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'METHOD AND APPARATUS FOR FORMING MELT-BLOWN FILTER CARTRIDGES

‘HAVING MELT-BLOWN CORE ELEMENTS, AND THE FILTER CARTRIDGES
FORMED THEREBY

FIELD OF THE INVENTION

The présent invention relates generally to the field of fluid filtration. More
specifically, the present invention relates to cylindrical disposable filter cartridges and

‘methods and apparatus for making the same, whereby the filter cartridge includes a

core element and a non-woven, melt-blown filter medium surrounding the core element.

BACKGROUND OF THE INVENTION

Filter cartridges formed of a nonwoven mass of melt blown, indefinite (continuous)
length polymeric fibers are well known and have achieved widespread use in fluid
filtration applications. Typically, such melt blown filter cartridges are made by extruding a
polymer through orifices associated with a melt blowing die to form continuous length
fibers which are directed toward an axially elongate rotating mandrel. During melt
blowing, a flow of inert gas (e.g., air) acts on the molten fibers so as to attenuate the
fibers to relatively fine diameter and to randomly distribute the attenuated fibers onto the
mandrel. Over time, therefore, an annular mass of nonwoven, randomly intermingled
solidified fibers builds up on the mandrel. Controlled axial movement of the buitt-up
mass of melt blown fibers relative to the melt biowing die will therefore allow a cylindrical
filter cartridge of indefinite length to be formed continuously.

Such melt-blown filter cartridges have been proposed in the past to be produced
continuously with and without a separate core element. For example, coreless melt-
blown filter cartridges are known in the art through U.S. Patent No. 5,340,479 to
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Szczepanski et al (hereinafter “the Szczepanski et al ‘479 patent). Accordihg to the
Szczepanski et al 479 patent, coreless 'melt-blow'n filter cartridges are formed by
directing streams of polymeric fibers toward a rotating mandrel which serves to support
the melt-blown polyrheric filaments during the production process. The resulting tubular
filter portion is subsequently axially withdrawn from the mandrel and will include a central
support zone of non-woven polymer filaments and a filti'ation zone of non-woven

polymeric filaments surrounding the central support zone.

Tubular filter cartridgés having separate central core elements are also known. In
this regard, the attenuated streams of polymeric fibers are typically melt-blown onto a
rotating and axially translating core element where the fibers are allowed to build up into
a non-woven fibrous mass. The core element thus forms an integral central support
structure for the non-woven fibrous mass during both the production process and later
during filtration when the filter cartridge is placed into service. The formation of such filter -
cartridges with integral core elements is, however, somewhat problematic on a -
continuous production basis.

Several proposals exist in the art for producing filter cartridges having integral

- separate core elements on a continuous production basis. For example, U.S. Patent

Nos. 4,1 12,159 and 4,116,738 to Pall (hereinafter “the Pall ‘159 and ‘738 patents”, the
entire content of each being expressly incorporated hereinto by referehce) disclose the
temporary end-to-end joining of sequential preformed core elements by means of
coaxially interdigitated spacers so that the joined preformed core elements are capable
of being rotated and axially traversed as a unit relative to a melt-blowing die during the
continuous production of melt-blown filter cartridges. The melt-blown fiber layer is
subsequently cut at about the midpoint of the spacers leaving a lap which extends
beyond the core elements at-each end, thereby making it possible to pull off a filter
length by withdrawing the core portion of the next following spacer. Presumably, the
spacers removed from the filter lengths are then reused in the process disclosed in the
Pall ‘159 and ‘738 patents.

As an alternative to using preformed core elements, the Pall ‘159 and ‘738 patents
also disclose that the core element can be formed in situ by means of a continuous
rotatable tubular extrusion die. The core element is thus extruded continuously in tubular
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‘form with an open central passage, in a continuous length. Prior to receiving the melt-

blown fibers, the extruded core element is perforated or slit by cutting means to provide a
plurality of apertures for passage of fiuid therethrough into the central open passage of

the core.

The techniques disclosed in the Pall *159 and ‘738 patents are not without
disadvantages. For example, when using spacers as the means to couple preformed
tore elements in an end-to-end manner, care must be exercised that the melt-blown

“fiber media is cut at about the spacer’s midpoint, thereby limiting the maximum length

of the filter cartridge to the length of the preformed core element. Furthermore, the cut
cannot be made entirely through the melt-blown fiber media and the spacer, since to do
otherwise would result in sacrifice of the spacer thereby adding to the overall production
costs of the filter cartridge. On the other hand, the continuous extrusion of the core
slement necessarily involves the provision of a rotatable extrusion die and
bo_ré—perforation equipment which may not be cost effective in terms of already

preformed core elements.

More recently, a technique for producing continuously melt-blown filter cartridges

“having preformed core elements has been disclosed through U.S. Patent No. 5,653,833

to Mozelack et al (hereinafter “the Mozelack et al ‘833 patent’, the entire content of
which is expressly incorporated hereinto by reference). According to the Mozelack et al
‘833 patent, preformed thermoplastic elements are friction-welded coaxially in an end-

‘to-end manner so that the core elements are joined integrally one to another. The

integrally coaxially j’bined preformed core element can thus be rotated and traversed as
a unit refative to the melt-blowing die(s) during the continuous production of indefinite
léngth cylindrical melt-blown filter cartridges. Following melt-blowing of the polymeric

fibers onto the joined core elements, the filter cartridge preforms may be cut to desired

lengths (preferably on-line).

SUMMARY OF THE INVENTION

Broadly, the present invention relates to filter cartridges having a core element
formed of a non-filtering, self-supporting non-woven mass of indefinite length
continuous synthetic polymeric fibers, and at least one annular filtration zone layer
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formed of a mass of non-woven indefinite length. continuous synthetic polyfneric fibers,
and to the apparatus and methods for making such filter cartridges..

- Most preferably, the non-woven core element is formed in situ during filter
cartridge manufacturing by melt-blowing synthetic polyrﬁerjc fiber streams toward a
forming mandrel. The fibere forming the core element ere of sufficient diameter and/or
density to define a highly :o_pen cross-sectional non-woven matrix structure which does
not serve a filtration fhncﬁdﬂ_ under normal filtration conditiens, but yet impart sufficient
axial and radial rigidity to the core element sufficient to euppon the filtration zone fibers
during manufacture and during filtration. That is, once forrﬁed, the core element
provides a formation mahdrel onto which the subsequently melt-blown filtration zone
fibers may be accumulated. | o

lmportantly, the non-woven flbrous mass of the core element must be completely
sohdmed prior to the filiration zone flbers being melt-blown thereon That i IS accordmg
to the present invention, the filtration zone fibers are predommantly mechanically
interlocked with the fibrous mass forming the core element, instead of being meit-
bonded thereto. In such a manner, the relatively open pore structure of the core
element can be mamtamed in the finished filter cartndge product (i.e., so it does not
perform a filtration functlon)

