a toothed rack attached to said first beam and a gear attached to said first
carriage and engaged to the rack, wherein the gear advances along the rack when rotated, thereby
causing said first carriage to advance along said first beam; and (b) a motion actuator that rotates the
gear.

12. The tufting machine of claim 11, wherein said motion actuator comprises a servo motor.

13. The tufting machine of claim 11, wherein first carriage drive mechanism further comprises a guide
assembly for guiding the movement of said first carriage along said first beam.

14, The tufting machine of claim 13, wherein said guide assembly comprises: (a) a rail attached to said
first beam, wherein the rail runs parallel to said rack; and (b) a linear bearing attached to said first
carriage, wherein the linear bearing slides along the rail due to said gear's advancement along said rack.
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15. The tufting machine of claim 1, wherein said second carriage drive mechanism comprises: (a) a rack
and gear assembly comprising a toothed rack attached to said second beam and a gear attached to said
second carriage and engaged to the rack, wherein the gear advances along the rack when rotated, thereby
causing said second carriage to advance along said second beam; and (b) a motion actuator that rotates

the gear.

16. The tufting machine of claim 15, wherein said motion actuator comprises a servo motor.

17. The tufting machine of claim 15, wherein second carriage drive mechanism further comprises a
guide assembly for guiding the movement of said second carriage along said second beam.

18. The tufting machine of claim 17, wherein said guide assembly comprises: (a) a rail attached to said
second beam, wherein the rail runs parallel to said rack; and (b) a linear bearing attached to said second
carriage, wherein the linear bearing slides along the rail due to said gear's advancement along said rack.

19. A tufting machine for producing athletic turf having a graphic design, the tufting machine
comprising: (a) a support frame to which a backing fabric is fastened and statically held in plane; (b)
multiple tufting frames that are movably mounted to the support frame and travel thereupon along a Y-
axis, wherein each tufting frame comprises a first beam that spans across the backing and is oriented
along an X-axis and a second beam that is oriented parallel to the first beam and opposite the backing;
(c) at least one needle carriage that is movably mounted to the first beam of each tufting frame and
travels thereupon along an X-axis; (d) at least two tufting needles that are disposed within each needle
carriage, wherein each needle receives a different type of yarn and is selectively reciprocated, along a Z-
axis, in order to insert its designated yarn into the backing in accordance with the graphic design; (e) at
least one looper carriage that is movably mounted to the second beam of each tufting frame and travels
thereupon along an X-axis; (f) a looper disposed within each looper carriage, the looper for catching
yam inserted through the backing by a needle and thereby forming a loop tuft along the backing; (g)
tufting frame drive mechanisms capable of advancing the tufting frames independently along the support
frame; (h) needle carriage drive mechanisms capable of advancing the needle carriages independently
along the respective first beams to which they are mounted; (i) looper carriage drive mechanisms
capable of advancing the looper carriages independently along the respective second beams to which
they are mounted; (j) needle drive mechanisms capable of reciprocating the needles individually; (k) a
computer for storing the graphic design and for selectively controlling the various drive mechanisms in
accordance with the graphic design; and (1) wherein the looper and needle carriages are independently
driven so that each looper carriage may be precisely positioned, relative to a needle carriage, to enable
its looper to catch yarn from a particular reciprocating needle.

Description

BACKGROUND

The present invention generally relates to tufting machines, and it is specifically directed to a tufting
machine that has a tufting head comprised of distinct yarn-inserting and yarn-catching/cutting elements
that are independently movable relative to each other in order to facilitate the production of artificial
athletic turf bearing multi-colored graphic designs.

Many of the aspects and features of machines for manufacturing tufted products have evolved
considerably over the years. Conventional broadloom tufting machines have been designed to enable the
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manufacture of carpet and artificial athletic turf in high volume. Such high output tufting machines
typically feature a backing feed mechanism comprising an arrangement of feed and take-up rollers that
feed an elongate sheet of backing fabric past a tufting head. The tufting head portion of the machine
generally features one or more elongate needle bars having hundreds of aligned tufting needles which
are disposed above the backing sheet, as well as an equivalent plurality of loopers that are disposed
below the backing. Each needle bar carries a row of aligned needles that each receive yarn, via any of a
variety of suitable yarn feed mechanisms, from a corresponding spool situated within a yarn creel. As
the backing sheet is conveyed past the tufting head, the needles are continually reciprocated downward
to penetrate and insert yarn into the backing sheet. The loopers operate in synchronicity with the needles
so that as each needle momentarily protrudes the backing, a corresponding looper catches its yarn before
the needle returns upward. This cooperative needle and looper action produces "loop pile" tufts of yarn
in the backing. Additionally, knives can be used to sever each of the just-formed loops to render "cut
pile" tufts.

