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METHOD AND APPARATUS FOR WINDING A FILTER MEDIA PACK

FIELD OF THE INVENTION

[0001] This invention relates to fluid filters for removing particulate matter from a flow
of fluid in liquid or gaseous form, including filters of the type used for filtering inlet air
supplied to machinery such as engines and compressors, and more particularly to an

apparatus and method for winding a filter media pack for use in such filters.

BACKGROUND OF THE INVENTION

[0002] Filters of the type used for filtering particulate matter from engine intake air
sometimes include one or more layers of a porous filter material that is formed into a
convoluted pattern, often referred to in the industry as fluted filter media. The fluted filter
media sometimes also includes one or more additional layers of non-corrugated material
attached to the convoluted filter material. These additional sheets are known by various
names, such as face sheets, or backing sheets, and may be formed from either porous or

non-porous material.

[0003] In one commonly used form of filter element, a length of the fluted filter media
is wound about an axis into a coiled shape to form a media pack having one axial end
adapted for receiving a flow of fluid and the other axial end adapted for discharging the
fluid after it is filtered by the fluted filter media forming the media pack. After formation of
the coiled media pack, secondary operations may be performed, to add seals or mounting
provisions to the media pack, to form a filter element that can be inserted into a filter

housing that directs a flow of fluid through the filter element.

[0004] As part of the process of forming a coiled filter pack for a filter element, a
number of operations have typically been performed, such as trimming the fluted filter
media to form a leading edge of the media, attaching the leading edge to a mandrel used for
winding the coiled filter pack, feeding a predetermined length of the media to the mandrel
during winding, trimming the media a second time to form a trailing edge of the media,
securing the trailing edge to the filter pack, and applying adhesives or sealants to portions of
the media as it is wound into a coil. In forming the leading and trailing edges, it is desirable
to trim the media directly through a peak of the convolutions forming the fluted media, to
thereby form a half-peak at the leading and trailing edges that can be filled with an adhesive

or sealant. It is also desirable to control the tension on the media during winding to ensure
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that the flutes of the underlying layers are not crushed in the process of winding the
subsequent layers, and to provide uniformity in the final shape and size of the coiled media
pack.

[0005] Because the filter element incorporating the media pack is generally disposable,
and because there are typically multiple sources from whom a consumer may purchase
replacement filter elements, it is desirable to automate the process of winding the media
pack, so that the manufacturing cost and selling price of the filter element can be
minimized. Prior approaches to automating the process of winding such media packs have
not been entirely satisfactory, however, particularly where the media pack has a cross-
section that is other than round, such as square, rectangular, oval, or race-track shaped with
a rectangular central section joining rounded ends. Herein, rectangular or partially
rectangular, oval, race-tracked and other non-circular shapes may be referred to as either

"oblong" or "elongated". "Elongated" and "oblong" are meant to mean the same thing.

[0006] In general, prior approaches have relied upon undesirably complex conveyor
mechanisms and machinery for performing some of the required operations, and have not
been capable of providing many of the desired operations in an automated form. As a result,
some operations, such as trimming the media to length have had to be performed by hand,
which heretofore precluded fully taking advantage of manufacturing opportunities such as
feeding the media from a large master roll of the media. Prior approaches have also not

allowed for adequate control of the tension in the media during winding.

[0007] It is desirable, therefore, to provide an improved apparatus and method for
forming a filter media pack by winding a fluted filter media into a coil. Also, improved

tooling for winding elongated filter is also desireable.

BRIEF SUMMARY OF THE INVENTION

[0008] Part of the disclosure and some of the claims may be directed toward new
tooling and/or winding methods or machinery for forming fluted filters. According to one
of the inventive aspects disclosed herein, tooling can be used to define an internal major
axis of the elongated fluted filters. As a result, cores or winding boards, while still an
optional component, are not necessary and coreless assembly can be accomplished if
desired. Further, winding of the media using such tooling may result in the desired shape to
avoid for example the serious media deformations of material experienced in the prior art

(see e.g. WO 2004/082795 requiring shape deformation from round to racetrack). For
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example, embodiments of the present invention can be used to roll the desired elongated

media shape without deforming media from round to oblong.

[0009] Another different inventive aspect pertains to winding the oblong media at
differing speeds depending upon the position of the elongated media. For example, the
media may be wound more quickly when the major axis is generally parallel to the fed

media.

[0010] Another inventive aspect relates to apparatus for controlling the tension on the
media being fed into the roll and/or the tension on the roll during winding. This can be used
for shaping. Additionally, fixtures may be employed to set and hold and optionally
compress the media. For example, winding of the filter can result in the desired oblong
shape. To maintain the desired oblong shape obtained from winding and prevent unwinding
or unraveling, fixtures can be employed. Such fixtures can also be set to correspond to
application shape and/or frame shape and thereby increase the propensity for a proper fit

between the wound filter media and a corresponding frame.

[0011] An aspect and/or advantage that can be realized through disclosed embodiments
is that the same machinery used for winding round media arrangements may also be used
for oblong media arrangements. According to this aspect, different tooling may be swapped

to facilitate winding of different shapes of media.

[0012] One of the embodiments of the invention may provide an improved method and
apparatus for forming a filter element including a media pack in the form of a coiled web of
fluted filter media, by feeding the web of fluted filter media at a controlled linear speed onto
a mandrel rotated by a winding motor providing a controlled driving torque to the mandrel,
to thereby maintain a controlled tension on the web of fluted filter media as the web is
wound onto the mandrel. The web of filter material may be fed at a substantially constant
linear speed to the mandrel, and/or the winding motor may be controlled in a manner
providing variable driving torque to the mandrel for maintaining a constant tension on the
web as a function of the constant driving torque. The invention may be used for forming
coiled media packs having circular or non-circular cross sections, and coiled media packs

that are core-less or coiled media packs that are wound around a central core.

[0013] Another embodiment of the invention may allow the mandrel to rotate at varying
rotational speeds to facilitate maintaining a constant web tension. This is particularly

advantageous when winding a non-circular coiled web of fluted filter media onto the
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mandrel, because complex transport structures, such as the conveyors required in prior
methods and apparatuses, are not required, and because tension in the web can be accurately

controlled during winding.

[0014] An apparatus or method according to an embodiment of the invention may also
include provisions for accurately feeding a pre-determined length of the web of media to the
mandrel during winding, and provisions for positioning the web with respect to a cutter for
severing the web through one of the peaks of the fluted media, to thereby form a half-peak
that can be readily filled with an adhesive/sealant. The half-peaks may be provided at the
leading and/or trailing edges of the web. According to one aspect to the invention, the
trailing edge of the web for one filter pack may be formed simultaneously with the leading
edge of the next filter pack to be wound, by the operation of severing the web through one

of the peaks.

[0015] An apparatus or method according to an embodiment of the invention may also
include a movable web guide apparatus for guiding the web into alignment with the
mandrel, and/or an applicator for applying a bead of adhesive/sealant to the web during
winding. According to an aspect of the invention, the web guide is movable away from the
mandrel, after attachment of the web to the mandrel, to provide clearance for rotation of the

mandrel and filter pack being wound on the mandrel.

[0016] An apparatus or method according to an embodiment of the invention may
include an AC vector motor, operating in a torque mode, as a winding motor providing
torque to the mandrel, and/or a web feeder having a cogged roller attached thereto for
driving the web of media. The web feeder may include an encoder for use in accurately
positioning the web along the feed path, to facilitate severing and adhesive application
operations, and for determining when a predetermined length of the web has been fed to the

mandrel.

[0017] Other aspects, objectives and advantages of the invention will be apparent from
the following detailed description and the accompanying drawings. It is to be noted that any
inventive aspect set forth herein may be used by itself or in conjunction with other inventive

aspects.



WO 2009/009374 PCT/US2008/069029

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present invention and, together with the

description, serve to explain the principles of the invention. In the drawings:

[0019] FIG. 1 is partial cutaway view of an exemplary winding apparatus, according to

an embodiment of the invention.

[0020] FIGS. 2-10 are schematic views of the winding apparatus of FIG. 1, illustrating

various structural and operational aspects of an embodiment of the invention.

[0021] FIGS. 11 and 12 are enlarged views showing features of a web of fluted filter
material, used in conjunction with FIGS. 2-10, for illustrating operation of the apparatus of
FIG. 1.

[0022] FIG. 13 is an enlarged view of a portion of a web feeder of the apparatus of FIG.

1, according to the invention.

[0023] FIG. 14 is a top view of a mandrel and web guide arms of the apparatus of FIG.

1, according to the invention.

[0024] FIG. 15 is a perspective view of a filter element including a media pack, as
wound by the apparatus of FIG. 1, according to the invention, in the manner illustrated in
FIGS. 2-10.

[0025] FIG. 16 is a perspective view of a core-less media pack, having a non-circular
cross section, as formed by the apparatus of FIG. 1, according to the invention, in the
manner illustrated in FIGS. 2-10.

[0026] FIG. 17 is a perspective view of an exemplary representation of a media pack,
having a circular cross-section and wound around a central core, which can be formed by

the winding apparatus of FIG. 1.

[0027] FIG. 18 is a perspective view of a mandrel, substantially similar to that of FIG.
14 for use with the winding apparatus of FIG. 1.
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[0028] FIG. 19 is a perspective view of the mandrel of FIG. 18 having a leading section
of a web of fluted filter material engaged by the tools of the mandrel.

[0029] FIG. 20 is a simplified partial cross-sectional view of a section of webbing
engaged by the tooling of FIG. 18 after the tools have rotated 90 degrees to illustrate the
beginning of the winding process as the web of filter media is being wound around the tools

of the mandrel and the leading portion of the web.

[0030] FIG. 21 is a schematic partial view of a winding apparatus according to the
present invention including a tension feedback apparatus for sensing the tension of the web

as it is wound.

[0031] FIG. 22 is a schematic partial view of a winding apparatus according to the
present invention including a web tension adjusting apparatus in the form of a plurality of
dancing rollers positioned between the web feeder and the mandrel for adjusting the tension

of the web as it is wound.