~ Filter cartndges of predetermmed length may be cut from an upstream filter
cartndge perform of indefinite length havmg a melt-blown annular Iayer of non-woven
melt-blown filtration zone fibers surroundlng a melt-blown flbrous core element..
According to the present invention, fllter cartridges of very precise length can be
achieved by subjectlng the preform to forced cooling air to thereby minimize (if not
eliminate entirely) significant fiter cartridge shrinkage over time. In addition, a cutter
assembly is mounted laterally of the preform, but is capable of rate-éynchronized
longitudinal movement with the preform duririg the cutting operation. In this manner,
very precise cuts may be made through the preform which do not necessarily require

downstream trimming in order to achieve precise nominal filter cartridge lengths.
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These and otheff'aépects and advantages of thé present invention will become
more clear from the following detailed description of the preferred exemplary

embodiments thereof.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

Reference will hereinafter be made to the accompanying drawings, wherein like
reférence numerals throughout the various FIGURES denote like structurat elements,

and wherein,

FIGURE 1 is a schematic plan layout view of an exemplary preferred apparatus

in accordance with the present invention;

FIGURE 2A is a somewhat enlarged plan view of the melt-blowing subassembly

in accordance with the present invention that is employed to form the central core

etement and the annular zone of non-woven filtration fibers thereon;

FIGURE 2B is a somewhat eniarged plan view of the cooling subassembly in

accordance with the present invention;

FIGURE 2C is a somewhat enlarged plan view of the filter cartridge
cutting/transfer subassembly in accordance with the present invention;

FIGURE 2D is a somewhat enlarged plan view of the end-finishing subassembly

in accordance with the present invention;

FIGURE 3is an enlarged cross-sectional elevational view of the melt-blowing
subassembly shown in FIGURE 2A as taken along line 3-3 therein;

FIGURE 4 is a perspective view of the core-forming mandrel and core drive

systems;

FIGURE 5 is an enlarged end elevational view of the cooling subassembly
depicted in FIGURE 2B as taken along line 4-4 therein;
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- FIGURES 6A-6D are perspective views of the operational sequence 'used by the
cutting subassembly to seVQr the filter cartridge preform into predetermined filter -
cartridge lengths; '

FIGURE 7A-7D a_ré perspective views of an operational sequence used by the
transfer and end-finishing'sq:bassemblies in accordance with the present invention;

FIGURES 8A-8C are longitudinal side elevation view of the transfer and end-
finishing subassemblies in accordance with the present invention showing the
proportional movements of the principal structural components thereof to accommodate
filfer cartridges of different finished lengths; '

FIGURE9isa perspectlve view, looking upstream, of a secondary cuttlng sub-
assembly that allows the upstream productlon systems to remain operative during times
when the primary cutting system is inoperative (e.g., to allow saw blades to be changed
on the primary cutting sub-assembly), and

FIGURES 10A and 10B are photomicrographs taken at 20X and 35X
magnification, respectively, of an exemplary melt-blown core element of the present
invention which was made in accordance with the Example below.

DETAILED DESCRIPTION OF THE INVENTION

Accompanying FIGURE 1 represents é plan view of preferred equipment that
may be employed in the filter cartridge production appafatus FCA of the present -
invention. In this regard, the apparatus FCA is generally comprised of a core element
production sub-system 10, a filtration fiber production sub-system 100, a preform
cooling sub-system 200 and a cutting and transfer sub-system 300. In general, the
core element sub-system-10"serves to melt-blow a mass of non-woven fibers to form a
cylindrical core element. The non-woven core element is then continuously
longitudinally traversed past the filter fiber production sub-system 100 where filtration
fibers are melt-blown onto the continuously rotating and longitudinally translating core
element to form a sufficient radial thickness of non-woven melt-blown filtration fibers as
an annular filtration zone theréon. The filter cartridge preform is then continuously
traversed through the cooling sub-system 200 where chilled air is directed onto the
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_preform to ensure that dll of the fibers forming the same are solidified and cooled to

significantly minimize (if not prevent entirely) later shrinkage. The cooled filter cartridge
preform is then cut precisely into predetermined lengths in the cutting and transfer sub-
system 300. Individual ones of the filter cartridges cut to predetermined lengths may
then be transferred by the sub-system 300 to either a product collection bin PCB or to

“downstream finishing/packaging stations FPS as may be desired.

Accompanying FIGURE 2A depicts in somewhat greater detail the core element
production sub-system 10 and filtration fiber production sub-system 100. With regard

“to the core element production sub-system 10, it can be seen that a longitudinally

oriented (i.e., relative to the longitudinal axis. of the filter cartridge preform FCP and its
axial direction of movement during production) mandrel 12 is mounted to the machine
frame MF in a cantilever fashion at its near end 12a by means of bearing blocks 14.
The mandrel 12 is rotated in a selected rotation direction by drive belt 20 which couples
the output sprocket 22 of a motor (not shown) to the drive sprocket 24 rigidly carried by
the end 12a of mandrel 12.

Thermoplastic pellets are rendered molten by the core filament extruder EC and
transferred to the core filament die assembly DC via polymer line PL1. As is well
known, the molten polymer from the extruder EC is extruded through appropriatety
sized orifices associated with the melt-blowing die DC to form fibers which are directed
toward the rotating forming mandre! 12 with the aid of air flow. The fibers issued from
the die DC are thus collected on the mandre! 12 and are pressed by means of a press
roller 30 to form the core element (noted in phantom line in FIGURE 2A by reference
CE, but see also FIGURES 4 and 5).

The press roller 30 may be moved toward and away from the collected fibers by
means of a pneumatic cylinder assembly 34 so as to impart the desired pressure to the
core element fibers during formation. Furthermore, the press roller 30 is preferably
somewhat tapered in the upstream direction (i.e., slightly conically shaped) and angled
relative to the axis of the spindle 12 so as to accommodate the thickness dimension of
the core element CE as it is “built” by the accumulation of fiber streams issued from the
die DC. The angled orientation of the roller 30 will thus form an upstream gap between
an upstream end of the roller 30 and the immediately opposed surface of the mandrel
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12 which is of a lesser dimension as compared to the downstream gap between a
downstream end of the roller 30 and a corresponding opposed surface portion of the
mandrel 12. o -

As shown in FIGURE 2A, the die DC is most prefetebly misregistered (i.e., is not
in direct opposition) relatlve to the press roller 30. As a result of this misregistration, an
upstream portion of the flber streams issued from the d|e DC will initially accumulate
freely on the mandrel 12.without contact with the roller 30." Subsequently, this initial
accumulation of some upstream fibers issued from die _DC; is then forced through the
upstream nip space between the upstream end of the roller 30 and the mandrel 12 (i.e.,
due to the downstream aXlal translation of the core element CE during formation).
These initial upstream fibers are thus compressed- toa degree which forms a relatively
smooth interior surface of tHe core element CE when combleted. The formation of this
interior smoothness is further assisted by proVidi‘ng the nl_andrel 12 with perforations in
that area where fibers are collected from the die DC. A flew of positive pressure air is
supplied into the hollow of the mandrel 12 by line 12c¢ and thus exits through the
perforations in that area where the core element fibers are'being collected on mandrel
12 As a result, the pressurlzed air will assist in coolmg and solidification of the fibers
lssued by die DC and collected on mandrel 12 which, in turn as3|sts in the removal of
the core element CE from the free terminal end 12b of t_h_e mandrel 12 during axial

translation_to the filtration fiber production sub-system 10_0.'.