Where uniformly patterned carpet or vast monochrome sections of athletic turf are to be produced, the
needle bar of the type of broadloom tufting machine used may span the entire transverse width of the
backing material. Thus, the tufting needles along the needle bar generally remain stationed at constant
axial positions (i.e., the needle bar does not shift laterally with respect to the backing). The incremental,
longitudinal progression of the backing material that follows each stroke of the needle bar causes the
laterally-aligned needles to form successive lateral rows of tufts. However, while broadloom tufting
machines that employ single axis needle bar movement may be preferable for high output production of
tufted products of uniform tuft placement and yarn color, they are not ideal for tufting multicolored
designs. For creating multicolored tuft patterns in backing materials, such as may be necessary when
manufacturing the logo-bearing sections of artificial athletic turf, tufting machines have been improved
to enable their needle bars to shift laterally, relative to the backing, in order that the particular type of
yarn delivered by particular individual needles be selectively inserted into the backing at specific tuft
locations in accordance with a preconceived pattern. For example, U.S. Pat. No. 4,829,917 to Morgante,
et al. discloses the use of a computer-controlled hydraulic actuator for shifting the needle bar of a tufting
machine into different lateral positions in response to pre-selected stitch pattern information stored in the
computer. As another example, U.S. Pat. No. 5,979,344 to Christman, Jr. discloses the use of computer-
controlled inverse roller screw actuators for shifting needle bars laterally, as well as for shifting the
backing sheet itself laterally, in order to tuft a graphic pattern of yarn into the backing as it advances
longitudinally past transversely aligned needles.

However, conventional tufting machines that employ backing feed mechanisms are not optimum for
producing highly detailed color images, such as some artistic logo-bearing sections of artificial athletic
turf, even if their tufting heads are laterally shiftable. For one, their tufting heads generally perform
needle reciprocation and shift in timed relationship with the stepped longitudinal progression of the
backing fabric that is being fed through the machine. Whenever that motion relationship is altered, as
may occur unintentionally for a variety of reasons, the tufting needles may fail to insert yarn tufts at the
precise positions necessary to produce the desired image effect. For example, if the backing feed
mechanism experiences any lag or surge in its operation, that will likely create inconsistency in the
longitudinal spacing between adjacent rows of tufts which, in turn, could distort the overall graphic
image being tufted.

Furthermore, athletic field logos, for example, are often broader than the tufting zones of conventional
machines--which are typically up to 15 feet wide. Therefore, graphic logos often must be manufactured
in separate sections. The sections are individually tufted and then glued, side-by-side, onto a base layer
material to form the whole image. However, using a conventional tufting machine with a backing feed
mechanism to tuft the various adjacent sections of backing separately can be problematic, not only
because the machine may experience operating irregularities in the cooperative motions of its tufting
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head and backing feed mechanism, but also due to inherent characteristics of the backing material itself.
To with, backing sheets are typically fabricated of coarsely woven material that may be stretched
nonuniformly or skewed as they are advanced by the backing feed mechanism. Consequently, there
exists the potential for one image-bearing section of backing to progress through the tufting zone
differently, in some respect, than does an adjacent section, and that may render color discontinuity
within the assembled tufted image.

To address this issue, tufting machines have been developed to enable the tufting head component of the
machine to advance multi-directionally and along perpendicular axes in order to tuft a pattern into a
fixedly held backing piece. U.S. Pat. No. 5,743,200 to Miller, et al. discloses such an apparatus for
manufacturing tufted rugs. Resembling the construction of the machine of the present invention, the
Miller tufting machine employs a gantry component which carries a tufting head adapted to move along
an X-axis (i.e., lateral relative to the backing), while the gantry is movable along a Y-axis (i.e.,
longitudinal relative to the backing). The Miller tufting head is disposed above the backing material, and
it is mounted to the gantry via its attachment to a frame which is gearably connected to and movable
along the gantry. The tufting head generally comprises a cylinder that is slidably secured to the frame, a
piston that reciprocates within the cylinder, a needle that is secured to the bottom end of the cylinder and -
a blade that is positioned within the needle and is secured to the bottom of the piston. The blade projects
from and retracts into the needle to assist the needle in protruding down through the backing to form
loop pile tufts therein. The Miller tufting machine also includes a second, lower gantry that is disposed
below the backing material and moves along a Y-axis in synchronicity with the upper gantry. This lower
gantry provides:-underlying support for the backing material in order to limit the downward deflection
that would otherwise result from the pressure applied by the blade and needle operating on the backing.