[0032] FIGS. 23 and 24 are schematic partial views of a winding apparatus that includes
a feed path adjuster.

[0033] FIGS. 25 and 26 are schematic partial views of a winding apparatus according to
the present invention that includes a web wrapping apparatus for assisting wrapping of the

web in forming a media pack.

[0034] FIG. 27 is a perspective view of the mandrel of FIG. 18 illustrating an operator

removing a wound media pack from the mandrel.

[0035] FIGS. 28 and 29 are illustrations of a fixturing device for securing a media pack
after it has been removed from a winding apparatus, according to the teachings of the

present invention.

[0036] FIGS. 30 and 31 are illustrations of an alternative fixturing device for securing a

media pack after it has been removed from a winding apparatus.

[0037] FIGS. 32 and 33 are perspective top views illustrating an exemplary seal bead
feed path for applying a seal bead between adjacent layers of the fluted filter media.
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[0038] FIG. 34 is perspective top view of an alternative seal bead feed path.

[0039] FIGS. 35 and 36 illustrate an alternative embodiment of a tool for use with the
mandrel of FIGS. 14 and 18.

[0040] FIG. 37 is a perspective view of the mandrel of FIG. 18 incorporating the tooling
of FIGS. 35 and 36 including a filter core secured thereto.

[0041] FIGS. 38 and 39 illustrate a further alternative embodiment of a tool for use with
the mandrel of FIGS. 14 and 18.

[0042] FIGS. 40 - 42 are illustrations of an alternative tool for use with the mandrel of
FIG. 18.

[0043] While the invention will be described in connection with certain preferred
embodiments, there is no intent to limit it to those embodiments. On the contrary, the intent
is to cover all alternatives, modifications and equivalents as included within the spirit and

scope of the invention as defined by the appended claims.
DETAILED DESCRIPTION OF THE INVENTION

[0044] FIGS. 1-14 show various structural and operational aspects of an exemplary
embodiment of the invention in the form of a winding apparatus 100 for forming a filter
element 102, as shown in FIG. 15, including a filter pack 104, as shown in FIG. 16, in the
form of a coiled web 106 of fluted filter media 108. As will be understood from the
following description, the winding apparatus 100 of the exemplary embodiment performs a
number of functions in addition to simply winding the web 106 of fluted filter material onto
the mandrel 112. The term winding apparatus is used herein to aid in the description of an
apparatus and method according to the invention, and is not intended to be limiting with

respect to practicing the invention.

[0045] As will be understood from the following description, the invention may be used
for winding filter packs having non-circular cross sections, such as the race-track shaped
filter pack 104 shown in FIG. 16, or filter packs 110 having circular cross sections, as
shown in FIG. 17. As shown in FIGS. 11 and 12, the fluted filter media 108, used herein for
describing the exemplary embodiment of the invention, includes a convoluted sheet 103 of
porous filter material forming peaks 105 and valleys 107, attached to a face sheet 109 of

7
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porous filter material, with adjacent peaks 105 being regularly spaced from one another at a
pitch 'P" of the web 106. As will be understood by those having skill in the art, the
invention may also be used with other types of filter media, in other embodiments of the
invention. The convoluted sheet 103 may be formed by any appropriate process, such as
corrugating or pleating, but preferably by gathering, as described in a United States patent
application, entitled "Gathered Filter Media and Method of Making Same," bearing the
attorney docket no. 502854, assigned to the Assignee of the present invention, and

incorporated herein by reference.

[0046] As shown in FIGS. 1-10, the winding apparatus 100 includes a mandrel 112,
mounted for rotation about an axis 114 of the mandrel 112, a web feeder 116 for feeding the
web 106 of fluted filter media 108 at a controlled linear speed, onto the mandrel 112, and a
winding motor 118 operatively connected to the mandrel 112 for providing a controlled
driving torque to the mandrel 112, to thereby maintain a controlled tension on the web 106
of fluted filter media as the web 106 is wound onto the mandrel 112. In the exemplary

embodiment, the winding motor 118 is an AC vector motor, operating in a torque mode.

[0047] As shown in FIGS. 2-10 and 13, the web drive 116, of the exemplary
embodiment, includes cogged drive roller 120, having an outer periphery formed to engage
the peaks and valleys 105, 107 of the web 106, driven by a web drive motor 122. The web
drive 116 also includes a pinch roller 124, for holding the web 106 in engagement with the
cogged drive roller 120, an idle roller 126 and a master roll support apparatus 128. The
master roll support apparatus 128 of the exemplary embodiment is configured for mounting
a large master roll 130 of the web 106 of filter media about a master roll axis 132, so that
the web drive 116 can continuously feed the web 106 to the mandrel 112, along a feed
direction 134 of the winding apparatus 100.

[0048] The idle roller 126 is disposed between the master roll 130 and the cogged drive
roller 120, in a position which causes the web 106 of fluted filter media to wrap partially
around the periphery of the cogged drive roller 120 in a manner that helps to keep the peaks
and valleys 105, 107 of the web 106 drivingly engaged with the cogged drive roller 120, so
that the web drive motor 122 can drive the web 106 forward and backward along the feed
path 134. The pinch roller 124 is mounted in such a way that a pinch roller actuator 136, in
the form of a device such as a pneumatic or hydraulic cylinder, or an electric motor driven
ball screw, for example, can move the pinch roller 124 out of engagement with the web 106
to facilitate feeding the web 106 past the cogged drive roller 120, when the web is being
initially loaded into the winding apparatus 100.

8
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[0049] The web drive motor 122 of the exemplary embodiment is an electric motor
having an encoder that allows precise rotational positioning of the cogged drive roller 120,
and the ability to precisely monitor the length of web 106 which has been fed in either
direction along the feed path 134, toward or away from the mandrel 112. In other
embodiments of the invention, however, other types of motors or drive mechanisms,
allowing positioning and monitoring of length, may alternatively be used in practicing the

invention.

[0050] It will be understood by those having skill in the art, that in other embodiments
of the invention, a web drive may differ considerably from the web drive 116 of the
exemplary embodiment. It is further understood that, although the exemplary embodiment
includes provisions for utilizing a large master roll 130 of the fluted filter media 108, to
allow continuous feeding of the web 106, the invention may also be practiced, in other

embodiments, with smaller master rolls, or with pre-cut lengths of the web 106.

[0051] The winding apparatus 100 of the exemplary embodiment also includes a cutter
140, an applicator 142, and a movable web guide apparatus 144, all disposed between the
cogged drive wheel 122 and the mandrel 112. The applicator 142 is used for applying a
bead of adhesive/sealant 143 to the web 106, during winding of the coiled web 106, in a
manner shown in FIGS. 5 and 6, and described in more detail below. The term
adhesive/sealant, as used herein, is intended to be inclusive rather than limiting, and
includes any material that is applied through the applicator for purposes such as structurally
bonding together the layers of a filter pack, or for providing a complete or partial seal

against the flow of fluid through a filter pack according to the invention.

[0052] The cutter 140, of the exemplary embodiment, includes a pair of jaws 146, 148
operatively connected to be driven by a cutter actuator 150, for severing the web 106 a first
and a second time to form leading and trailing edges respectively of the web 106. The jaws
146, 148 of the cutter 140 are disposed along the feed path 134 at a known distance from the
web drive motor 122, so that the web drive motor 122 can position a first peak 105 of the
web 106 under the cutter 140, in such a manner that the cutter 140 will sever the web
through a first one of the peaks 105, to form the a leading edge 152 of the web 106, as
shown in FIG. 11, and in similar fashion, through a second one of the peaks 105 to form the
trailing edge 154 of the web 106. Severing the web 106 through the peaks 105 in forming
the leading an trailing edges 152, 154 is desirable, because the half-peak 111 that is created
when the web 106 is severed on one of the peaks 105 can be filled with an adhesive/sealant

113, as shown in FIG. 12, in a manner known in the art, for the purposes of precluding fluid

9
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leakage through the half-peak 111, and securing the leading and trailing edges 152, 154 of
the coiled web 106 within the filter pack 104.

[0053] Those skilled in the art will recognize that, by virtue of the arrangement
described above, the web 106 may be severed a first time, on one of the peaks 105, and then
the web drive motor 122 can feed out a length of web 106 that is equal to an integer
multiple of the pitch P of the web 106, along the feed path 134 toward the mandrel 112, to
position a second peak 105 directly under the cutter jaws 146, 148, so that the web 106 may
be severed a second time, directly through the second peak 105, to form the trailing edge
154 of the web 106.

[0054] In other embodiments of the invention, other types of cutters, such as water jets,
saws, lasers, etc. can be used in place of the shear-type cutter shown and described herein

with respect to the exemplary embodiment of the winding apparatus 100.

[0055] The applicator 142 is preferably located between the cutter 140 and the mandrel
112 spaced an slightly beyond an over-travel distance 'D" from the cutter 140, to preclude
fouling of the cutter 140 with adhesive/sealant dispensed by the applicator 142 during
winding of the filter pack 104. As described in greater detail below, in the exemplary
embodiment of the winding apparatus 100, the web drive motor 122 draws the web 106
back past the cutter 140 a distance equal to the over-travel distance D, prior to severing the
web 106 the second time to form the trailing edge 154 of the web 106, so that the
adhesive/sealant 143 on the web 106 extends virtually from the leading edge 152 to the
trailing edge 154 of the coiled web 106. As the web 106 is drawn back the over-travel
distance D, the flow of adhesive/sealant 143 through the applicator 142 is preferably
stopped, or redirected to a different arca of the web 106, so that the bead 143 of
adhesive/scalant does not become excessive as the web 106 moves, first forward, and then
backward, along the feed path 134. In some embodiments, it may be desirable to have the

over-feed distance D be equal to an integer multiple of the pitch P of the web 106.

[0056] The web guide web guide 144 includes a pair of arms 156, 158 that are
selectively rotated, by a pair of web guide actuators 160, 162, into and out of adjacency with
the feed path 134, as described in greater detail below, at a point between the cutter 140 and
the mandrel 112, for guiding the leading edge 152 and an adjacent initial length of the web
106 to the mandrel 112, after the first cut is made to sever the web 106, to form the leading
edge 152, and after the open half-peak 111 at the leading edge 152 has been filled with

adhesive/sealant 113.