A core element drive.assembly 40 is positioned downstream of the melt-blowing
die DC. As is perhaps more clearly shown in FIGURES 3 and 4, the drive assembly 40
includes a lower driven rdll_er 42, and a pair of lateral derer't_ rollers 44.. The roller 42
and pair of rollers 44 are substantially equally spaced apart from one another about the
periphery of the core eler_nent CE. The roller 42 is mounted for rotatio.nal movement by
bearing block 42-1 which is l_igidly fixed to a component pjaﬁ of the machine frame MF.
The rollers 44, on the other hand, are each mounted for rotational movement by
bearing blocks 44-1. These'bearing blocks 44-1 are, in turn, rigidly fixed to mounting
plates 44- 2. The mounting.plates 44-2 are themselves mounted for pivotal movements
toward and away from the core element CE by axle 44- 3. The mountlng plates 44-2
are connected to the actuator arm 44-4 of cylmders 44- 5 Thus, actuation of the
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cylinders 44-5 will cauise the plates 44-2 to pivot about the respective axles 44-3 to

move the rollers 44 toward or away from the core element CE.

The rollers 42 and 44 are driven by means of sprocket and chain assemblies 50
which, in turn, are connected operatively to a drive motor (not shown). The rotational
axes of rollers 44 are canted slightly, but meaningfully, in such a way to urge the core
element CE to translate axially in a downstream direction (i.e., upwardly out of the plane
of FIGURE 3). Thus, the in situ preformed core element CE is withdrawn continuously
at a predetermined rate (i.e., determined by the cant angle and/or rate of rotation of the
rollers 44) from the free terminal end 12b of the mandre!l 12 and transferred to the
downstream filtration fiber production sub-system 100. That is, downstream of the drive
assembly 40, the core element CE serves as the forming mandrel and the sole means
of support during the meli-blowing of the filtration fibers in the sub-system 100. A ball
joint coupling 12c¢ is provided between the terminal end 12b of the mandrel 12 and the
remaining rigid upstream forming section 12d (i.e., that section of the mandrel 12 onto
which the core element fibers are melt-blown in sub-system 10). The ball joint coupling
12¢ thus permits the terminal end 12b to move freely angularly about two axes
perpendicular to the axis of the upstream forming section 12d. Such freedom of
movement is typically quite important during system start-up in order to allow the initial
(and typicaliy incomplete) core element section formed during start-up to be maintained
in contact with the rollers 42 and/or 44.

As shown in the photomicrographs of FIGURES 10A and 10B, the core element
CE is comprised of a non-woven mass of melt-blown ribbon-like cords. That is, these
ribbon-like cords are comprised of multiple smaller diameter, continuous length, meit-
blown fibers that are coalesced substantially side-by-side to one another along at least
lengthwise portions of their respective peripheral surfaces. Thus, by the term “cord” is
meant that multiple individual, continuous length, melt-biown fibers are melt-bonded to
one another at axially extended locations along the longitudinal extents of the fibers so
that the individual fibers are substantially in side-by-side relationship and are
inseparable oneé from another to form a ribbon-like (e.g., substantially planar) multiple
fiber structure, These cords in the core element CE are also thermally bonded one to
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another at their respective crossing points such that the core element CE is quite rigid,
especially after cooling.

The nominal diameter of these ribbon-like cords (i.e., the nominal cross-sectional
diameter of a circle which compietely circumscribes or bounds the cross-sectional
geometry of the cords) is between about 100 to about 1500 pm, and more preferably
between about 200-900 um. These non-woven cords will thus form a relatively open
matrix which has a mean porosity (void volume) of greater than about 30%, and
typically greater than about 50%. Specifically, the preferred mean porosity (void
volume) of the core element CE in accordance with the present invention will be
bétween about 30% to about 80%, and more preferably between about 50% to about
60%.

Due to the highly porous structure of the core element CE and the relatively large
pore sizes resulting from the core element construction, it also essentially does not
serve a filtration function. That is, by the term “filtration” is meant that a substantial
increase in differential pressure (AP) is observed after at least about 30 minutes of
water flowing at 2.5 gallons per minute (gpm) and containing 200 parts per million
(ppm) of a particulate contaminant where at least 50 vol.% of the particles have an
average size of about 65um or greater is passed through the core wall of a core
element having the dimensions of 1.07 inches inside diameter (ID) x 1.5 inches outside
diameter (OD) x 10 inches in Iength.' Thus, substantially no “filtration” occurs when
substantially no pressure differential is observed after 30 minutes of fluid flow through
the core element wall in accordance with the conditions expressed immediately above.
That is, substantially no increase in pressure differential is thereby indicative of minimal
(if any) trapped particulates in the core element fiber matrix.

As noted above, the core element CE is transferred continuously downstream to
the filter fiber production sub-system 100. Specifically, filtration fibers are melt-blown
onto the continuously (and simultaneously) rotating and axially translating core element
CE at the sub-system 100. Most preferably, the filter fiber production sub-system 100
is in accordance with U.S. Patent No. 5,591,335 to Barboza et al (the entire content of

* which is expressly incorporated hereinto by reference). That is, several (e.g., three in
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'the case of the embodiment depicted in the accompanying FIGURES) melt blowing

filtration fiber dies DF1-DF3 are supplied with molten thermoplastic polymeric material
from respective extruders FE1-FE3. At least one additional melt blowing die DF4 is
supplied with a separate stream of molten thermoplastic polymer from its associated
extruder FE4. The streams of filaments issued by the die DF4 are thus caused to
impinge upon transfer roller 102 which transfers them into co-location with at least one
of the fiber streams issued from dies DF1, DF2 and DF3. For example, in the
embodiment shown, the fibers formed by die DF4 will be co-located substantially with

'the fibers formed by die DF2, it being realized of course that the location of the die DF4

‘coutd be moved to change such fiber placement.

Thus, the resulting filter cartridge preform (noted in phantom line in FIGURE 2A
by reference FCP) will most preferably include annular bands or zones of filtration fibers
corresponding to the fiber characteristics of the fibers issued by dies DF1-DF3. In at
least one of these annular bands or zones, additional fibers issued by die DF4 will be
co-located with the fiftration fibers. Most preferably, therefore, the filter cartridge
preform FCP (and the filter cartridges severed therefrom as will be described in greater

“detail below) will exhibit depth filtration characteristics due to the differences between

the fiber characteristics from one annular zone to another. Also, the support fibers
could be co-located in a number of the filtration zones, if desired. However, it should be
understood that the present invention is not limited to the production of depth filter
cartridges. That s, a single annular layer of filtration fibers may be melt-blown onto the
core element CE by a single melt blowing die. Suffice it to say here that numerous
modifications and equivalent filter cartridge structures are capable of being designed by
those skilled in the art using the apparatus and production techniques of the present

invention.

Virtually any thermoplastic polymer which is capable of being melt blown may be
used in accordance with the present invention. Such polymers, may, for example, be
polyolefins (e.g., polymers and copolymers of polyethylene, polypropylene and the like),
polyamides (e.g., nylon-8, nylon-6,6 and other nylons), polyesters (e.g., polyethylene
terephthalate, polybutylene terephthalate, polycyclohexylene dimethylene terephthalate
and the like), acetals, fluoropolymers (e.g., ethylene-chilorotrifluoro-ethylene),
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polyphenylene sulfide, biodegradable polymers (e.g., poly-(lactide)), liquid 'érystal
polymers, polyetheretherketone (PEEK), polystyrenes, pdlymers of vinylidene
monomers such as vinyl chioride, vinyl acetate, vinylidene -¢hloride, and acrylonitrile),
and mixtures thereof. Particularly préferred are the polyoléfins, polyesters and nylons.
These thermoplastic melt-blowable p"ol'ymers'may be “virgin” polymers, or may be, or
contain meaningful amounts of recycled polymers.