Nevertheless, it can be appreciated that there is an outstanding need for a tufting machine that has a
configuration which is similar in that it includes a computer controlled tufting head adapted to move
along both X and Y axes and entirely about a statically held backing piece upon which it operates in
order to insert various yarns into the backing at precise locations in accordance with a design pattern
stored in the computer, but that includes an improved tufting head configuration for producing athletic
turf products of precise graphic design. More specifically, there is a need for such a machine to employ a
tufting head that is defined by two distinct and asynchronously driven parts which constitute: (a) a
needle carriage which is oriented above a statically held sheet of backing material being tufted and
comprises a number of individually controlled needles that are each threaded with a separate color of
yarn and are selectively reciprocated along a Z-axis to insert those yarns into the backing material as the
carriage journeys along an X-axis; and (b) a looper carriage which is oriented below the backing and is
not mechanically connected to the needle carriage, but rather is selectively advanced and retracted, along
a parallel axis, in order for its looping element to catch and its cutting element to cut the yarn being
injected through the backing by the particular needle carriage needle in tufting action. Furthermore,
there is a need for the looper carriage to include a fewer number of looping and cutting parts than the
quantity of needles disposed within the needle carriage and for the looper carriage to, therefore, be able
to shift to and fro in non-unison with the needle carriage so that a single looper and cutter pair may
selectively cooperate with each one of multiple needles. Such a tufting head configuration lends itself to
avoiding an issue of the minimum needle gauge achievable (i.e., the minimum spacing required between
adjacent needles) being dictated by how closely adjacent looper and knife pairs can be disposed within a
looper carriage of a type that features a separate looper and knife pairing for cooperation with each
needle disposed in the needle carriage. The tufting machine of the present invention substantially fulfills
these outstanding needs.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an apparatus that employs individual needle control
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capability ing tufting a multicolored yarn pattern into a statically held backing fabric. In one aspect of
the invention, the apparatus features a support frame to which the ends of sheet of backing material are
clamped so that the backing is held in plane under uniform tension while being worked upon by a tufting
head that moves about the backing. By holding the backing static, rather than feeding it through the
machine during tufting, the present tufting machine exercises greater control over individual tuft
position accuracy, as the backing is prevented from skewing like it could if conveyed by a feed
mechanism of some sort. Furthermore, eliminating the aspect of advancing the backing material from
the tufting process allows separate pieces of backing, which are to be adjacently laid upon and adhered
to a separate base material, to be tufted with precise symmetry and continuity of their respective rows of
yarn tufts.

In another aspect of the invention, the apparatus features at least one tufting frame which is formed by a
parallel beam structure that is oriented along an X-axis and is mounted to the support frame in a way
that permits the beams to travel in either direction along a Y-axis. More specifically, the tufting frame is
connected to and propelled along the support frame via a frame drive mechanism which may be
comprised of: (a) a pair of timing belts attached to the lateral ends of the support frame and oriented
along parallel Y-axes; (b) a pair of tufting frame-mounted gears that engage the belts; and (c)
servomotors capable of rotating each gear bi-directionally to propel the tufting frame along the support -
frame. The servomotors are controlled by a computer within which the graphic pattern to be tufted is-
stored. In another aspect, the tufting head of the apparatus is movably mounted to the tufting frame in
much the same fashion as the tufting frame itself is to the support frame. Thus, the tufting head is able to
travel laterally (i.e., along an X-axis) relative to the backing in order to construct lateral tuft rows
thereupon and, via tufting frame movement, the head travels longitudinally in order to initiate
construction of new lateral tuft rows.