10
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[0057] As shown in FIG. 14, the mandrel 112 of the exemplary embodiment includes
two side plates 166, 168 that are operatively connected to be driven in unison about the axis
114 of the mandrel. Aligned channels 170, 172 are attached to each of the side plates 166,
168 for receiving a portion of the opposing longitudinal edges of the web 106 adjacent the
leading edge 152 to secure the leading edge 152 of the web 106 to the mandrel 112. The
portion of the web 106 held by its longitudinal edges also forms an initial layer of media
over which subsequent layers are wound to form a "coreless" race-track shaped filter pack
104, as shown in FIG. 16. As also shown in FIG. 14, the exemplary embodiment includes
two sets of web guide arms 156, 158, with one set operatively mounted respectively
adjacent each of the side plates 166, 168.

[0058] The winding apparatus 100 also includes a controller 164, operatively connected,
as shown by dashed lines in FIGS. 1-10, to the winder motor 118, the web drive motor 122,
the cutter actuator 150, the pinch roller actuator 136, the applicator 142, and the actuators
160, 162 for the web guide arms 156, 158, for controlling the various component parts of
the winding apparatus 100. The actuators 160, 162 may be provided in many forms, such as

a pneumatic or hydraulic cylinder, or an electric motor driven ball screw.

[0059] Operation and additional structural features of the winding apparatus 100 will be
described, as follows, with reference to FIGS. 2-14, illustrating a sequence of operations

related to forming a filter pack 104, having a non-circular cross-section.

[0060] As shown in FIG. 2, with the web guide arms 156, 158 located in an open
position, after loading the master roll 130 of fluted filter media into the master roll support
apparatus 128, for rotation about the master roll axis, 132, the web 106 is fed over the idler
roller 126, between the cogged roller 120 and the pinch roller 124 and through the cutter
140. The web 106 is jogged into a position where a first one of the peaks 105 is positioned
under the cutter 140, to thereby initialize the positioning of the web 106, and the cutter 140
is actuated to sever the web 106 a first time through the first peak 105, as shown in FIGS. 3
and 11, to form the leading edge 152 of the web 106.

[0061] As shown in FIG. 3, the web drive 126 then advances a pre-wind length 115 of
web 106 past the cutter 140, for application of an adhesive/sealant 113 in the half-peak 111
forming the leading edge 152 of the web 106. The adhesive/sealant 113 can be applied into
the half-peak 111 by any known method, including having an operator of the winding
apparatus 100 use a hand-held applicator to fill the half-peak 111 with an adhesive/sealant

material such as a urethane material or a hot-melt glue.
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[0062] Next, as shown in FIG. 5, the mandrel 112 is rotated to an initial position in
which a channels 170, 172 of the mandrel 112 are generally aligned with the feed path 134,
the web guide arms 156, 158 are moved to a closed position, and the web feeder 116 feeds
an initial length of the web 106 through the web guide arms 156, 158, and into the channels
170, 172 in the mandrel 112. The channels 170, 172 of the mandrel 112 receive the leading
edge 152 of the web and a portion of the longitudinal edges of the web 106, adjacent the
leading edge 152. As the web is fed into position in the channels 170, 172 in the mandrel
112, the applicator 142 applies a bead 143 of adhesive sealant to the upper face (as shown)
of the web 106, at a point spaced far enough laterally inward from the longitudinal edge of
the web 106, that the adhesive/sealant 143 will not spread into the channels 170, 172 in the
mandrel 112 as the filter pack 104 is wound on the mandrel 112.

[0063] The web guide arms 156, 158 are then moved to the open position, as shown in
FIG. 6, and the web drive motor 122 and winding motor 118 are energized to wind the filter
pack 104, as shown in FIG. 7. During winding, the web drive motor 122 feeds out a

predetermined length of web 106, including an over-travel distance D, as shown in FIG. 7.

[0064] During winding, the web drive motor 122 is controlled during winding for
feeding the web 106 of fluted filter media at a controlled linear speed onto the mandrel 112,
and the winding motor 118 is controlled to provide a controlled driving torque to the
mandrel 112, to thereby maintain a controlled tension on the web 106 of fluted filter media
as the web 106 is wound onto the mandrel 112. The invention provides the capability to
specifically tailor the speed at which the winding apparatus 100 operates to match the
abilities of a particular individual operating the apparatus 100, while still maintaining a

desired tension in the web 106.

[0065] The linear speed at which the web 106 is fed to the mandrel 112, and the driving
torque applied to the mandrel 112 can be continually controlled during the winding process,
according to a predetermined program to precisely control tension applied to the web 106 at
various points during winding of the filter pack 104. It may be desirable, for example, to
have a pre-programmed acceleration and deceleration period at the beginning and end of the
winding operation, where the linear speed at which the web 106 is fed to the mandrel 112 is
respectively increased and decreased at predetermined rates. Either or both of the winding
motor 118, or the controller 164 may include sensors or circuitry for sensing the driving

torque of the winding motor 118.
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[0066] In general, it is contemplated that the driving torque to the mandrel 112 will
preferably be maintained at a substantially constant value during winding, regardless of the
linear speed at which the web 106 is being fed to the mandrel 112. The driving torque will
cause the rotational speed of the mandrel 112 to vary, and allow the mandrel 112 to
accelerate and decelerate, as required, to maintain a constant tension in the web 106 as the
feed speed varies, as will inherently occur, for example, when winding a media pack with a

non-circular cross section.

[0067] In one embodiment, it is contemplated that the web 106 may simply be fed to the
mandrel 112 at a substantially constant linear speed, during winding, and the winding motor
118 may be controlled to provide a substantially constant torque. The terms substantially
constant linear speed and torque are intended to mean that, except for brief periods of
acceleration and deceleration at the beginning and end the winding operation, the linear
speed will be held at a constant value, and the driving torque will be held at a constant
values. The value of substantially constant linear speed for feeding the web 106 can be
selected, and adjusted, to allow individual operators the flexibility to match the winding
speed to their respective skill in operating the winding apparatus 100. The value of
substantially constant torque can be selected to provide a desired tension on the web 106
during winding, virtually independent of the skill of the operator, so that the coiled filter
packs 104 will have a substantially uniform size and shape when completed, and to preclude

crushing of the inner layers of the media 108 by excessive tension in the outer layers.

[0068] As shown in FIG. 8, the web drive motor 122 then reverses and draws the web
back through the cutter 140 a distance equal to the over-travel distance D, and positions a
second peak 105 of the web 106 directly under the cutter 140. As shown in FIG. 9, the
cutter 140 is actuated to sever the web 106 and form the trailing edge 154, as shown by
dashed lines in FIG. 8. As shown in FIG. 10, the operator then jogs the mandrel 112 to wrap
the distal end of the web 106 onto the filter pack 104, fills the half-peak at the trailing edge
154 of the web 106 with an adhesive/sealant, and removes completed the filter pack 104
from the mandrel 112 by actuating a mechanism (not shown) that moves the plates 166-168
of the mandrel 112 apart from one another to release the filter pack 104 from the channels
170, 172 of the mandrel 112. The completed filter pack 104 is then set aside of the
adhesive/sealant 143, 113 to cure, and/or is sent on to subsequent operations, such as
attaching resilient seals 174, or other components, such as the seal support frame 176, that
may be required to complete fabrication of the filter element 102 including the filter pack
104, as shown in FIG. 15.
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[0069] The operations described above may then be repeated to form the next filter pack
104. 1t should be noted, however, that the operations described above in relation to FIG. 1
need not be performed for subsequent filter packs, because, once the winding apparatus 100
has been initialized to properly form the leading edge 152 of the first filter pack 104 to be
formed from a given master roll 130 of media, the operations described in relation to FIG. 9
will simultaneously form the trailing edge 154 of one filter pack 104 and the leading edge
152 of the next filter pack 104, as shown in FIG. 11.

[0070] Those having skill in the art will also recognize that, although invention has been
described herein with reference to several exemplary embodiments, many other

embodiments of the invention are possible.

[0071] For example, although the exemplary embodiments of the apparatus and
methods described herein have focused on a media pack 104 having a core-less
construction, the invention can also be used to form media packs 180, as shown in FIG. 17,
having the media 108 coiled around a central core 182. Where it is desired to form media
packs having a core, the core may be attached to the mandrel 112, for rotation therewith,
and the leading edge 152 of the web 106 is attached to the core, prior to beginning winding,
through the use of a wide variety of means including, but not limited to, taping the leading
edge to the core, sliding the leading edge into a slot in the core, bonding the leading edge to
the core with an adhesive, or mechanically fastening the leading edge to the core with one

or more fastening devices.

[0072] FIG. 18 illustrates a perspective view of an alternative mandrel 212 for use in
practicing an embodiment of the present invention. The mandrel 212 is similar to mandrel
112 discussed previously. As discussed previously, mandrel 212 may be driven with
constant torque or varying rotational speed to receive a web 106 that is fed at constant linear
speed. As the mandrel 212 winds web 106 into a media pack 104 (See FIG. 16), it forms
successive wound layers of media. Mandrel 212 includes a pair of tools 266, 268 for
engaging first and second longitudinal sides of the web 106, respectively, during winding.
The illustrated tools 266, 268 may be the same or substantially similar to the side plates

166, 168 discussed previously, which are forms of tools. The tools 266, 268 include slots or
channels 270, 272 for receiving and engaging the longitudinal sides of the web 106 during
winding. The channels or slots 270, 272 formed by the tools 266, 268 or bounded by
surfaces 269, 271. 269, 271 may also be referred to as tool faces 269, 271.
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[0073] The tools 266, 268 are preferably removably mounted to the mandrel 212 for
rotation about axis of rotation 114. The tools 266, 268 are removable to permit switching
between various tooling to alter the winding characteristics of the mandrel 212. By
changing the tooling, the shape of a resulting media pack 104 and the engagement between
the mandrel 212 and the web 106 may be selectively varied. Additionally different shapes
of media can be wound by the same machine to include for example the winding of both
circular and oblong shaped medias on the same machines. Other shapes can be wound as

well.