Subsequent to melt-b'lowi_ng the filtration fibers at the filtration fiber production
sub-system 100, the filter cartridge preform (refe_renced.:her_e'inafter as “FCP") axially
translates continuously into and through the cooling sub-system 200 which is depicted
in greater detail in accompanying FIGURES 2B and 5. As shown, the filter cartridge
preform FCP is supported by a pair of Iaterally (i.e., relative to the axial movement of

- the preform FCP) spaced-apart, parallel support rollers 202. An air duct 204 supplies

chilled air from a conventional air chiller (not shown) to the underside of the preform -
FCP via transition plenums 206, 208, respectively.

As is perhaps more clearly shown in accompanying FIGURE 5, the plenum 208
includes opposed side walls 208a, 208b which converge upwardly and inwardly toward
the preform FCP terminating at a discharge slot 208¢ oriented parallel to the preform’s
longitudinal axis. The discharge slot 208c is thus positioned subjacently to the preform
FCP supported on the rollers 202. A screen member 210 lS interposed between the
discharge nozzle 208c and the preform FCP to prevent fdreigh matter from entering the
plenum 208. As the preform continuously rotates and longitudinally translates along the
support rollers 202, the chilled air will cause the fibers forming the preform FCP to cool
substantially prior to further processing. As a result, once the preform FCP leaves the
cooling sub-system 200, the preform FCP and the filter cartridges cut therefrom will only
experience minimal dimensional shrinkage. '

The preform FCP is continuously discharged axially from the cooling sub-system
200 into the cutting and transfer sub-system 300 which is shown in greater detail in
accompanying FIGURES 2C and 2D. More specifically, the external periphery of the
preform FCP is engaged by the drive assembly 302. Like the core element drive
assembly 40 discussed pfeviously, the preform drive assembly 302 includes a lower
support roller 304 and a pair of rollers 306. These rollers 304 and 306 are spaced
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apart from one anothe?‘é‘ﬁout the periphery of the filtéi’ ¢artridge preform FCP. The
roflers 306 are moveable towards and away from the preform FCP by means of
cylinders 306-1 and their respective actuator arms 306-2. The rollers 304 and 306 are
driven like the rollers 42 and 44 discussed previously so as to rotate the preform FCP in

“the same rotational direction and at the same rotational speed. Furthermore, the axes

of thee rollers 304 and 306 are canted slightly, but meaningfully, so that their respective
rotation will urge the filter cartridge preform FCP to move continuously axialty

downstream at a substantially constant rate.

The preform FCP is supported downstream of the drive assembly 302 by a pair
of laterally spaced-apart support rollers 308-1, 308-2, each of which is supported for
rotational movement about its respectively longitudinal axis. A cutting assembly 310 is

" positioned near the upstream ends of the rollers 308-1, 308-2 so as to cut the preform
FCP into predetermined lengths and thereby form filter cartridges therefrom.

Spédiﬁcally, the cutting assembly 310 includes a rotary saw 312 which is mounted to a
carriage assembly 314 for reciprocal movements towards and away from the filter
cartridge preform FCP. Thus, when advanced toward the preform FCP, the saw 312
will sever it along a plane transverse to the preform’s longitudinal axis. The
downstream section of the preform that has been severed from the upstream section
thereof will thus become the filter cartridge FC (see FIGURES 7A-7D, for example) that
may be further processed as desired (e.g., by mounting end caps thereto, dressing the

ends thereof andfor packaging for distribution).

The saw 312 is driven at high speeds by motor 316. The saw 312, carriage
assembly 314 and motor 316 are collectively mounted on platform 318 to aliow the
entire assembly to traverse axially parallel to the continuously axially translating preform
FCP, the purpose for which will be discussed in greater detail below.

A rate sensor assembly 320 is provided downstream of the cutting assembly
310. In general, as will be described in greater detail below, the rate sensor assembly
320 senses the raté of axial downstream translation of the filter cartridge preform FCP
which then enables the cutting assembly 310, and the saw 312 carried thereby, to be
slaved to, and move at the same axial transtation rate as, the preform FCP. Insuch a
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manner, therefore, filter cartridges of extremely-accurate finished lengths rhay be made
as compared to the use of a non-axially translatable cutting assembly.

The rate sensor assembly 320 includes a support freme 322 which is threadably
coupled to a threaded controf rod 324. Rotation of the control rod 324 in one or another
rotation directions thereby causes the support frame 322 to be moved parallel to the
longitudinal axis of the filter cartridge preform FCP between different upstream and
downstream positions, respectlvely. A forward section 322-1 of the support frame 322
is also moveable independently along a guide rod 326. The forward section 322-1
carries a the sensor head 328 which is coaxially mounted relative to the filter cartridge
preform FCP and projects in an upstream direction (i.e., rearwardly).

The terminal end of the filter cartridge preform FCP will thus, in time, come into
contact with the sensor head 328 posmoned ata nomlnal downstream location via the
control rod 324 and support frame 322 so that continued axial translation of the preform
FCP will thereafter drive the support frame section 322-1 in an axial downstream

~ direction along the guide rod 326. The axial movement of the support frame section

322-1 is measured by suitable linear distance sensor 320-1 which transmits position
and rate signals via cabli'ng enclosed within flexible cable chese 330 to the
programmable controllei' PC (eee FIGURE 1). These position and rate sighals are then
used by the controller PC to activate and coordinate movement of the cutting assembly
310 to ensure that accurate length filter cartridges are cut fk_om the preform FCP.

Once the filter cariridge FC is severed from the prefcrm FCP, it must be
transferred out of the p,re,form’s'p.ath of continuous axial translation. To accomplish this
function, the sub-system.soo is prcvided with a plurality of elongate transfer arms 340 .
disposed transversely below the axial path of the prefomi FCP. The roller 308-2 is
mounted at each end to pivot arms 348 which allow the roller 308-2 to pivot between a
supporting condition as shown in FIGURE 2C wherein the pair of rollers 308-1, 308-2
collectively support the filter cartridge therebetween, and a non-supporting condition
wherein the space between the rollers 308-1, and 308-2 is increased sufficiently to
allow the filter cartridge to fall by gravity into the awaiting gripper fingers 340-1 (see
FIGURE 7A) of the transfer arms 340.
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The filter cartri_d”ééé FC severed from the preform FCP are then transferred to an
end-finishing station 350 which is shown more clearly in accompanying FIGURE 2D.
Specifically, the transfer arms 340 carrying a filter cartridge FC from its pick-up position
immediately betow the rollers 308-1, 308-2 pivot about the support rod 342 (see

'FIGURES 6A-6D) through about 180° to a finish position wherein the filter cartridge FC

is positioned between an axially opposed pair of ultrasonic welding horns 352, 354,
The downstream ultrasonic welding horn 354 is mounted to a support frame 356 which
is itself threadably coupled to a threaded controi rod 358. The control rod 358 is
capable of being rotated by a suitable stepping motor 360. Therefore, when the control

'rod 358 is rotated in one or another selected rotation directions, the ultrasonic welding

horn 354 is caused to move axially closer to or farther away from the upstream horn
352. Control cabling may be routed to the components via flexible cable chase 362,

As shown more clearly in accompanying FIGURES 6A-6D, each of the transfer
arms 340 is mounted to a support rod 342 oriented parallel to the filter cartridge
preform for pivotal movements about the support rod’s longitudinal axis. In addition, the
spacing between the transfef arms 340 is controllably changed by the control rods 344,
346. Specifically, the downstream most one of the transfer arms 340 is threadably
connected to the control rod 344, while the intermediate one of the transfer arms 340 is
threadably connected to the control rod 346. The upstream most one of the transfer
arms 340, however, is not threadably connected to the control rod 344, but instead
remains in a stationary (set) position regardless of the movements of the intermediate
and downstream ones of the transfer arms 340.