It is another object of the invention to provide a tufting head configured to efficiently construct precise -
linear tuft rows comprised of different colors of yarn. In one aspect of the invention, the tufting head is-_
formed by two distinct and independently movable carriages which are not mechanically linked and are .
disposed on opposite sides of the backing sheet, yet which interact to produce cut pile tufts of the type .
ordinarily found in artificial athletic turf. To accommodate a tufting head of such construction, the
tufting frame to which it is mounted features two horizontal and X-oriented beams that respectively span
above and below the horizontally suspended backing. The "tufting head" itself is formed by: (a) a needle
carriage which is movably mounted to the aforementioned upper beam and includes multiple needles -
which are each selectively reciprocated in order to insert different colored yarn into the backing fabric;
and (b) a looper carriage which is movably mounted to the lower beam and that includes a conventional
yarn looper for catching yarn on a needle's downward stroke and then holding it in place as the needle
returns upward to, thereby, form a yarn loop, and that further includes a cutting knife for severing the
just formed loop to render a cut pile. By virtue of the tufting frame's ability to advance in Y-directions
along the support frame and the ability of the tufting head carriages to travel in X-directions along the
tufting frame, the tufting needles are able to assume precise lateral and longitudinal tufting positions for
inserting yarn in accordance with a detailed graphic pattern stored in the computer.

However, in another aspect of the invention, unlike the two motors which operate in unison to advance
the tufting frame in either Y-direction, the two computer-controlled servo motors that propel the tufting
head carriages in X-directions each output rotation independent of that produced by the other. This
independent relationship enables a lower carriage possessing as few as one looper and knife pair to fully
cooperate with a needle carriage possessing as many different needles as are needed to tuft the various
colors of yarn that make up a particular graphic pattern. To with, just before an individual needle is
pushed into the backing material by its dedicated drive mechanism, the lower carriage shifts into a
lateral position that will enable its looper to engage the yarn delivered by that needle. As a further
consequence of the single looper and knife configuration of the present tufting head, rather than the

http://patft.uspto.gov/netacgi/nph-Parser?Sect! =PTO1 &Sect2=HITOlE§€E?&5%% Fﬁ%&ﬁ/&@&g%




United States Patent: 7814850 Page 8 of 12
a {

minimum needle pitch achievable being partly dependent upon the amount of lateral space needed to
station, along the looper carriage, separate loopers and knives in cooperative alignment with each
needle, adjacent needles can be positioned as closely as the girth of their respective needle holding
elements and reciprocation drive mechanisms will permit.

This aspect of the machine is particularly important due to the how the tufting head traverses the
backing fabric, during the tufting process, in order to tuft yarn row-by-row. To wit, in creating each row
of tufts, the needle carriage generally advances in one lateral direction while its individually controlled
needles selectively insert their yarns. If the row being created is to contain different yarns (ex: red and
blue), occasionally, a trailing needle threaded with one color of yarn will need to remain idle while
advancing past a segment of its designated tufting positions while a leading needle carrying a different
colored yarn is commanded to insert a continuous span of its yarn along a segment of its designated
tufting positions within that row. Then, when the leading needle finishes its segment, the needle carriage
will reverse course in order to reposition the trailing needle to initiate tufting along its previously
neglected stretch of tufting positions By minimizing needle gauge, the cumulative distance of reverse -
travel by the needle carrlage is effectively reduced, and the amount of time consumed in tuftmg a.
complete multlcolored row is reduced accordingly. : '

It is another object of the invention to provide a tufting head configured to minimize the quantity of
parts that are subject to wear and, eventually, fail from usage. Employing a single looper and knife to-
engage the yarn of multiple needles makes the present apparatus considerably easier to maintain than
most conventional tufting machines that have a separate looper and cutter stationed to correspond with -
each of multiple tufting needles. One obvious reason for that is the fact that, with the present machine,
only one looper or cutter ever needs replacing. Furthermore, if the looper ever fails during use, the
needle carriage can be repositioned and the machine set to resume executing the exact same tufting
sequence beginning at the precise position that the needle carriage was at when the looper failed. -
However, when a looper on a prior art tufting machines fails, the tuft row left partially uncompleted due
to the fajlure might have to be completed by manual tufting in order to avoid the yarn overlapping that-
might result from re-running its tufting head over backing positions at which yarn loops were
successfully formed, before the prior art machine was stopped, by other loopers that contlnued
functioning properly.

Another object of the present invention is to allow a user to selectively control the height of tuft piles .
formed. In one aspect of the invention, the tufting head features a foot which is attached to the looper -
carriage and extends upward therefrom to provide underlying support for the backing material above.
Adjusting the vertical position at which the looper is attached to the looper carriage correspondingly
adjusts the vertical spacing between the foot and looper directly affects the height of the yarn piles
formed along the backing.