[0074] On opposite sides, the mandrel 212 includes top clamping blocks 276
operatively positioned relative to bottom clamping blocks 278 to sandwich the tools 266,
268 therebetween. The top and bottom clamping blocks 276, 278 may be operatively
secured to one another or otherwise to the mandrel 212 to maintain their relative positions to
mount the tools 266, 268. In one method, bolts (not shown) may pass through apertures 275
in the top clamping block 276 and through apertures in the tools 266, 268 (not shown) and
into the bottom clamping block 278 to securely affix the tools 266, 268 to the clamping
blocks 276, 278.

[0075] It is preferable to have the clamping blocks 276, 278 and tools 266, 268
weighted and shaped to promote balancing about the axis of rotation 114 to prevent

unnecessary vibrations during winding.

[0076] The tools 266, 268 define channels 270, 272, respectively, for receiving the
longitudinal edges of a leading portion of the web 106 proximate the leading edge 152 to
engage the web 106. The rest of the web 106 that forms a media pack 104 will be wound
around the tools 266, 268 and, consequently, the leading portion of the web 106.
Preferably, the longitudinal length of the leading portion of the web 106 includes five or
more peaks 105 of the web 106 and more preferably eight or more peaks 105. In terms of
actual length, it will typically be at least about 2 foot, and more usually about 1 foot or
more for most engine air filtrations applications although other sizes are possible depending

upon filtration capacity needs.

[0077] The web 106 is fed to the channels 270, 272 from a feeder (see for example
feeder 116 of FIG. 2) along feed path 134. The web 106 may be manually aligned with the
channels 270, 272 by an operator or automatically using mechanical guides, as discussed

previously.
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[0078] The leading portion of the web 106 may be received through end openings of the
channels 270, 272. The channels 270, 272 of tools 266, 268 have end openings at both
ends. The end openings open in a direction that is generally perpendicular to the axis of
rotation 114 such that the web 106 may be fed into the channels 270, 272 from the end of
the tools 266, 268. It could potentially also be feed in sideways with or without moving the

tools toward and away from each other.

[0079] With the leading portion of the web 106 received in the channels 270, 272, the
leading portion of the web is received on or proximate the tool faces 269, 271 of the tools
266, 268. When the web is initially inserted into the channels 270, 272, the face sheet of the
web 106, i.e. the non-fluted sheet or bottom sheet (see FIG. 11), is received on and rests on
tool face 271 of the tools. Preferably, the leading portion of the web is about the same
length as the longitudinal length of the tooling, however an exact match is not necessary to
accomplish this embodiment. The initial leading web length portion trapped in the channels

270, 272 may also be shorter or slightly longer than the overall length of the channels.

[0080] The channels 270, 272 also define side openings 277, 279 that open toward each
other and generally parallel to the axis of rotation 114. The side openings 277, 279 allow
the web 106 to extend out of the channels 270, 272 along the axis of rotation 114 and
between the pair of tools 266, 268 as illustrated in FIG. 19.

[0081] In a preferred operation and as illustrated in FIGS. 19 and 20, the trailing edges
280 of the tools 266, 268 extend transverse to the longitudinal sides of web 106 and align
with a valley 107 of the web 106. This alignment allows the trailing edges 280 of the tools
266, 268 to more securely engage the peaks 105 of the web 106 by penetrating an adjacent
valley 107 as the mandrel 212 winds the web 106, around the tools 266, 268. This
alignment facilitates increased engagement between the tools 266, 268 and the longitudinal
sides of the web 106 reducing the potential for slippage of the web 106 relative to the tools
266, 268 during winding of the web 106. However, in some embodiments, the web 106 is
initially permitted to slip a distance relative to the tool faces 269, 271 until the trailing edge
280 of the tools engage a peak 105 by penetrating a valley 107 of the web 106. While the
trailing edge 280 is discussed as "engaging a peak 105", this does not require engaging web
106 exactly at a peak but explicitly includes engaging the sidewalls of a flute that extends
between the peaks 105 and valleys 107.

[0082] The shape and size defined by the outer periphery of the tools 266, 268 are two
factors that establish the relative shape of a media pack 104 formed by winding the web 106
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using the mandrel 212. Tools 266, 268 are elongated thus forming elongated media packs.
As identified previously, the tools 266, 268 can be switched with other tooling such as
illustrated in FIGS. 35, 38, 40 to alter the configuration of the tools around which the web
106 is wound to alter the shape of the media pack 104 formed using the mandrel 212.

[0083] The tools 266, 268, at least partially, define the internal major axis and internal
minor axis of the elongated media pack 104 which correlate to or otherwise define the
ultimate elongated shape of the media pack 104. The longer a major axis of the tools 266,
268 such as length L relative to the minor axis of the tools 266, 268 such as thickness 7, the
more elongated the ultimate media pack will be. In one embodiment, the length L is greater
than the width of five consecutive flutes and the thickness 7 is greater than the width of two

consecutive flutes of the web 106.

[0084] As discussed previously, it can be important to form the media pack 104 with the
web 106 at a constant tension. One benefit of winding the web 106 at a constant
predetermined tension is that shear forces between adjacent layers of media remain
substantially constant. If shear forces between adjacent layers become too large, adjacent
layers may slip relative to one another causing the seal bead 143 positioned between two
adjacent layers to be displaced or otherwise deformed, which may reduce the filtering

integrity of the resulting media pack 104.

[0085] Because the tools 266, 268 are elongated in shape and the ultimate media pack
104 resulting from winding around these tools 266, 268 is elongated, also referred to as and
meaning the same thing as oblong (in the illustrated instance more specifically race track
shaped), one method of maintaining constant tension includes driving the tools 266, 268 at
varying speed to receive the web 106 when it is fed to the mandrel 212 at a constant speed.
More particularly, the drive motor of the mandrel 212 rotates the tools 266, 268 more
quickly when the major axis 286 of the media pack is transverse to the feed path 134 as
opposed to when the minor axis 284 of the media pack is transverse to the feed path 134.
For example, the tools 266, 268 may be rotated at a relatively slow speed when oriented as
illustrated in FIG. 18 but will be rotated at a relatively high speed when oriented as
illustrated in FIG. 20. The rotational speed of winding is ramped up as the leading section of
the web 106 or the major axis 286 approaches being transverse to the feed path 134 and is
ramped down as the leading section and major axis 286 approach being generally parallel to
the feed path 134. The ramping up and down of the rotational speed of winding may occur
continuously such that the rotational speed of the mandrel 212 is substantially continuously

varied, and may approach a sinusoidal profile. In contrast for other shapes such as winding
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circular media with the machine, the rotational speed may not need to vary or could be

constant.

[0086] The tension of the web 106 may be sensed and then used to control the drive
motor of the mandrel 212. This information may be gathered by the drive motor itself or
external sensors. FIGS. 18, 19 and 21 illustrate one arrangement for sensing the tension of
the web 106. This embodiment utilizes a tension feed back device 237 positioned adjacent
the web feed path. The tension feed back device 237 includes a bar 238 supported by a pair
of load cells 239, 240 across which the web 106 rides as it is wound using the mandrel 212.
As the tension in the web 106 varies, the loading of the web 106 on bar 238 varies
indicating a change in tension of the web 106. This change in tension can be used to control
the drive motor 118 to driving of the mandrel 212. In one method, the controller 164 is
operatively connected to the load cells 239, 240 and operatively controls the drive motor
118 according to the information sensed by the load cells 239, 240. For example, if the
tension information sensed by the load cells 239, 240 exceeds a maximum value the
controller 164 reduces the rate of rotation of the mandrel 212. Conversely, if the sensed
tensions information is below a minimum, the controller 164 increases the rate of rotation of
the mandrel 212. The bar 238 may be replaced with a roller to reduce drag on the web 106.
This can control the tightness of the wound media. The load cells 239, 240 (and other load
cells for other embodiments) may be a variety of force measurement devices or force
transducers that include, but are not limited to, strain gauges, wheatstone bridges, etc. The
term load cell will be understood to be broad enough to incorporate other types of force

SCNSOrs.

[0087] FIG. 22 illustrates an alternative embodiment of a winding apparatus 300 that
incorporates a plurality of dancing rollers 302 for controlling the tension of the web 106 as
it is being wound by the mandrel 212.  The web 106 is interwoven between adjacent rollers
302. The rollers 302 are mounted for movement relative to one another such that the rollers
302 may move up and down depending on the tension of the web 106 and the orientation of
the media pack 104 and tools during winding. The rollers 302 can actuate up or down to
increase or ease the tension in the web 106 by adjusting the feed path 134 of the web 106 as
it approaches the mandrel 212.

[0088] More particularly, the rollers 302 are adjusted to lengthen the feed path to

increase tension and adjusted to shorten the feed path to reduce tension.
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[0089] As illustrated, the rollers 302 are mounted to linear actuators 304 to permit
movement of the rollers 302. In a preferred embodiment, the linear actuators 304 are
pneumatic or hydraulic and are operably coupled to a common accumulator 306. The
common accumulator 306 may provide feed back between the individual linear actuators.
However, alternatively, other configurations of mounting and controlling the positions of
the rollers 302 can be used, for example, the rollers 302 could be mounted to spring
members to permit movement of the rollers 302. Other devices that could be used to control
the configuration of the feed path 134, and as illustrated, rollers proximate the feed path,
include adjustable springs having adjustable tension/compression; pneumatic or hydraulic

actuators or air shocks; or clectrical load devices.

[0090] To increase uniformity of the tightness of the layers of a formed media pack 104,
it can be beneficial to generally maintain the web 106 in a state of wrapping as the mandrel
212 rotates. When the major axis 286 of the media pack 104 is perpendicular to the feed
path 134, the web 106 is wound around the end of the media pack 104 and is wound
relatively tightly in comparison to when the major axis of the media pack 104 is parallel to
the feed path 134 as the web 106 is wound on to the sections of the media pack 104
extending between the ends.