In order to achieve proportional spacing between the individual transfer arms
340, the number of thread turns per unit iength of the control rod 346 is twice the
number of thread turns of the control rod 344. In addition, the number of thread turns
per unit length of the control rods 324, 344 and 358 is equivalent. Therefore, for each
revolution of the threaded control rods 324, 344 and 358, their associated structures
threadably connected thereto will translate axially along the rods by the same linear
extent. However, rotation of the control rod 346 by the same number of revolutions per
unit time as compared to that of the control rods 324, 344 and 358 will only cause the

intermediate transfer arm 340 to be moved axially by a linear dimension that is only
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- one-half that of the downstream arm 340 (as well as one-half the linear dimension of

the sensor head 328 and ultrasonic welding horn 354).-:‘_: l;njsuch a manner, it will -
therefore be appreciated that the linear spacing betwe'e:n the transfer arms remains
proportionally constant regardless of the lengthwise dimension of the filter cartridge FC
that is cut from the preform FCP The present invention is thus capable of
accommodating virtually any length of filter cartridge FC that may be desired to be cut
from the preform FCP. | '

Accompanying FIGURES 6A-6D schematically depi;ct an operational sequence
employed by the structures discussed above to sever a'fi_lt;er cartridge FC having an
extremely accurate longitudinal dimension from the filter cartridge preform FCP.
Specifically, as shown in FIGURE 6A, the filter cartridge preform FCP is continuously
being translated in a downstream axial direction as noted by arrow A1-in the manner
described previously. The downstream terminal end of ’_the preform FCP thus
continuously approaches the sensor head 328 poised in ite ready position as shown.

~ Substantially |mmed|ately upon the downstream termlnal end of the preform FCP
contactmg the sensor head 328, the stabilizer assembly 370 will be caused to advance
into engagement with an upstream section of the preform FCP. Specifically, as shown
in FIGURE 6B, the stabilizer fingers 372 and stabilizer rollers 374 of the stabilizer
assembly 370 will be brought into engagement with the _r_Jpstream section of the preform
FCP by movement fomrar_dly via the guide rods 370-3 and then downwardly via guide
rods 370-4. Movement of the stabilizer assembly is most eonveniently..accomplished
using electric precision motors 370-1 and 370-2 so as to control movement of the
stabilizer fingers 372 relative to the preform FCP along the guide rods 370-3 and 370-4,
respectively. The stabilizer assembly 370 prevents lateral displacement of the filter
cartridge preform FCP during the cutting operation. That is; the contact between the
rollers 374 and the fingers 372 with the preform FCP prevents the preform FCP from
being pushed laterally out of its axial translation path by the cutting action of the saw
blade 312-1, but still allow the preform FCP to rotate about its longitudinal axis. In other
words, the fingers 372 provide a stabilization collar about the periphery of the preform
FCP which do not restrict its rotational or axial motions.
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Accompanying EIGURE 6C depicts the state whérein the sensor head 328 has
been displaced somewhat continuously in the downstream axial direction by the
continuous advancement of the terminal end of the filter cariridge preform FCP as
noted by the change in position between the sensor head’s 328 position depicted in
dashed and solid line. During this axial displacement, a signal is generated by the
sensot head 328 by means of suitable distance-measuring sensor 320 (see FIGURE
2C) bperatively associated therewith which is supplied to the controller PC (see
FIGURE 1), The controller PC samples these distance measurements and thus
generates a rate signal which is indicative of the rate of axial displacement of the
continuously advancing preform FCP. Once this rate determination has been
accomplished, the controller PC will then actuate the cutter assembly 310 to cause the

carriage 318 to move paralle! with the continuously advancing preform FCP at

substantially the same linear advancement rate (arrow A2 in FIGURE 6D).
Simultaneously with such axial displacement, the controller will also activate the cutter
assembly so that the saw 312 and its associated blade 312-1 will advance towards and
cut through the preform FCP as shown by arrow A3 in FIGURE 6D thereby severing a
filter cartridge FC of desired length therefrom. This simultaneous axial displacement of
the cutter assembly 310 wili ensure that the saw blade 312-1 wilt reliably and accurately
cut reproducible lengths of filter cartridges FC from the preform during each cutting
cycle. Once the cutting operation is completed the structures are moved into their rest
conditions as depicted in FIGURE 6A to await another cutting cycle.

Severing of the filter cartridge FC from the preform FCP will activate a transfer
cycle which will be described with reference to FIGURES 7A-7D. That is, the state of
the structural components in FIGURE 7A is immediately following the severing of a filter
cartridge FC from the preform FCP as has been described. Thereafter, the support
roller 308-2 is pivoted via the pivot arms 348 so that the fresh cut filter cartridge FC falls
by gravity into the awaiting gripper fingers 340-1 of the transfer arms 340 as shown in
FIGURE 7B.

It will be obsenved that the gripper fingers 340-1 will move from an opened state
as depicted in FIGURE 7A to receive the filter cartridge FC and into a closed state as
depicted in FIGURE 7B so as to securely grip the filter cartridge FC. The filter cartridge
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FC is therefore allowed to drop initially into the opened grlpper fingers 340- 1 which then -
subsequently close to grip securely the filter cartridge FC to allow for its subsequent
transfer. Prior to being gnpped, the opposite ends of the filter cartridge FC are -

- simultaneously pressed by positioning flanges 341 to ensure'that the filter cartridge FC . -

is rehably positioned accurately relative to the gripping fmgers 340-1.

~ The transfer arms 340 then swmg the gripped frlter cartndge FC through about
180° (arrow A4 in FIGURE 7C) to a position in axial alignment between the ultrasonic
horns 352, 354 as shown i in FIGURE 7C. The homs are agvanced into axial
engagement with each end of the filter cartridge FC by electric or hydraulic actuators
352-1, 354-1, respectively, and are thereafter activated 50 as to provide a “dressed”
end to the filter cartridge FC (e.g., to remove any debris and/or loose fibers that may be .
present subsequent to the cutting operation). |

~ Once the ends of the filter cartndge have been “dressed” by the ultrasonic
weldmg homns 352, 354, the actuators 352-1 and 354—1 retract each of the horns 352,

354, respectively, and the transfer fingers 340-1 are moved agam into their opened

state.” This operation therefore allows the end-dressed filter cartridge FC to fall by
gravity (arrows A5 in FIGURE 7C) and be deposited onto a-"conveyor'380 which
transfers the filter cartridge FC to a dewnstream finishing/packaging station FPS (see
FIGURE 1). Alternatively, as depicted in FIGURE 7D, a.deflector plate 382 may be

. raised by cylinders (not shown) so that the filter cartridge FC rolls by gravity onto the

transfer plate 384 and ultimately is deposited into the filter collection bin FCB (see
FIGURE 1). Once the filter cartridge FC has been 'relea'sed' the trarlsfer arms 340 are
pivoted back to their initial rest position as depicted in FIGURE 7A with the gripper
fingers 340-1 thereof in an opened state.