It is yet another object of the present invention to increase production efficiency by allowing multiple
tufting heads to work on different sections of a backing fabric simultaneously. For example, separate
tufting heads (i.e., separate needle and looper carriage pairings) can be mounted along the same tufting
frame, with the heads operating on different width sections of the backing. Alternatively or additionally,
multiple tufting frames can be mounted along the support frame of the tufting machine, with the tufting
head(s) attached to each tufting frame operating on a separate length section of the backing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded front perspective view of the needle carriage and looper carriage of an
embodiment of the tufting machine of the present invention, shown with the needle carriage partially
intact;
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FIG. 2 is an exploded side elevational view of the needle carriage and looper carriage of an embodiment
of the tufting machine of the present invention;

FIG. 3 is a perspective view of an embodiment of the tufting machine of the present invention;
FIG. 4 is a front elevational view thereof;
FIG. 5 is a top plan view thereof;

FIG. 6 is an exploded front elevational view of a portion of the tufting frame drive mechanism of an
embodiment of the tufting machine of the present invention; and

FIG. 7 is a perspective view of an embodiment of the tufting machine of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

It should be understood that the present disclosure has particular applicability to machines used for
manufacturing graphically designed portions of artificial athletic turf and other cut pile articles, but it
can be applicable to tufting machines generally. This disclosure, as embodied in FIGS. 3-5, relates to a
tufting apparatus 1 which can be viewed as generally comprising three basic elements: an apparatus
support frame 2, a tufting frame 20 and a tufting head which, itself, comprises a needle carriage 50 and
looper carriage 70. Additionally, a computer 100 is used to control all of the selective motions imparted
by various drive components of the apparatus 1 throughout its operation. It is particularly important that
the tufting frame 20 be movable along a Y-axis relative to the support frame 2, that the tufting head be
movable along an X-axis relative to the tufting frame 20 and that, as will be explained, yarn-receiving
looper carriage components 70 of the tufting head be movable along an X-axis relative to its separate
yarn-delivering needle carriage components 50. However, a more detailed understanding of the present
disclosure will be gained through a discussion thereof below in connection with the drawings provided
herein.

A typical example of an article of backing material to be worked upon by the present machine is
fabricated of tightly woven material of a type normally used in the manufacture of artificial athletic turf.
As illustrated in FIG: 3, a sheet of such backing material 110 is fastened to the apparatus support frame
2 by way of clamping mechanisms 12 which are stationed along both longitudinal ends 6 of the support
frame 2. The backing 110 should be clamped taut so that it suspends in a horizontal plane without
sagging appreciably. A typical backing sheet 110 to be worked upon may have a width of 15 ft. and
length of 30 ft. Thus, the table-like apparatus support frame 2 has a generally rectangular, open bed area
14 (see FIG. 5) of like dimensions. The height of the support frame 2 should be such that a user can fully
view tuft formation along the backing 110 and, if necessary, can manually operate on various
components of the machine's tufting head without having to uncomfortably squat or bend and without
having to be elevated.

As depicted in FIGS. 3 & 4, the tufting frame 20 is a parallel beam structure. It comprises a pair of
vertical supports 30 positioned at lateral sides of the support frame 2 and which join two horizontal
beams 22, 24 that are disposed in spaced, vertically coplanar alignment. The upper beam 22 of the
tufting frame 20 spans laterally over the backing 110, while the parallel lower beam 24 extends
underneath the backing 110. The tufting frame 20 is movably mounted to the support frame 2 by way of
a tufting frame drive mechanism, of some configuration, which is controlled by the computer 100. In
one embodiment, the drive mechanism is partially formed by a rack and gear assembly which includes
rails 8 as well as timing belts 10 laid atop toothed racks 18, all of which are disposed along both lateral
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ends 4 of the support frame 2. Completing the mechanism is a rotary actuator 38 which rotates a drive
gear 32, as well as a pair of grooved wheels 26 which are all connected to the tufting frame 20 at each of
its vertical supports 30. For simplicity, a discussion of drive mechanism components residing at only a
proximal lateral end 4a of the support bed 14 will follow, but it should be understood that its distal end
4b features a mirror complement of tufting frame drive components which enable the tufting frame 20 to
advance along the support frame 2.