[0091] To compensate for the varying tightness of the wrap, the illustrated winding
apparatus of FIGS. 23 and 24 includes a feed path adjuster 410 positioned proximate the
feed path 134 that varies the feed path 134 depending on the angular orientation of the
media pack 104. The feed path adjuster 410 includes a roller 412 over which the web 106
rides. The roller 412 is driven in a direction generally transverse to the feed path 134 by
actuator 414 to adjust an angle the feed path 134 between the feeder and the mandrel 212
approaches the mandrel 212. As illustrated in FIG. 24, the major axis 286 is approaching an
orientation close to parallel with the feed path 134. In this arrangement, the feed path
adjuster 410 is extending to alter the angle at which the feed path is oriented relative to the
major axis 286. As illustrated in FIG. 23, the feed path 134 is approaching being
perpendicular to the major axis 286 and the web 106 is being wound proximate an end of
the media pack 104. In this state, the feed path adjuster 410 is contracted to prevent over
tightening the wrap of the web 106 as it is wound to the ends of the media pack 104.

[0092] A further embodiment of a winding apparatus 500 is illustrated in FIGS. 25 and
26. The winding apparatus 500 includes a web wrapping apparatus 510 for facilitating
maintaining a constant wrap tightness of the wound layers of the media pack 104, as the

web 106 is wound. The web wrapping apparatus 510 presses the layers of web inward
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toward the tooling by pressing against the outermost layer of web. As illustrated, the web
guide system 510 includes a plurality of rollers 512 mounted to linear actuators 514 for
movement relative to the axis of rotation 114 of the media pack 104 as the media pack 104
is wound. Preferably, the linear actuators 514 are substantially angularly spaced about the
axis of rotation and the action of the actuators 514 surrounds the media pack 104 with a

constant pressure as the media pack 104 rotates about axis 114.

[0093] Because the media pack is elongated, the rollers 512 are driven inward and
outward relative to the tooling and axis of rotation as the orientation of the media pack 104
changes during winding. The actuators 514 may be pneumatic, hydraulic and the like and
may be operatively connected to a common accumulator to provide feedback between the
actuators such that retraction of one actuator assists extension of another actuator.
Alternatively, the actuators 514 could be a plurality of spring members that bias the rollers
512 towards the tooling to maintain pressure against the outermost layer of the media pack
104. The web guide system 510 may beneficially prevent relaxation along the minor axis of
the intermediate segments of the media pack 104 that extend between the ends of the media
pack 104. This assists maintaining the elongated shape of the media pack 104 during

winding and maintaining the intermediate segments against one another and the tooling.

[0094] FIG. 27 illustrates a wound media pack 104 being removed from the mandrel
212. As shown therein, the media generally takes the desired elongated shape of the
finished media pack. Preferably tape is applied shortly after winding is completed and the
trailing edge of the media is cut. The tape is applied to prevent as much unraveling or
loosening of the wound media pack as possible. The operator 274 grasps the wound media
pack 104 proximate the minor axis 284 of the media pack 104 to remove the media pack
104 from the mandrel 212. With the operator 274 grasping the media pack 104, the tools
266, 268 may be transitioned axially away from each other thereby disengaging the tools
266, 268 from the web 106 and more particularly from the longitudinal sides of the leading
portion of the web 106 proximate the leading edge 152. Prior to winding another media
pack 104, the tools 266, 268 are axially transitioned toward one another to engage a new
section of web 106.

[0095] Because the media pack 104 is wound directly to an elongated or oblong shape
(i.e. non-circular), the operator 274 preferably grasps the media pack 104 along the minor
axis 284 to prevent relaxation of the media pack 104 and to maintain the elongated shape as
the media pack 104 is transferred to a fixturing apparatus 282 (See FIG. 28).
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[0096] While the media pack 104 was depicted as being manually removed from the
mandrel 212, removal of the media pack from mandrel 212 and transferring it to the

fixturing apparatus 282 could be automated.

[0097] The media pack 104 is fixtured to maintain and support the media pack 104 in
the elongated shape while curing or setting of the seal bead 143, or any other seal bead, that
is applied during winding. Additionally and optionally, the media pack 104 may also be
compressed to tighten the innermost central leading portion of media that was initially
engaged by the tooling, which has been removed. Boards and other types of core inserts
may be utilized to fill the void (if any) left by tool removal. Also the center area can also be
filled with additional sealing material after winding. The fixturing may also be used to
correct any inadvertent relaxation that has occurred. FIGS. 28, 29 illustrate fixturing or
otherwise securing a media pack 104 in the race track or elongated shape with a fixturing
apparatus 282 while the seal bead 143 cures. The illustrated fixturing apparatus 282 secures
the media pack 104 along the minor axis 284 to maintain the shape formed during winding
and to prevent relaxation of the media pack 104. After being removed from mandrel 212,
the media pack 104 is placed between a top plate 281 and a table 283 of the fixturing
apparatus 282. With the media pack 104 positioned between the top plate 281 and the table
283, the top plate 281 is actuated (e.g with an actuator, spring or weight/or being weighted)
to press against the intermediate segment of media pack 104 along the minor axis 284 to
maintain the media pack's shape. The top plate 281 may be operatively positioned such as
by being manually positioned by an operator manipulating a lever or by being automatically
positioned by an automated actuator. Preferably, the fixturing device 282 maintains the
media pack 104 such that there is only a limited gap at the center 288 of the media pack
104, such as illustrated in FIG. 29. This limits the amount of area of the media pack 104
that is not used for fluid filtration. The center 288 of the media pack 104 is typically sealed
by the seal bead 143 that is applied during winding.

[0098] FIGS. 30 and 31 illustrate an alternative fixturing apparatus 282' that includes a
top plate 281" that functions much like the top plate 281 of the previous fixturing apparatus
282. This fixturing apparatus 282" includes a pair of end plates 287' that generally align
with the major axis 286 of the media pack 104 and apply pressure to the ends of the media
pack 104. The end plates 287" are preferably arcuate plates having a curvature substantially
equal to the desired curvature of ends of the ultimate media pack 104. The top plate 281
helps maintain the width of the media pack 104 along the minor axis 284 while the end
plates 287" maintain the length of the media pack 104 along the major axis 286 as well as
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maintain the accuracy of the curvature of the ends of the media pack 104 as the sealant bead

143 cures.

[0100] Actuators 290" operably coupled to the end plates 287" drive the end plates 287'
along the major axis 286. After being removed from the mandrel 212, the media pack 104
is placed in the fixturing apparatus 282' with the top plate 281" and end plates 287' retracted,
as illustrated in FIG. 30. Then, the top plate 281' and end plates 287" are driven towards the
media pack 104 to secure the media pack 104 while the seal beads cure. In the illustrated
embodiment, the end plates 287" abut against the top plate 281" after they have been actuated
to fixture the media pack 104. However, other configurations are contemplated such as
where the end plates 287" do not contact the to plate 281' or that do not slide along the table
283 or that do not extend completely along the ends of the media pack 104.

[0101] As discussed previously, an applicator 142 may be provided for dispensing a seal
bead 143 to the web 106 during winding. FIGS. 32 and 33 illustrate a seal bead 143 being
applied along a preferred bead path 243. The seal bead 143 seals one end of the flutes as is
generally known in the art. The bead path 243 is designed to prevent the bead of sealant
143 from contacting the tools 266, 268 during winding.

[0102] As illustrated, the bead path 243 starts proximate the leading edge 152 of the
web 106. The beginning of the bead path 243 starts at a location spaced a distance D1 from
the longitudinal sides that is sufficiently interposed between the opposed tools 266, 268 to
prevent the sealant bead 143 from contacting either of the tools 266, 268. In the illustrated
bead path 243, the bead path first extends longitudinally a first length L1 from the leading
edge 152. This first portion is generally parallel to the longitudinal sides of the web 106.

[0103] Next, the bead path 243 transitions laterally toward one of the longitudinal sides
of the web 106. To prevent any of the sealant 143 from contacting the tool engaging the
longidtudinal side of the web 106, the portion of the bead path 243 that transitions toward
the longitudinal edge does not pass across any portion of the web, i.c. a no application zone
289 illustrated in dashed lines, that directly contacts or is other wise adjacent to the outer
periphery of the tools 266, 268 when the web 106 is wound. The no application zone 289 is
located proximate the longitudinal side of the web 106 and is approximately equal to the
length of the outer periphery of the tools 266, 268. The no application zone 289, extends
laterally from the longtidunal side approximately the distance that the tools 266, 268
overlap the longitudinal sides of the web 106. Preferrably, the no application zone 289

extends a sufficient distance beyond the overlap amount to provide a buffer to prevent any

22



WO 2009/009374 PCT/US2008/069029

scalant 143 that settles or leaches during winding from contacting the tools 266, 268. The
transition portion terminates at a second distance D2 from the longitudinal side of the web
106.

[0104] In one embodiment of the winding apparatus, the applicator 142 is movable
relative to the mandrel 212 both laterally between the longitudinal sides of the web 106 as
well as longitudinally along the bead path 243. In one method of applying the sealing bead
143, the applicator 142 moves along the bead path 243 until it reaches the end of the
transition portion, prior to beginning winding of the web 106. Once the applicator 142
reaches this position, it remains at this position substantially until the media pack 104 is
completely wound or at least until the sealant bead has been applied substantially the entire
longitudinal length of the web 106 used to form the media pack 104. Once the sealant bead
143 has reached the end of the bead path 243, the applicator 142 stops applying sealant.
The applicator 142 may be moved out of the way of the feed path to promote ease of

removal of the media pack.

[0105] While the preferred embodiment has the applicator 142 start proximate the
leading edge 152 and interposed between the two tools 266, 268 and then transition
longitudinally away from the leading edge 152, alternatively, the applicator 142 could
remain at a constant longitduinal position along the feed path 243 and move laterally and
overlap one of the tools 268 to position the last portion of the bead proximate one of the
longitudinal sides. In this situation, the applicator 142 would not be moved laterally to
overlap the tool 268 until the tool 268 has been sufficiently wound with web 106 so as to
prevent sealant from contacting the outer periphery of the tool 268. Using this method, the
seal bead 243 would transition from being applied to the fluted sheet to the face sheet after

the leading section of the web 1066 was wound.