As was mentioned briefly above, the structural compenents in the cutting and
transfer assembly 300 are capable of being moved longitudinally by a p'roportional
linear extent so as to accommodate different lengths of filter cartridges that 'may be
desired. The manner in which such components achieve that function is depicted
schematically in accompanying FIGURES 8A-8C. In this regard, FIGURE 8A shows an
initial inoperative state where_by the sensor head 328, transfer arms 340 and ultrasonic
horns 352, 354 are all in a ready condition. Activation of precision electric motors (not
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shown) connected to &#ch of the control rods 324, 344, 346 and 358 will cause each to
rotate the same number revolutions per time period. As such, since the number of
thread turns per unit axial length for control rods 324, 344 and 358 is the same, the
sensor head 328, downstream-most one of the transfer arms 340 and the ultrasonic
horn 354 will move the same axial dimension parallet to their respective control rod (and
to the elongate axial dimension of the fitter cartridge preform FCP. However, since the
control rod 346 has twice the number of turns per unit axial length as compared to the
control rods 324, 344 and 358, the intermediate one of the transfer arms 340 will move
simultaneously an axial dimension that is one-half that of the sensor head 328,
downstream-most one of the transfer arms 340 and the uitrasonic horn 354. As a
result, the sensor head 328, transfer arms 340 and ultrasonic head 354 are positioned
proportionally so as to accommodate smaller-length and larger-length filter cartridges
FC’ and FC” as shown in FIGURES 8B and 8C, respectively.

In such a manner, therefore, the present invention is capable of producing
various lengths of filter cartridges FC. This capability, coupled with the upstream
capability of different and various filtration media means that numerous finished filter
cartridge products having various filtration functions can be produced. Moreover, since
the length of the filter cartridges can be changed without interruption of the upstream
filter-media melt spinning operation, means that very small amounts of wastage ensues
when it is desired to change from one filter cartridge product type to another.

In the event that the cutting assembly 310 is inoperative {e.g., as will occur when
the saw blade 312-1 is changed/sharpened for maintenance purposes), an auxiliary
cutting station 400 is provided at the downstream end of the filter cartridge preform
conveyance path (see FIGURE 1). The auxiliary cutting station 400 is shown in greater
detail in accompanying FIGURE 9. In general, during those times when the cutting
assembly 310 is inoperative, it is important not to shut down the upstream processing
stations 10, 100 and 200. In such situations, the sensor head 328 will be pivoted out of
the path of the filter cartridge preform FCP which will therefore allow the filter cartridge
preform FCP to be translated axially into the auxiliary cutting station 400.

The filter cartridge preform FCP is supported in the auxiliary cutting station 400
by a pair of support rollers 402, 404. A collar assembly 406 having an upper collar 406-
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1 and a lower, stationary, collar 406-2 is provided upstream of a cutting blade 408. The
upper collar 406-1 is moveable towards and away from the lower collar 406-2, while the
lower collar 406-2 (and hence the upper collar 406-1) is shdabiy mounted to guide rods
410 to allow the collar as$érﬁbly 406 to be moved axially tc}gether with the filter
cartridge preform. Contabi rollers 412, 414 are provide& With each of the upper and
lower collars 406-1, 406-2 respectively, so as to allow the preform FCP to continue to

rotate while gripped by the collar assembly 406.

In use, when the terminal end of the filter cartridge_ preform FCP advances
beyond the cutting blade 408 as sensed by the position sehsors 420, a control signal
will be issued by the controller PC which causes the upper collar 406-1 to move toward

‘the lower collar 406-2. The upper and Iowér collars 406-1, 406-2 thus rotatably grip the

filtter cartridge preform and are axially translated therewith during the cutting sequence.
Since the cutting blade 408 is connected to the collar assembly 4086, it will likely
translate in an axial direction. Once the filter cartridge preform FCP is gripped by the
upper and lower collars '406-1, 406-2, the controller PC WEII-' issue a command signal to
an air cylinder (not shown) connected operatively to thebutting blade 408 causing it to
be raised into contact with the filter cartridge preform. This' upward movement of the
cutting blade 408 and rotational movement of the filter cartridge preform FCP will cause
the former to physically cut through the latter thereby se:ve'll'i.ng a downstream portion of -
the filter cartridge preform FCP from the remaining upstream portion thereof. The
severed downstream portion of the filter cartridge preform FCP may then fall by gravity
to an awaiting collection bin or the like. |

The downstream one of the positions sensors will sense that the severed

- downstream portion of the filter cartridge preform FCP is no longer present in the path

of the remaining upstream portion. As a result, the controller PC will issue signals to
reset the positions of the collar assembly 406 and the cutting blade 408 in preparation
for the next cycle. This pl_'oc_éss may repeat itself as needed until the primary cutting
assembly 310 is placed back into service, in which case, the normal cutting procedures
as described previously to obtain the filter cartridge FC is practiced. A transparent
shroud assembly 422 may be provided to enclose the collar assembly and cutting blade
408 during operation for operator safety purposes. |
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The present inv&iflon will be further understodd By reference to the foliowing

non-limiting Example.
EXAMPLE

A melt-blown core element was fabricated using a conventional 6-inch wide melt-
biowing die containing eighty-eight (88), 0.015 inch diameter polymer-extrusion orifices
and an air gap setting of 0.075 inch. The die was positioned a distance of 8.5 inches
from the core element forming mandrel. The air knives were positioned within the die
assembly such that the die tip extended beyond the face of the die by 0.01 inch. The
polymer used was a polypropylene homopolymer material having a melt flow rate, as
supplied, of 38, g/10 min. and a density of 0.904 g/cm® (Amoco Chemical Company,
Grade 7956). Molten polymer at a temperature of 425°F was supplied to the die by a
conventional extruder and metering pump at a flow rate of 155 g/min. Heated
compressed air was also supplied to the die at a pressure of 1.8 psi and a temperature
of 390°F to attenuate the fibers and convey them to the mandrel. The mandrel was
driven at a rotational speed of 172 rpm which, in conjunction with the cant angle and
Speed (172 rpm) of the core element drive rollers, provided a core element axial

translation rate of 37.5 inches per minute.

The dimensions of the resulting core were 1.07 inches inside diameter x 1.38
inches outside diameter and a weight of 4.1 grams per inch length. Photographs taken
at magnifications of 20X and 35X of the core element fabricated by this Example
appear as FIGURES 10A and 10B, respectively.

Jefededrdedrdkddedk d ddkk ok ki d ik

While the invention has been described in connection with what is presently
considered to be the most practical and preferred embodiment, it is to be understood
that the invention is not to be limited to the disclosed embodiment, but on the contrary,
is intended to cover various modifications and equivalent arrangements included within

the spirit and scope of the appended claims.
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1. A melt-blown tubular core element for filter cartridges comprised of a tubular
mass of non-woven, confinuous length, thermoplastic cords forming an open, non-
filtering matrix, wherein séid cords include multiple melt—bldwn continuous length
thermoplastic fibers coalesced substantially side-by-side to one another along at least

lengthwise portions of their respective peripheral surfaces.

2. The core element of claim 1, wherein the cords have a nominal cross- -

sectional diameter of between about 100 to about 1500 um.

3. The core element of claim 2, wherein the cords have a nominal cross-

 sectional diameter of between about 200 to about 900 pum.

4. The core element of clanm 1, wherenn the matrix of non-woven cords has a

_ mean porosity of greater than about 30%.

5. The core element of claim 4, wherein the matrix of non-woven cords has a

mean porosity of greater than about 50%.

6. The core element of claim 1, wherein the matrix of non-woven cords has a

mean porosity of between about 30% to about 80%.

7. The core element of claim 6, wherein the matrix of non-woven cords has a

mean porosity of between about 50% to about 60%.

8. The core element of claim 1, wherein the non-woven cords are thermally

bonded to one another at respective crossing locations.
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. 9. The core element of claim 1, wherein the ther‘ihoplastic fibers are formed of a
thermoplastic polymer selected from the group consisting of polyolefins, polyamides,
polyesters, acetals, fluoropolymers, polyphenylene sulfides, biodegradable polymers,
liguid crystal polymers, polyetherether ketones, polystyrenes, polymers of vinylidene

monomers and mixtures thereof.

10. A filter cartridge which comprises a core element as in any one of the

preceding claims 1-9, and at least one annular filtration zone which includes a filtration

medium surrounding said core element.

11. The filter cartridge of claim 10, wherein said filtration medium includes a

mass of non-woven, continuous length thermoplastic filtration fibers.

12. A method of making a melt-blown tubular core element comprising meit-
blowing continuous length thermoplastic fibers toward an axially rotating mandrel such
that multiple adjacent ones of said fibers coalesce substantially side-by-side to one
‘another along at least lengthwise portions of their respective peripheral surfaces to form
a muttiplicity of continuous length, thermoplastic cords, and depositing said cords onto
the mandrel to form a tubutar non-woven mass thereof which defines an open, non-

filtering matrix.

13. The method of claim 12, wherein said mandre! includes surface
perforations, and wherein the method further comprises the step of directing a

pressurized fluid outwardly through the surface perforations.

14. The method of claim 12, further comprising bringing said cords deposited

onto the mandrel into contact with a roller,

15. The method of claim 14, wherein said step of melt-blowing continuous

length thermoplastic fibers includes issuing streams of moiten thermoplastic material

A
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through orifices of a die to form the continuous length thermoplastic fibers, and

positioning the die in upstream misregistration with respect to the roller.

16. The method of claim 12, wherein said forming step is practiced such that the
cords h_ave a nominal cross-sectional diameter of betw'e_en about 100 to about 1500

um.

17. The method of claim 16, wherein said forming step is practiced such that the

cords have a nominal cross-sectional diameter of between about 200 to.about 900 um.

18. The method of claim 12, wherein said forming step is practiced such that the

matrix of non-woven cords has a mean porosity of greater than about 30%.

19. The method of claim 18, wherein said forming step is practiced such that the -

matrix of non-woven cords has a mean porosity of greater than about 50%.

20. The method of claim 12, wherein said forming step is practiced such that the -
matrix of non-woven cords has a mean porosity of between about 30% to about 80%.

21. The method of claim 20, wherein said forming step is practiced such that the -
matrix of non-woven cords has a mean porosity of between about 50% to about 60%.

- 22. The method of claim 12, wherein said forming step is practiced such that the

non-woven cords are thermally bonded to one another at respective crossing locations.

23. The method of claim 12, wherein said forming step further comprises
extruding a molten thermoplastic polymer selected from the group consisting of -
polyolefins, polyamides, polyesters, acetals, fluoropolymers, polyphenylene sulfides,
biodegradable polymers, liquid crystal polymers, polyetherether ketones, polystyrenes,

polymers of vinylidene monomers and mixtures thereof.
R —

A



WO 00/57983 PCT/US00/08209
- 925 -

1
-y

24. A method for tﬁe continuous production of filter cartridges comprising:

(a) forming an axially elongate filter cartridge preform comprised of an
annultar mass of non-woven, meit-blown, continuous length filtration
fibers by continuously rotating and axially tfanslating the core
element relative to a melt—blowing die assembily;

(b) cooling the preform by continuously axially translating the preform
through a cooling sub-system wherein cooling air is brought into
contact therewith; and then

{c) severing a filter cartridge of predetermined length from a
downstream section of the cooled preform.

25. The method of claim 24, wherein prior to step (a), there is practiced the step
--of(1) forming a ¢ore element onto which the filter fibers are to be deposited by melt-
blowing continuous length thermoplastic core fibers toward an axially rotating mandrel
such multiple adjacent ones of said core fibers coalesce substantially side-by-side to
one another along at least lengthwise portions of their respective peripheral surfaces to
form-a multiplicity of continuous length, thermoplastic cords, and (2) depositing said
cords onto the mandrel to form the core element comprised of a tubular non-woven

mass of said cords.

26. The method of claim 24, wherein step (c) comprises the steps of
simultaneously moving a cutting device parallel and perpendicular relative to the
preform concurrently with the rotation and axial translation of the preform so that the
cutting device severs the preform at a selected location to thereby obtain a filter

cartridge of predetermined length.

27. The method of claim 24 or 26, further comprising the step of (d) transferring

the filter cartridge to a downstream finishing station.

28. The method of claim 27, wherein step (d) includes the step of coaxially

positioning the filter cartridge between a pair of ultrasonic horns.

|
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29. The method of claim 28, wherein step (d) includes the step of bringing the

ultrasonic horns into contact with respective ends of the filter cartridge and operating

the ultrasonic horns to finish the respective ends.

30. The method of claim 29, which further comprises the step of releasing the
“end-finished filter cartridge from the ultrasonic horns and transferring the end-finished

fitter cartridge to a downstream location.

31. A method for the continuous production of filter cartridges comprising the
steps of:

(a) forming an axially elongate filter cartridge preform comprised of an
annular mass of non-woven, melt-blown, continuous length filtration
fibers; and

(b) severing a filter cartridge of predetermined length from a
downstream section of the preform by simultaneously moving a
cutting device parallel and perpendicular relative to the preform
concurrently with the rofation and axial translation of the preform so
that the cutting device severs the preform at a selected location to

thereby obtain a filter cartridge of predetermined length.

32. The method of claim 31, wherein prior to step (b) there is practiced the step

of (¢) cooling the preform.

33. The method of claim 31, wherein step (c) includes the step of determining
the axial translation rate of the preform, and thereafter controllably moving the cutting
device parallel to the axial translation of the preform at substantially the same axial

translation rate.

34. The method of claim 33, wherein said step of determining the axial

translation rate of the preform includes causing a terminal end of the preform to contact
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a coaxially positioned sensor head, ailowing the sensor head to be displaced axially
concurrently with the axially translating preform, and measuring rate of displacement of

the sensor head which is indicative of the axial translation rate of the preform.

35, The method of claim 31, wherein prior to step (b), there is practiced the step

of (c) stabilizing the preform against lateral movement.

36. The method of claim 35, wherein step (c) is practiced by the step of moving
a stabilizer into contact with the preform upstream of the cutting device.

37. The method of claim 31, which further comprises the step of (c) transferring

the filter cartridge to a downstream finishing station.

38. The method of claim 37, wherein step (c) includes the step of coaxially

“positioning the filter cartridge between a pair of ultrasonic horns.

39. The method of claim 38, wherein step (¢) includes the step of bringing the
ultrasonic horns into contact with respective ends of the filter cartridge and operating

the uitrasonic horns to finish the respective ends.
40. The method of claim 39, which further comprises the step of releasing the
end-finished filter cartridge from the ultrasonic horns and transferring the end-finished

filter cartridge to a downstream location.

41. A method for the continuous production of filter cartridges comprising the

‘steps of:

(a) forming an axially elongate filter cartridge preform comprised of an
annular mass of non-woven, melt-blown, continuous length filtration

fibers;
(b) severing a filter cartridge of predetermined length from a

| RER ) R

downstream section of the preform; and
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(c) coaxially positioning the filter cartridge between a pair of ultrasonic
- horns and operating the ultrasonic horns so as to finish opposed
terminal ends of the filter cartridge.

42. The method of claim 41, wherein prior to step (b}, there is practiced the step

of cooling the preform.

43. The method of claim 41, wherein said preform is translated at a
predetermined axial rate in a downstream direction, and wherein step (b) includes
moving a cutting device parallel to the preform at substantially the same axial
translation rate simultan_eously while severing the preform to obtain the filter cartridge.

44. The method of claim 41, wherein step (c) includes the step of gripping the
filter cartridge with transfer arm, and thereafter swinging the transfer arm and the filter
cartridge gripped so as to transfer the filter cartridge into coaxial alignment between the

ultrasonic horns.

45. Apparatus for the continuous production of filter cartridges comprising:

a melt-blowing system for melt-biowing continuous length thermoplastic

filtration fibers and collecting a non-woven mass thereof to form an
- axially elongate filter cartridge preform;

a drive assembly for rotating the preform about its longitudinal axis in a
predetermined direction and for axially translating the preform in a
downstream direction at a predetermined axial translation rate;

a cutting system positioned downstream of the melt-blowing system for
severing a downstream section of the preform and obtaining a filter
cartridge therefrom, wherein

said cutting system includes a cutting device, and a carriage assembly for
the cutting device to allow for movements of the cutting device
parallel to the longitudinal axis of the preform simultaneously while

T




WO 00/57983 PCT/US00/08209
.29 -

the ‘cutting device is moved toward ahd away from the preform

perpendicularly relative to the longitudinal axis thereot.

46. Apparatus of claim 45, further comprising a cooling system positioned
between said melt-biowing and cutting systems for directing cooling air against the

rotating and axially translating preform.

47. Apparatus of claim 45, further comprising a transfer system positioned
downstream of said cutting system for transferring the filter cartridge which is severed

from the preformed to another location.

48. Apparatus of claim 45, wherein said transfer system includes a transfer arm
laterally positioned relative to the filter cartridge, and having a distal end which inciudes
gripping fingers moveable between open and closed conditions, said transfer arm being
pivotally mounted at a proximal end thereof for movements between a first position
wherein the gripping fingers are capable of gripping the filter cartridge, and a second
position wherein the gripping fingers and the filter cartridge gripped thereby is located at

another location laterally of the preform.

49. Apparatus of claim 48, further comprising a pair of axially separated
ultrasonic horns disposed at said another location, and wherein said transfer arm when
in said second position coaxially aligns the filter cartridge gripped thereby with said pair

of ultrasonic horns.

50. Apparatus of claim 45, wherein said cutting system includes a sensor
system for determining an axial transiation rate of the preform and for issuing a signal
to move the carriage assembly, and thus the cutting device carried thereby, at

substantially the same rate as the axial translation rate of the preform.

51. Apparatus of claim 50, wherein said sensor system includes a sensor head

which is positioned in coaxial opposition to a terminal end of the preform, said sensor

N8 O TR
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“head being contacted by the preform terminal end and displaced in a: downstream

direction concurrently with the axial translation of the preform.

52. Apparaius of claim 45, wherein said cutting system includes a stabilizer

assembly for stabilizing the preform against lateral movement.

- 53. Apparatus of claim 52, wherein said stabilizer assembly includes a pair of
stabilizing fingers moveable between an open condition to accept the preform
therewithin, and a closed condition wherein the stabilizing fingers establish a

circumferential collar around the preform.

54. Apparatus of claim 45, wherein the melt-blowing system includes a core

fiber melt-blowing sub-system, and a filtration fiber melt-blowing sub-system.

55. Apparatus of claim 54, wherein the core melt-blowing sub-system includes a
- mandrel having a near end mounted for rotational motion, a far end which terminates .

adjacent said drive assembly, and an intermediate section for receiving melt-blown core .
fibers thereon, wherein said far end is connected to said intermediate section for

movements about two axes relative to the longitudinal axis of the mandrel.

56. Apparatus of claim 55, wherein said filter fiber melt-blowing sub-system
includes multiple melt-blowing dies for melt-blowing respectively different types of

filtration fibers.

57. Apparatus for producing filter cartridges formed of a non-woven mass of
continuous length thermoplastic fibers comprising a meit-blowing die, an extruder for
supplying molten thermoplastic polymer to the die so that streams of melt-blown fibers
issue therefrom, and a mandrel for receiving the streams of melt-blown fibers issued
from the die, wherein the mandrel has a terminal end which is journally mounted to an

axially stationary upstream segment thereof, said terminal end being freely moveable

A

relative to said upstream segment.
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58. Apparatus of claim 57, wherein said mandrel includes surface perforations

allow pressurized fluid to be expelled outwardly therefrom.

59. Apparatus of claim 57 or 58, further comprising a roller for contacting the
melt-blown fibers received on the mandrel, and wherein said meit-blowing die is

misregistered in an upstream direction retative to the roller.

60. A system for transferring elongate articles comprising:

a set of transfer arms each having gripping fingers which are moveable
between an open condition for receiving the elongate article therein
and a closed condition for gripping the elongate article;

each of said transfer arms being mounted for pivotal movements between
a first position in which the elongate article may be received into
the gripping fingers, and a second position which is spaced from
the first position; wherein

at least first and second ones of said transfer arms are moveable
reciprocally in an axial direction paralle! to the elongate article by
different finear extents relative to a third one of said transfer arms
so that separation distances between said first, second and third
transfer arms may be varied proportionally with respect to one
another and thereby maintain the separation distances

substantially constant therebetween.

61. The system of claim 60, wherein said first one of said transfer arm is

stationary relative to the longitudinal axis of the elongate article.

62. The system of claim 60 or 61., wherein said second one of said transfer arms
is mounted for movement in said axial direction by a linear extent which is proportionally
less than a linear extent of movement of said third one of said transfer arms such that

concurrent movement of said second and third ones of said transfer arms maintains
—_—
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said separation distances substantially the same.betweén said first, second and third

ones of said transfer arms.

- 63. The system of claim 62, wherein said first and second ones of said transfer
arms are threadably connected to respective threaded control rods having a different

number of threads per unit length.
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