As can be gleaned from FIG. 6, the flat side (bottom) of the toothed rack 18 is adhered to the support
frame, and the timing belt 10 is laid atop the rack 18 in mating fashion. The belt 10 and rack 18 are
fastened together at their respective ends which are near the longitudinal ends 6 of the support frame 2.
At the meeting of the tufting frame 20 and support frame 2, the timing belt 10 is lifted from the rack 18
by virtue of it wrapping over a drive gear 32 fixed to the rotary actuator 38. Preferably, the rotary
actuator 38 is a servo motor that is controlled by the computer 100. The drive gear 32 is situated
between the timing belt 10 and rack 18, and it remains toothingly engaged to the timing belt 10. Guide
rollers 28 stationed on opposite sides of the drive gear 32 cause the timing belt 10 to wind over the gear
32 and maintain contact with at least half of its circumference. Furthermore, the considerable weight of
the tufting frame is supported at the engagement of the tufting frame-mounted grooved wheels 26 and
the support frame-mounted rails 8. So, when the servo 38 rotates the drive gear 32, the gear 32 advances
along the belt 10, and the tufting frame 20 advances in a Y-direction along the support frame 2.
However, it should be understood that a variety of linear motion systems for advancing the tufting frame
20 could be substituted for the rack and gear assembly just described. For example, a tufting frame drive
mechanism could be in the form of a shaft and bearing assembly comprising pillow block bearings
affixed to the tufting frame 20 and mounted to a pair of motor-driven roller screws which are rotatably
fixed to the support frame 2.

Referring back to FIG. 4, running atop the upper beam 22 of the tufting frame 20 is a strip of timing belt
34a, the ends of which are fastened to the beam 22. Along the front face of the upper beam 22 is a rail
36a which runs parallel to the belt 34a. The lower beam 24 features an identical belt 34b and rail 36b.
These belt and rail arrangements are parts of identical linear motion systems which enable tufting
components mounted thereupon to travel in X-directions along the tufting frame 20. In fact, as will be
explained in further detail, the "tufting head" of the present machine is actually formed by two yarn
manipulating carriages 50, 70 which are not mechanically connected, but rather are mounted on the
separate tufting frame beams 22, 24 and are independently motorized. -

Forming an upper portion of the tufting head assembly is a needle carriage 50 that introduces yarns (not
shown) into the backing 110. The needle carriage 50 can have virtually any configuration so long as it
includes means for reciprocating individual yarn needles and its travel along the upper beam 22 is
computer-controlled. Nevertheless, in the embodiment depicted in FIG. 2, the needle carriage 50
includes a parallel pair of vertically disposed base plates 52 which are coupled together by a connector
piece 40 and guide rollers 62. As shown in FIG. 1, a series of tufting needles 54 aligned along a
common X-axis are attached to the front base plate 52a via individual needle drive mechanisms which
reciprocate the needles 54 along their respective Z-axes. The needles 54 can be driven by a variety of
means. In the particular embodiment illustrated, an expandable and contractible pneumatic drive
assembly 66 controlled by the computer 100 is attached to the front face of the front base plate 52a in
vertical disposition. The lower end of the pneumatic assembly 66 is attached to a slide plate 48 that
slides along the front base plate 52a. More specifically, a recirculating linear bearing 58 attached to the
rear surface of the slide plate 48 engages a vertical slide rail 44 disposed along the front surface of the
front base plate 52a. Attached to the front surface of the slide plate 48 is a needle mounting block 46 to
which a tufting needle 54 is anchored. So, when the computer 100 signals the pneumatic drive assembly
66 to extend, the slide plate 48 and, therefore, needle 54 are driven downward and vice versa. Different
colored yarns which originate from spools housed within a creel 42 attached to the tufting frame 20 (see
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FIG. 7) each pass through a tube 68 to a tufting needle 54 disposed adjacent the end of the tube 68. The
described needle arrangement is duplicated along the needle carriage 50 for at least as many different
yarns are to be sewn into a backing piece 110.

Attached to the rear base plate 52b of the needle carriage 50 is a carriage drive mechanism comprising a
servo motor 60 that propels the needle carriage 50 along the tufting frame 20 by rotating a gear 68 that is
engaged to the upper beam's timing belt 34a. The computer 100 signals this servo motor 60 to rotate the
gear 68 in either rotational direction in order to shift the needle carriage 50 in a linear X-direction.
Additionally, to guide and stabilize the needle carriage along the upper beam 22, a slide bearing 56
attached to the rear face of the front base plate 52a slides along the beam's rail 36a.

It is anticipated that the needle carriage 50 will construct lateral rows of tufts in succession along the
backing 110 in forming the graphic design stored in the computer 100 (or at least the segment of that
design that is to be projected onto a particular backing piece 110). Accordingly, at the commencement of
tufting operations, the tufting frame 20 is to be positioned at the rearward longitudinal end 6b of the
support frame 2 and the needle carriage 50 at the proximal lateral end 4a of the tufting frame 20. The
computer 100 will then communicate with the needle carriage's servo motor 60 to incrementally advance
the carriage 50 along the upper beam 22. Simultaneously, the computer 100 communicates with the
pneumatic assemblies 66 to selectively reciprocate individual needles 54. To wit, a needle 54 is selected
to thrust down into the backing 110 after the needle carriage 50 shifts that needle 54 over one of its
designated tuft positions along the backing 110. Some needle 54 is selected to reciprocate at each tuft
position along the forming lateral tuft row according to the yarn color designated. for insertion at that -
position. Construction of a row is completed when the needle carriage 50 finally arrives at the distal
lateral end 4b of its beam 22. Then, the tufting frame's synchronized motors 38 shift the tufting frame 20
forward so that the creation of a new tuft row can begin. The use of servo motors to shift the needle
carriage 50 and tufting frame 20 allows the pitch between each tuft of yarn within a tuft row and the

- gauge between successive rows to be precisely controlled. Consequently, the apparatus 1 is capable of
producing pixelated patterns of yarn tufts that approach photographic appearance.

Referring back to FIG. 4, the lower portion of the tufting head is formed by a looper carriage 70. While
the needle carriage 50 inserts different yarns into the backing 110 in accordance with a predefined
pattern, the looper carriage 70 catches, holds and cuts the inserted yarn to form cut pile tufts along the
backing 110. In a preferred embodiment illustrated in FIGS. 1 & 2, the looper carriage 70, much like its
counterpart needle carriage 50, is formed by, among other things, two vertical base plates 72 joined by a
connector piece 40 and guide rollers 86. Like the needle carriage 50, attached to the looper carriage's
rear base plate 72b is a servo motor 80 that rotates a gear 90 engaged the timing belt 34b atop the lower
beam 24. Also, another slide bearing 76 residing on the rear face of the looper carriage's front base plate
72a engages the slide rail 36b along lower beam 24 so that the looper carriage stably travels along the
beam 24.

Coupled to the front face of the front base plate 72a is a smaller mating plate 74. A looping device 78
projects forward from the mating plate 74. Preferably, the looper 78 can be adjustably mounted at a
range of vertical positions along the mating plate 74. Screwed to the mating plate 74 is an L-shaped foot
device 88 that has a vertical portion extending up to the backing sheet 110 and a horizontal portion
spanning over the looper 78 and providing localized support underneath the backing 110 so that the
backing 110 does not deflect downward as it is penetrated by a needle 54. A central opening within the
foot 88 receives a stroking needle 54. Finally, to enable production of cut pile tufts, a cutting knife 82 is
also attached to the front base plate 72a of the looper carriage 70. The knife 82 is rocked back and forth
along a vertical plane by a knife drive mechanism 84 of a type well-known in the art.

In operation, as the computer 100 directs the needle carriage 50 to travel across the upper beam 22 in
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order to tuft a yarn row in the manner described above, it simultaneously orders the servo motor 80 to
position the looper carriage 70 so that its looping device 78 catches the yarn of the particular needle 54
that is penetrating the backing 110 at a given moment. Since a single looper 78 is tasked with interacting
with multiple needles 54 along the needle carriage 50, when a yarn color change occurs (i.e., a different
needle 54 is selected to reciprocate), either the needle carriage 50 or the looper carriage 70 must shift
relative to the other carriage so that the looper 78 is properly aligned with the particular one of the
needles 54 about to stroke. As the stroking needle 54 returns upward, the looper 78 snags its yarn in
conventional manner and forms a yarn loop below the backing 110. The knife drive mechanism 84 can
be programmed to immediately thereafter rock the knife 82 and sever the just formed loop.
Alternatively, the looper carriage motor 80 and knife drive 84 can be programmed to allow multiple
yarn loops to gather on the looper 78 prior to actuating the knife 82. In any event, because the vertical
position of the foot 88 is fixed along the looper carriage 70, manually raising the mount position of the

- looper 78 on the front base plate 72a prior to operation Wlll effectively shorten the height of tuft piles

' produced in the backing 110, and vice versa. _
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