[0106] Further, while the first bead path 243 was illustrated as starting out with a
portion that runs substantially parallel to the longitudinal sides of the web 106, FIG. 34
illustrates an alternative bead path 243’ that begins with a transitioning portion that
transitions from the starting point proximate leading edge 152 toward one of the sides of the

longitudinal edges, again with the transition portion bypassing the no application zone 289.
[0107] As discussed previously with reference to FIG. 11, it can be beneficial to cut the

leading edge 152 of the web 106 through a peak 105 of the flute. However, this requires
sealing that flute. In one method, the applicator 142 applies a lateral seal bead to the
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leading end 152 of the web 106 prior to applying the longitudinal extending seal bend 143.

Applying the lateral bend may also be done manually or using an alternative applicator.

[0108] FIGS. 35 and 36 illustrate an alternative tool 366 for use with mandrel 212.
While only one tool 366 is illustrated, it will be understood the tool 366 typically forms part
of a pair of tools when used with a mandrel 212, similar to the pair of tools 266 and 268
discussed previously. The tool 366 has an elongated shape for facilitating directly winding
the web 106 into a oblong or elongated shape. Tool 366 may be removably secured to the
mandrel 212 in a similar manner as the tools 266, 268. The illustrated tool 366 similarly
include a slot 370 for receiving and otherwise engaging the longitudinal side of the web
106.

[0109] This tool 366 includes a ribbed catch in the form of hinged member 374 that acts
to engage the peaks 105 and valleys 107 of the web 106 to secure the web 106 in the slot
370. The hinged member 374 includes a tool face 376 that is adjacent to and forms part of
one of the walls forming the slot 370 and an outer face 378 on an opposed side of the hinged
member 374 as the tool face 376. Tool face 376 includes a plurality of peaks 380 and
valleys 382 that correspond to and cooperate with valleys 107 and peaks 105, respectively,
of the web 106 to increase the securement of the web 106 relative to the tool 366.

[0110] The hinged member 374 is pivotally mounted to a body 384 of the tool 366 by
hinge 386. When the leading section of the web 106 is inserted into the slot 370 along a feed
direction 388, the hinged member 274 will pivot relative to the hinge 386 to allow the web
106 to pass by the peaks 380 and valleys 382 of the slot face 376. In a preferred
embodiment, when the hinged member 374 is engaged with web 106, the hinged member
374 is configured such that loading applied in a direction opposite the feed direction 388
causes the hinged member 374 to be biased towards the web 106 securing the web 106
within the slot 370. Alternatively, the tool 366 could include a clasp or catch that
operatively secured the hinged member 274 in a closed position to prevent the hinged

member 374 from opening and releasing the web 106.

[0111] The illustrated tool 366 incorporates another feature that may or may not be
incorporated into this or other tool designs. The tool 366 includes structure to secure a filter
core 396 (See FIG. 37) to the mandrel 212 such that the mandrel 212 can be used to wind
either cored media packs or coreless media packs. When winding a cored media pack, the

core 396 remains with the media pack after it is removed from the mandrel 212.
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[0112] With reference to FIGS. 35 and 36, the tool 366 includes a pair of posts 392, 394
that extend generally parallel to the axis of rotation 114 of the mandrel 212. The posts 392
arc used to secure the core 396 between the tools 366, 368, when attached to the mandrel
212. The core 396 includes corresponding receptacles (not shown) for receiving the posts
392, 394. While the posts 392, 394 extend generally parallel to the axis of rotation 114,
other configurations could be used. The configuration of the posts and the receptacles of
the core are configured to permit the tools of the mandrel to be axially transitioned away
from one another to release the wound media pack, as discussed previously. Further, the
core 396 may be, but need not be, secured to both tools 366, 368. As illustrated, the core
396 has a width W that is shorter than the length L (see for reference FIG. 18) of the major
axis of the tools 366, 368 by preventing relaxation. The core 396 can be used to maintain
the elongated or oblong shape of the resulting media pack when it is removed from the tools
366, 368. The core 396 could have a width W that is greater than the length L of the tools
366, 368.

[0113] FIGS. 38 and 39 illustrate a further alternative tool 466 for use with mandrel
212. While only one tool 466 is illustrated, it will be understood that tool 466 forms part of
a pair of tools when used with a mandrel 212, similar to the previously discussed
embodiments. Similar to the previous tools, the tool 466 includes a channel or slot 470 for
engaging and receiving a longitudinal side of the web 106. The slot 470 is not open on both
ends. The slot 470 has opening 473 at one end and end wall 475 closing the other end. This
configuration can be used to locate the leading edge 152 and leading portion of the web 106
relative to the tool 466. The end wall 475 interferes with the travel of the web 106 in the
feed path direction 488 to stop and locate the leading edge 152 of the web 106 relative to
the tool 466.

[0114] This embodiment illustrates that the outer periphery of the tools may be
varied. In this embodiment, the portion of the tool 466 around which the web 106 is wound
has a generally elliptical cross-section. This varied shape can be used to vary the ultimate
shape of the media pack 104 after winding. Further, this embodiment illustrates that slot
470, which receives the longitudinal side of the web 106, need not be parallel with the
major axis 484 of the tool 466.

[0115] FIGS. 40 to 41 illustrate a further embodiment of a tool 566 for use with
mandrel 212. The tool 566 includes a plurality of prongs including a row of top prongs 572
and a row of bottom prongs 574. The web 106 is wound around an outer periphery

generally defined by the individual prongs 572, 574 to form the media pack 104. The body
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584 of the tool 566 includes a plurality of receptacles 586 for adjusting the position of the
prongs 572, 574. By adjusting the spacing and positioning between the prongs 572, 574, the
internal major axis and internal minor axis and consequently the ultimate shape of a
resulting media pack 104 can be altered. Additionally, this embodiment permits the tool
width to be less than the width/depth of the leading portion of the media if desired.

[0116] The two rows of prongs 572, 574 are spaced apart and combine to define a
boundary that forms of a slot or channel 570 there between. The channel 570 receives the
web 106. In FIG. 41, the top and bottom prongs 572, 574 are spaced apart farther than the
thickness of the web 106 to easily slidingly receive the web 106 in an end opening 571 of
the slot 570.

[0117] The portion of the surfaces of the row of top prongs 572 that face the row of
bottom prongs 574 combine to form a tool face, albeit a discontinuous tool face. Similarly,
the portion of the surfaces of the row of bottom prongs 574 that face the top prongs 572
combine to form a discontinuous tool face. As illustrated in FIGS. 41 and 42, the web 106

is received on the tool face defined by the bottom prongs 574.

[0118] While the illustrated tool 566 includes three top prongs 572 and three bottom
prongs 574 in each row, the tool 566 need not include that many prongs. The middle two
prongs 572, 574 of each row are merely used for support of the media as it is initially fed

into slot 570 and as it is wound around the tool 566.

[0119] Further, as illustrated in FIG. 42, the top row of prongs 572 could be adjusted to
the middle row of receptacles 586 to adjust the engagement of the tool 566 with the web
106. In this configuration the gap between the top row of prongs 572 and the bottom row of
prongs 574 is less than the thickness of the web 106 at a peak 105. In this configuration, the
top prongs 572 insert into and penetrate valleys 107 between adjacent peaks 105 of the web
106. This configuration can reduce the amount of slip that the web 106 may experience
during the initial winding of the leading portion of the web 106. Slippage does not affect
the defined major axis however, because the media is wrapped around the tooling in which
the exterior of the tooling can be utilized to define the major axis of the resulting media
pack. When using this tooling, it may be required to transition the opposed tools towards
cach other to engage the web 106. As the tools 566 transition towards one another, the
prongs 572 will insert into the valleys 107 and the bottom prongs 574 will pass below the
face sheet. Alternatively, the prongs 572 may insert directly into a flute.
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[0120] All references, including publications, patent applications, and patents cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in

its entirety herein.

[0121] The use of the terms "a" and "an" and "the" and similar referents in the context
of describing the invention (especially in the context of the following claims) is to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms "comprising,” "having," "including," and
"containing" are to be construed as open-ended terms (i.e., meaning "including, but not
limited to,") unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., "such as") provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise

claimed. All geometric references such as "radial,” "annular,” "diametric," "concentric,”

"upper," "lower," "inner," "outer," "forward," "back," and the like, are exemplary only and

are not to be construed as limitations on the invention.

[0122] No language in the specification should be construed as indicating any non-

claimed element as essential to the practice of the invention.

[0123] Preferred embodiments of this invention are described herein, including the best
mode known to the inventor for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventor expects skilled artisans to employ such variations as
appropriate, and the inventor intends for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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WHAT IS CLAIMED IS:

1. A method of forming an elongated fluted filter media pack, comprising;:

supplying a face sheet and a fluted sheet that are joined together to provide a fluted
filter media,

engaging a first side of the fluted filter media with a first tool and a second side of
the fluted filter media with a second tool;

defining an internal major axis of the filter media pack with at least one of the first
and second tools to generally establish the elongated shape of the media pack; and

winding the fluted filter media through rotation of the first tool and second tools.

2. The method of claim 1, further comprising transitioning the first and second
tools axially toward each other prior to winding and transitioning the first and second tools

away from each other after winding.

3. The method of claim 1, further including applying a seal bead to the fluted
filter media along a bead path, wherein the bead path begins at a position substantially at a
leading edge of the fluted filter media and at a first distance from the first side of the fluted
filter media being between the first and second tools and the bead path extends
longitudinally away from the leading edge and laterally to a second distance from the first

side of the fluted filter media, the second distance being less than the first distance.

4. The method of claim 3, wherein while engaging the first and second sides,
the first and second tools overlap the first and second sides a third distance, the third
distance being less than the first distance and greater than the second distance, and wherein
the seal bead application path does not cross any portion of the fluted filter media that is

directly adjacent either the first or second tool when the fluted filter media is wound.

5. The method of claim 1, wherein winding the fluted filter media is coreless
winding such that a core does not remain with the media pack after the media pack is

formed.

6. The method of claim 1, wherein winding the fluted filter media layer
includes winding the fluted filter media layer around a core operably mounted to at least one
of the first and second tools, the core remaining with the media pack after the media pack is

formed.
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7. The method of claim 6, wherein the core is slightly shorter in width than a
length of the first and second tools, and the method further includes maintaining, at least
partially, the internal major axis with the core after the media pack is removed from the first

and second tools.

8. The method of claim 1, wherein engaging the first side includes trapping the
first side in a first slot of the first tool and engaging the second side includes trapping the

second side in a second slot of the second tool.

9. The method of claim 8, wherein the fluted sheet forms peaks and valleys and
trapping the first side and trapping the second side includes engaging a valley of the fluted
sheet with an edge of each of the first and second tools, the edges extending transverse to

the first and second sides of the fluted filter media.

10. The method of claim 8, wherein the fluted sheet forms adjacent peaks and
valleys and trapping the first side and trapping the second side includes engaging the first
and second sides with corresponding peaks and valleys of first and second hinged members

of the first and second tools, respectively.

11. The method of claim 1, wherein defining the internal major axis substantially
establishes the elongated shape of the wound fluted filter media pack without requiring

deformation.

12. A method of forming an elongated fluted filter media pack, comprising;:

supplying a face sheet and a fluted sheet that are joined together to provide a fluted
filter media,

engaging a first side of the fluted filter media with a first tool having a first slot
including a first tool face;

receiving a leading section of the face sheet on the first tool face;

defining a major axis prior to winding of the elongated fluted filter media pack with
at least one of a first length of the first tool face and a second length of the leading section
that is received in the first slot;

winding the filter media to form wound layers of the filter media.

13.  The method of claim 12, wherein engaging includes engaging a second side
of fluted filter media with a second tool having a second slot defining a second tool face, the

first and second slots being elongated slots, and wherein engaging further includes inserting
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a leading section of the fluted filter media into the second slot such that the leading section

of the face sheet is received on the second tool face.

14. The method of claim 13, further comprising generally maintaining an
clongated shape of the fluted filter media pack as defined by the major axis such that the

fluted filter media pack does not relax.

15. The method of claim 14, wherein maintaining the elongated shape includes

fixturing the fluted filter media pack after winding to prevent relaxation or unwinding.

16.  The method of claim 15, further including providing a seal bead between the
wound layers of the filter media, and wherein fixturing includes clamping the media pack in

a direction perpendicular to the major axis while curing of at least the provided seal bead.

17. A method of forming an elongated fluted filter media pack, comprising;:

supplying a face sheet and a fluted sheet that are joined together to provide a fluted
filter media,

providing a leading section of the fluted filter media about which the fluted filter
media pack is to be wound;

defining an internal major axis of the media pack to generally establishing the
clongated shape of the media pack;

feeding the fluted filter media to a winder along a first direction;

winding the fluted filter media, to form layers of fluted filter media, at a variable
rotational speed about the leading section, including winding more quickly when the major
axis is transverse to the first direction as opposed to when the major axis is generally

parallel to the first direction.

18. The method of claim 17, wherein the rotational speed of the winding is

continuously varied.
19. The method of claim 18, wherein the rotational speed of the winding is
ramped up as the major axis approaches being transverse to the first direction and is ramped

down as the major axis approaches being generally parallel to the first direction.

20. The method of claim 19, wherein feeding includes feeding at a substantially

constant speed.
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21. The method of claim 20, wherein the filter media is fed at substantially
constant tension and the tools are driven with varying torque to maintain the tension of the

media.

22. A filter winding apparatus for winding elongated fluted filter media packs,
comprising:

first and second tools rotatable about an axis of rotation, the first and second tools
being axially spaced apart from one another along the axis of rotation, each of the first and
second tools defining an outer periphery having a major axis generally perpendicular to the
axis of rotation that is greater than a minor axis that is generally perpendicular to the axis of
rotation and the major axis and defining a slot for receiving a longitudinal side of a leading
section of a layer of fluted filter media, the tools having non-circular exterior peripheries
such that the tools are configured for making oblong media packs ; and

a drive mechanism operably coupled to the first and second tools for rotating the

first and second tools about the axis of rotation.

23. The filter winding apparatus of claim 22, wherein each of the first and
second tools include spaced apart plates that define the slot therebetween, each plate

defining a tool face that generally faces the tool face of the other plate.

24. The filter winding apparatus of claim 23, wherein each of the slots extend
along the major axis and include an end opening for receiving the longitudinal side of the
leading section in a direction perpendicular to the axis of rotation, and a side opening
opening in a direction generally parallel to the axis of rotation in such a manner that the

leading section can extend between the first and second tools.

25. The filter winding apparatus of claim 22, wherein the outer peripheries of the

first and second tools have a generally elliptical cross-section.

26. The filter winding apparatus of claim 22, wherein the first and second tools
cach include a hinged member that includes a contoured face including projections that

extend into the slots for engaging peaks and valleys of the fluted filter media.

27. The filter winding apparatus of claim 26, wherein the hinged member opens
by rotating in a first direction while fluted filter media is inserted in the slots in a second
direction, but is prevented from opening by rotating in the first direction when the fluted

filter media is pulled in a third direction being opposite the second direction.
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28. The filter winding apparatus of claim 22, wherein each of the first and
second tools is formed by a plurality of spaced apart prongs, the prongs generally defining

the outer periphery of each tool, the spaced apart prongs defining the slot therebetween.

29. The filter winding apparatus of claim 28, wherein the spacing of the prongs
is adjustable.

30. The filter winding apparatus of claim 22, wherein the first and second tools
are axially moveable relative to one another toward and away from one another along the

axis of rotation.

31. The filter winding apparatus of claim 22, wherein the first and second tools

are removable from the drive mechanism.

32.  The filter winding apparatus of claim 22, wherein the tools include core
attachment devices that permit a filter core to be attached to the tools and released from the

tools when by moving the tools away from one another.

33. The filter winding apparatus of claim 22, wherein the major axis is greater
than five flutes of the filter media and the minor axis is greater than the width of two flutes
of the filter media.

34.  An apparatus for forming a fluted filter media pack comprising:

first and second tools rotatable about an axis of rotation, the first and second tools
being axially spaced apart from one another along the axis of rotation, each of the first and
second tools defining an outer periphery having a major axis generally perpendicular to the
axis of rotation that is greater than a minor axis generally perpendicular to the axis of
rotation and the major axis and further defining an engaging slot for recieving a longitudinal
side of a leading section of a layer of fluted filter media;

a drive mechanism operably coupled to the first and second tools for rotating the
first and second tools about the axis of rotation;

a feeder for feeding filter media to the first and second tools along a filter media
feed path;

a sealant applicator for applying sealant to the filter media; and

a cutter for severing the filter media.

32



WO 2009/009374 PCT/US2008/069029

35. The filter winding apparatus of claim 34, wherein the sealant applicator is
transitionable along a sealant application path that extends from a first position interposed
between the first and second tools and a second position offset from the first and second
tools along the filter media feed path towards the feeder and laterally offset from the first

position to be in line with one of the first or second tools.

36.  The filter winding apparatus of claim 34, wherein the feeder feeds the fluted
filter media to the first and second tools at a constant rate, and wherein a rotational speed of
the first and second tools about the axis of rotation is continuously variable, including a
higher rotational speed when the major axis of the outer peripheries are transverse to the
feed path as opposed to when the minor axis of the outer peripheries are transverse to the
feed path.

37. The filter winding apparatus of claim 36, wherein the drive mechanism

drives the first and second tools with a constant torque.

38. The filter winding apparatus of claim 34 further including a fixation device,
the fixation device including a clamp adapted to secure a media pack of wound filter media
in a fixed orientation as the sealant sets by pressing against an outer periphery of the

mediapack in a direction perpendicular to the major axis.

39. The filter winding apparatus of claim 34, further comprising a web wrapping
apparatus positioned proximate the mandrel, the web wrapping apparatus including a
plurality of rollers angularly spaced about the axis of rotation and movable generally toward

and away from the axis of rotation.

40. The filter winding apparatus of claim 39, wherein the web wrapping
apparatus includes a plurality of actuators, each actuator operably connected to one of the

rollers to facilitate transitioning the rollers toward and away from the axis of rotation.
41.  The filter winding apparatus of claim 39, wherein each roller of the web
wrapping apparatus is operably coupled to a spring, the spring of each roller facilitating

movement of the roller toward and away from the axis of rotation.

42. The filter winding apparatus of claim 34, further comprising a feed path
adjuster between the feeder and the tools, the feed path adjuster adjusting the feed path.
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43. The filter winding apparatus of claim 42, wherein the feed path adjuster
includes a roller being movable in a direction transverse to the feed path to adjust the feed

path.

44. The filter winding apparatus of claim 43, wherein the roller is operably

mounted to an actuator for moving the roller to adjust the feed path.

45. The filter winding apparatus of claim 34, further including a plurality of
dancing rollers interposed between the feeder and the tools, the dancing rollers forming a
serpentine portion of the feed path, the rollers adjusting the feed path in response to

variations in the tension of the filter media being wound around the tools.

46. The filter winding apparatus of claim 45, wherein each dancing roller is

operably mounted to a spring for movement to adjust the feed path.

47. The filter winding apparatus of claim 45, wherein each dancing roller is
operably mounted to a linear actuator, the actuator driving the dancing roller to adjust the
feed path.

48. The filter winding apparatus of claim 34, further comprising a tension feed
back device positioned adjacent the feed path between the feeder and the first and second
tools in such a manner that as filter media is wound using the tools, the filter media rides

across the tension feed back device.

49. The filter winding apparatus of claim 48, wherein the tension feed back

device 1s a roller mounted to at least one load cell.

50. A method of winding filter media into media packs with a winding apparatus
comprising:

engaging filter media with a first tool of the winding apparatus;

winding the filter media about the first tool to form a first filter media pack having a
first cross-sectional shape;

engaging filter media with a second tool of the winding apparatus; and

winding filter media about the second tool to form a second filter media pack having

a second cross-sectional shape, different than the first cross-sectional shape.
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51. The method of claim 50 further comprising replacing the first tool with the
second tool.

52. The method of claim 51, wherein replacing includes removing the first tool

from the winding apparatus and then attaching the second tool to the winding apparatus.

53.  The method of claim 50 further comprising replacing the second tool with
the first tool.

54. The method of claim 50 wherein the first cross-sectional shape is circular

and the second cross-sectional shape is elongated.

55. A method of winding filter media into media packs with a winding apparatus
comprising:

winding filter media with the winding apparatus to form a filter media pack having a
first cross-sectional shape;

winding filter media with the winding apparatus to form a filter media pack having a
second cross-sectional shape, the second cross-sectional shape being different than the first

cross-sectional shape.

56.  The method of claim 55 wherein winding filter media with the winding
apparatus to form a filter media pack having a first cross-sectional shape includes winding
the filter media about a first tool having a first outer peripheral shape and winding filter
media with the winding apparatus to form a filter media pack having a first cross-sectional
shape includes winding filter media about a second tool having a second outer peripheral
shape different than the first.

57. A method of forming an elongated fluted filter media pack, comprising:

supplying a face sheet and a fluted sheet that are joined together to provide a fluted
filter media,

winding the fluted filter media to form a plurality of layers of fluted filter media in
such a manner to form an elongated media pack having a major axis; and

fixturing the media pack along in a direction perpendicular to the major axis to

maintain the elongated shape.
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58.  The method of claim 57 further including removing the media pack from a
winding apparatus used for winding the fluted filter media, wherein removing is performed

prior to fixturing.

59.  The method of claim 57 further including fixturing the media pack along the

major axis.

36



PCT/US2008/069029

WO 2009/009374

1/35

FIG. 1 100~

132

130

FIG. 14 3% 166

172

168




PCT/US2008/069029

WO 2009/009374

2/35




PCT/US2008/069029

WO 2009/009374

3/35




WO 2009/009374 PCT/US2008/069029

4/35




PCT/US2008/069029

WO 2009/009374

5/35




PCT/US2008/069029

6/35

WO 2009/009374

130
132




WO 2009/009374 PCT/US2008/069029
7/35

r— 7 '\ @ 1

| |

| @ - n |
| ° o |

| 2 ~ |

| |

| |

) o

N

|

|

|

_i




PCT/US2008/069029

8/35

WO 2009/009374

130
132




PCT/US2008/069029

9/35

WO 2009/009374




PCT/US2008/069029

10/35

WO 2009/009374

FIG. 10 126
N\
130
132 120
124
|
e N 136
! 116
lllllll 164




PCT/US2008/069029

WO 2009/009374

11/35

106

105

Y

_ 105

105

NI

~——

108

~——

109

148




PCT/US2008/069029

WO 2009/009374

12/35

FIG. 12

106

148 ——

113



WO 2009/009374 PCT/US2008/069029

13/35

FIG. 13

120

122

106

Q | 124




000000000000000000000000000000

14/35

GlL Old




WO 2009/009374 PCT/US2008/069029

15/35

c8l




PCT/US2008/069029

WO 2009/009374

16/35

276

278

FIG. 18



WO 2009/009374 PCT/US2008/069029

17/35




WO 2009/009374

PCT/US2008/069029

18/35

-
VAVAUAUS
N

107 ——134



PCT/US2008/069029

WO 2009/009374

19/35

r--"—""""=""=""""">""”"”"=/- " =~"~“"=~"“"=—/—"== | I

L™ -

!

!

!

122 _
_

_

142




PCT/US2008/069029

WO 2009/009374

20/35




PCT/US2008/069029

21/35

WO 2009/009374

142

-
N
E-N
(5
—_
Q
(0))
)
N
/
i
!
i
-1
{
!
|
I

-
(&%)
(0)]
=
|
-
E-N
o0
-
W
ELN
-
o
»
—_
(€))
N

/-—-
{1
‘ H
—
o
|
|
[
[ 1Th=us




PCT/US2008/069029

WO 2009/009374

22/35




WO 2009/009374 . PCT/US2008/069029

G¢ 9Old

23/35

009

Q¢ Q
M (—1‘1&.

O \ N

=:=—~.—
l-ll _“;\@.. U
a- 1 ll-l

l—-—ll-ll
- I-ll—'ﬂ
——
o
4} ~_Z
MO K

cle—"



PCT/US2008/069029

WO 2009/009374

24/35

I
! L
_ 506

S N
© !
/f'« SIS e
e I
- I
i I
i
| Ty
| Loy
_ LEo
_ : I
s~ .
| |
164 oo bemee - AR
s12-—F e g |t L
\\ 514 L7 sy \L_Z__-""C _ o
500 o
| |
|
]




WO 2009/009374 PCT/US2008/069029

25/35




WO 2009/009374

PCT/US2008/069029

26/35

282

281
>

DA A AT AT ST AT
O ATATAS

T S
Y ATATATATAYAYATATAYATATYAY, AT AYAYAYAY 4
A A A A A A AT A A,

TATAn AT Y
‘,4‘5‘4?5‘:.;‘3:;:,“:.:.‘mv‘vg..‘.Av‘uv. TATATAATATATAT A A AV AT,
A A A e
R R R A N A TS e
D A AvATAY AT AT AAYS A A AT AT ATV
N AT A A
e R R e R N TR 2
2 ‘,:-»1.-0 »‘,‘f:-.uw.mv‘unvm AV ATy A
X ¥ SATY,
L A AT A A A A A A A A AT,
AT A A VA A AT A AT AT ATATL Ty o
A R A A T P AN,
e S A S ARt
7l > 2% AATTATAT VARG 0
SRR AT ST, &
¥ SRRRNACASSEN X
RRIRRYT AR IS 0
R R R AR NN R
AR X ARV AR AR
SR SR
INANASE PRERRRKRACAVA R
KRR R RENRKERK]
KRR KARRERDRRRKKRRC)
RSO0 R R RREE
PRRRACEN . o~ LRSI R
) ROy TR T Trarr L G R A R
DRy R A R A R A TP
AR R D R o R s I D I AN NS
e A D A N A R N
B R N e A R e R R S A AN O
R D R S S L R A A R e S R S e A A A A D P AR
N R R e
N N N
QAN A “,‘:.g:;:;\v,::.nvﬂ:;:v: T A AN TAAVsYATA u;..vvp‘,}.'.;,_t"::-;‘;g,‘;ﬁ;‘&
& N A A R R LR
e A A S A R R A A S A o s O
X AT R R A R R AR AT R DA
O R A R A A e R R N R R R I A2
A A ¥ B wa AV VAT ATATAYAYATAYAY Y YA T A VA A S R Er A TaY,
R T T e S
A A Y A AT AV AV AT AT AT AT VAT Ay v ATATE R Y 5
P R N N A R R R SR
R A A AR R A A A R RARA TSI
R R o A N R R N R N A AN DN
i RENRRR AR RN

& AARRARRRARRS 2R
AARRRARAN R R R SR IR

YaVAYAYAVAYAY LVAVAVAVAVAYAYAT

143

283

| 281

A A VAN YT AV AT VA VAT AT TAVATATAVA AT ATATAS S
e A AT TATATATAVATAVAVATATAVAVAVAS s
R R X S OO
T A ARSI
23
= A
SR
AN
TR,
QSRNERD
OO O
SRR
N
% NN GRS
IR TN,
e 3
X RN AV AR AYATATATATAVAT N ATAY 5
2 A A A A AT A Sl AN A
R A N A AR RARA R0
A T s As AN
K SRS K odd!
X 0 e, ALY o
5 RS SRR AR AR SIS e
RN RN SR NN KRR KK
BRIt 3 el Shiimvas i S A S KRREART
BRI PR Rsets SEYINAY: R
RV AR v ISR
BT AR I 7o, AR RN
ISV R R R S N N A A AR RS SRR NSO
Y YA AT Ay VAT A VA . S AVA VAV AVAVAT AV A AV AVATA A5 7 T
N N A TR AT Y A A T ar a D ARk
T T AT T g ety
A A A A Ty A A AR AT S SRR
R R A R S IR A A A L0 AN
N S N R A N A O %725
EA\_c‘\w;\»‘;::::‘v‘v.uuv.nv.vu.-Av.uuuvﬁv:uuuv.v.v.v.:’.:' A
A R S AT VA VA VA VAVAT VAV VATV A VATAY AT AVATLVAVAEAL LY )
R OO A RS RS BRSO DDA
R P go Y e




WO 2009/009374

287"

287"

290

PCT/US2008/069029

ATA YA AT va v
RO

0
Ny
W

W,
3
o

N

ST

..
3
3
ik

Ay

AT
e
T
A R
AT

TATAT VAT

0
N

N
w

3
T

S
T

S T

43,

D

X

I TITILTR

RGBT S

R

2
2o
AT

SN
Gt

R
PUREEERE

Y

AN,
AN NS RTOAN
SIS NGNS VR0,
AL SNSRI
AR N RN
SR, i,
£ o,
X
a5 C— ]
Al
i
FRREPREN
e et
COEIIES
s W s
e KPR
AR AR A AN IR ]
A R A AT AU g LAY
A S R SN
R R A AN ATy
SRR AR
A vavAT S 43 O
AT, AN
SR 7

R

287"

282

281"

287"

KK

104

KKK

Py
KK
O
KKKKK
OO

286

290

b))

288

284

FIG. 31



FIG. 32



29/35

FIG. 33



- FIG. 34



31/35

el

O
s |

iy
_—
\ 394

FIG. 35

FIG. 36



32/35

368 | ‘lbro

212 é‘?& 'il”r

O\ {!‘;\I
.\\‘ W '~

MN
. —



o

470

I
N

N 475

__

FIG. 38




WO 2009/009374 PCT/US2008/069029

34/35

574

FIG. 40

566

,/ 584
572 586 572 (586

586 586 572
570

/[ o T e
k574 k574 | \574\571

FIG. 41




WO 2009/009374

PCT/US2008/069029

35/35




	Page 1 - front-page
	Page 2 - description
	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 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings

