
1 FILTER ARRANGEMENT INCLUDING REMOVABLE FILTER WITH FIRST AND SECOND MEDIA
SECURED TOGETHER Field of the Invention 5 The present invention relates to
filter arrangements. It particularly concerns filter elements with
prefilters. The invention also concerns methods of assembly and use.
Background of the Invention 10                Air intake streams to engines
for motorized vehicles, power generation equipment and similar equipment
generally need to be filtered, for protection of the engine equipment from
particulates carried in the air streams. In general, air filter
arrangements are utilized upstream of the engine, with respect to air flow,
for such filtering. 15                In some systems it is desirable to
remove particulate material from air flow streams for other reasons, such
as aesthetics or personal health and comfort. For example, cabin air filter
systems for vehicles such as large agricultural tractors, mobile homes and
automobiles, serve this purpose. In general, principal areas of design
focus with respect to such filter 20   arrangements include: accommodating
space limitations; achieving desired levels of filtering efficiency; and,
obtaining preferred lifetime of use. It is generally desirable to provide
for relatively long life or extended life filter arrangements, so that
frequent removal and replacement of filter elements is avoided. However, it
is generally preferred to obtain that long life without substantial loss of
efficiency. 25          EP-A-0503449 describes a filter arrangement
comprising a prefilter construction including a textile outer layer and a
layer of foam media, EP-A- 0181716 describes a fluid medium formed into
pockets by seams, wherein the seams may be stitched. Summary of the
Invention 30                 According to one aspect of the present
invention, a filter arrangement is provided. The filter arrangement
generally includes an air filter with a most upstream filter surface. A
prefilter is positioned in covering relation to the upstream filter
surface. The prefilter comprises at least two layers of filter media.
Preferably, one of the layers of filter media in the prefilter comprises
fibrous depth media; and, a    2 second one of the layers of filter media
comprises a layer of foam depth media. In 



certain preferred constructions, the air filter has first and second
opposite end caps. In certain embodiments, preferably the prefilter
comprises a filter construction circumscribing the air filter, in covering
relation to an outer surface or periphery 5   thereof. In some applications
the first and second end caps are arranged in a circular configuration;
and, the air filter is generally cylindrical. Preferably, arrangements such
as the ones described above include, as a prefilter, a strip of fibrous
media secured to a strip of foam media by stitching. Such arrangements can
generally be configured to be ring-shaped, with a transverse 10   seam, for
many applications. In certain preferred arrangements, the layer of foam
comprises a more downstream layer of the at least two layers of media, in
the prefilter. In some arrangements, the air filter includes a cylindrical
pleated media construction. In many commercial systems, the air filter will
be arranged 15   with the media positioned between inner and outer liners,
and in extension between first and second end caps. Typically, in such
systems, the outer liner defines an outer filter surface or periphery for
the air filter, which is located downstream from the prefilter. It is noted
that there is no requirement of inner and outer liners, at least for
certain advantages of the present invention to be obtained. 20
In some arrangements, the first end cap is an open end cap having an axial
seal bead thereon; and, the second end cap is also an open end cap with an
axial seal bead thereon. In some systems, the air filter will comprise a
conventional filter construction, such as used in light trucks and other
vehicles. In such constructions, in some instances the prefilter will be a
new construction added to an 25   otherwise conventional arrangement, for
use. For example, such arrangements are quite usable with vehicle air
filter constructions that are sized and arranged for a filtering airflow
therethrough of at least 200-400 cubic feet per minute (about 0.09 - 0.2
m[err]/s) during normally encountered operation under load (i.e. not at
engine idle). At idle, of course, such systems would be encountering a
relatively low air flow. In 30   such arrangements, the air filter
construction, without the prefilter thereon, is often circular
(cylindrical) with an open, cylindrical interior. Such constructions
typically have an inside diameter within a range of 4 inches to 14 inches
(about 10-36 cm), and an outside diameter within the range of 5 inches to
25 inches (about 12 cm-64 cm).    WO 98/02232
PCT/US97/12290 3 Also, according to some applications of the present
invention, a 



prefilter construction for positioning around the cylindrical air filter
construction is provided. The typical and preferred prefilter construction
generally comprises a layer of fibrous depth media and a layer of foam
filter media, with the layer of foam 5   media being secured to the layer
of fibrous media by stitching. A circular or ring arrangement, with
stitching along opposite edges, will be preferred. Also, the circular ring
arrangement will generally be formed from a two layer strip which has been
sewn into a circular ring, along a transverse seam, with stitching.
Preferably no upstream or downstream liner is used on the prefilter. Of
course an upstream liner 10   on the air filter can be used to support the
downstream side of the prefilter, in some embodiments. In those preferred
arrangements according to the present invention which include foam filter
media, the foam filter media of the prefilter construction will comprise an
open cell foam. Preferably it will comprise foam having at least 30 15
pores per inch (at least about 11 pores/cm). Typically it will not have a
cell density of greater than about 80 pores per inch (32 pores/cm), for
most applications. Preferably it has a cell density of about 50-55 pores
per inch (19-22 pores/cm), and comprises a polyurethane foam. Also in such
arrangements, the layer of fibrous depth media preferably comprises
polyester fibers. 20                 In certain preferred prefilter
constructions, the layers of media will be positioned with the foam media
comprising a more inner, downstream, layer; and, the layer of fibrous depth
media comprising a more outer, upstream layer. The present most preferred
prefilter arrangements have only those two layers. However, alternate
constructions are possible. 25                 In some arrangements, the
outer layer of fibrous depth media includes a branded or embossed portion
therein. The terms "branded" and "embossed" in this context refer to a
portion of the fibrous media which has been compressed, typically with the
application of heat, to permanently deform in selected areas to produce a
selected indicia pattern thereat. The pattern will typically comprise a
trademark for 30   the arrangement, although other indicia may be used. The
pattern may be formed. for example, as a single word, a phrase, a design
indicia or logo, or various combinations thereof.    4 In some applications
of the present invention, the filter arrangement generally comprises: (A) a
downstream air filter including a first media construction, for example a
pleated construction; and, (B) a prefilter including: (1) a layer of open
cell foam media; and, (2) a layer of fibrous media. The prefilter is
generally 



5   positioned upstream, relative to flow of air through the system, from
the first media construction. Hereinabove, a preferred such arrangement
utilized in conjunction with a circular cylindrical vehicle filter, was
described. Other usable arrangements are possible. One example is panel
filters, as shown in certain of the figures herein. In general, in
applications as engine air filters, filter arrangements 10   according to
the present invention were specifically designed to be efficient,
convenient and effective for use with light vehicles having engine sizes of
at least 1.2 liters, and typically 1.2 liters to 9 liters although the
arrangement can be used in other contexts. With class 5-7 trucks, for
example, the use will typically be with truck engines of 225 to 500
horsepower (about 168-373 KW). The air filter 15   arrangement typically
comprises a housing having an air filter construction, generally as
described herein, operably positioned within the housing, for use to filter
air. In many applications, the housing will have a radial air inlet and an
axial air outlet. In the context of cabin air filters, filter arrangements
according to the 20   present invention were specifically designed to be
efficient, convenient and effective for use with systems involving a
typical air flow, through the cabin air filter, on the order of about 75
cubic feet/min. (cfm) to 300 cubic feet/min. (about 2-9 cubic meters/min.)
Such cabin air filters are frequently used, for example, on automobiles,
truck cabins and agricultural (farm) tractors. 25                 Methods
of preparing constructions and methods of use are also provided. In the
drawings, various embodiments of the present invention are depicted. It
will be understood that in some instances relative material sizes and
component thicknesses may be shown exaggerated, for clarity in
understanding the 30   invention. The embodiments depicted in the drawings
are for purposes of example only. The techniques of the present invention
may be applied in a wide variety of specific constructions. AMENDED SHEET
WO 98/02232
PCT/US97/12290 5 Brief Description of the Drawings Fig. 1 is a perspective
view of a filter element including a prefilter according to the present
invention. Fig. 2 is a fragmentary cross sectional view taken along line
2-2, Fig. 5   1. 



Fig. 3 is an exploded view of the arrangement shown in Fig. 1. Fig. 4 is a
top plan view of a prefilter component of the arrangement shown in Figs.
1-3. Fig. 5 is a side elevational view of the component shown in Fig. 4. 10
Fig. 6 is a side elevational view of the component shown in Figs. 4 and 5;
Fig. 6 being from a different side than Fig. 5. Fig. 7 is a side
elevational view of an optional form of the component shown in Figs. 4-6;
in Fig. 7 indicia branded into the prefilter being depicted. Fig. 8 is a
side elevational view of an air filter arrangement according 15    to the
present invention shown positioned within a conventional housing; the
housing depiction being schematic, fragmentary and in cross-section. Fig. 9
is a perspective view of an alternate embodiment of a filter arrangement
according to the present invention. Fig. 10 is an end elevational view of
the arrangement depicted in 20   Fig. 9. Fig. 11 is a front plan view of
the arrangement shown in Figs. 9 and 10. Fig. 12 is a side elevational view
of the arrangement shown in Figs. 9-11. 25                 Fig. 13 is a
back-side plan view of the arrangement shown in Figs. 9- 12, with phantom
lines indicating a portion hidden from view. Detailed Description I.    The
Embodiment of Figs. 1-8 30                 The embodiment of Figs. 1-8 may
be used in a variety of systems. However, it was particularly developed for
utilization in association with air intake systems for light vehicles,
typically Class 5-7 trucks, or smaller vehicles such as    WO 98/02232
PCT/US97/12290 6 automobiles. These will typically be class 5 trucks about
the size of a one ton pickup down to passenger cars. Such vehicles
generally have engines (4-8 cylinders) of about 1.2 liters-9 liters; and,
under normal operation, with a typical engine load sufficient to move the
vehicle, must filter air efficiently under engine 5   intake airflow rates
of at least 200400 cubic feet per minute (about 5-11.5 cubic meters/min.).
By "under engine load" and similar terms, what is meant is under conditions
in which the engine is being operated to move at least the vehicle (with
its weight typically being at least 1,000 lbs.-2,000 lbs., i.e., about
454-910 kg), and 



not merely to idle. Conventional air filter arrangements for use in such
systems 10   generally include the utilization of pleated paper elements
having a surface area, upstream side, of about 10 sq. ft. to 75 sq. ft.,
i.e., about 0.9 sq. m. to 7 sq. m. Typically such arrangements are
configured in a generally cylindrical pattern, with an outside cylindrical
periphery or surface area of about 90 sq. in. to 950 sq. in. (about
580-6130 sq. cm), and with an outer diameter of about 5 in. to 25 in.
(i.e., 15   about 12 to 64 cm). From the descriptions it will be apparent
that such systems must move a rather large amount of air efficiently,
through a relatively small filter volume, for preferred filtering
operation. Arrangements according to the present invention are specifically
developed to enhance this operation in some applications. It is noted that
the principles described can be utilized in a variety of other systems, 20
however. Before a detailed presentation is made of preferred materials for
arrangements according to the present invention, and some theories
regarding the principles of operation are presented, a general discussion
will be made of various embodiments. 25 Example Embodiment - Circular Air
Intake Filter Attention is now directed to Figs. 1-8, in which a first
embodiment or arrangement according to the present invention is depicted.
Referring to Fig. 1, reference numeral 1 generally depicts a filter 30
arrangement according to the present invention. The filter arrangement 1
comprises two principal components: a prefilter 4; and, a primary or main
air filter 5. In certain preferred embodiments, the prefilter 4 is
removable from the primary air filter 5.    WO 98/02232
PCT/US97/12290 7 That is, filter 4 is merely stretched or slipped around
filter 5 and is not otherwise secured thereto in use. As will be
understood, in preferred embodiments the prefilter 4 has a somewhat elastic
character, and is sized to fit snugly around, and thus to circumscribe,
filter 5. 5                 For the arrangement shown in Fig. 1, filter 5
comprises a cylindrical air filter in a configuration well known for light
vehicles. Filter 5 is generally circular in plan view; i.e., when viewed
directly from the top or bottom. Referring to Fig. 2, air filter 5 includes
first and second opposite end caps 10 and 11. In general, filter media 12
is partially imbedded in, and extends between, the end caps 10   10 and 11.
In some preferred constructions, the media 12 will generally comprise 



cylindrically pleated media, for example surface loading pleated paper
media, pleated synthetic media, or a pleated composite media. In other
arrangements it may comprise depth media, or a combination of pleated
surface loading media and depth media. 15                 Referring to Fig.
2, the particular air filter 5 shown includes an inner liner 15 and an
outer liner 16. The inner and outer liners 15 and 16 are partially imbedded
in, and extend between, end caps 10 and 1 1. Each of liners 15 and 16 is
open. For example, it may be perforated, expanded or woven as a mesh, to
allow flow of air therethrough. The liners 15 and 16 generally border the
media 12, in air 20   filter 5, on downstream and upstream portions
thereof, respectively. It is noted that there is no requirement for inner
and outer liners in all arrangements according to the present invention.
However, in many applications they are preferred, since they lend support
to the structure and may facilitate assembly. Referring to Fig. 1, end cap
10 generally includes a circular seal bead 25   20 thereon. An analogous
seal bead 21, Fig. 2, is positioned on end cap 11. Indeed, in general,
filter 5 for the arrangement shown in Figs. 1-4 is symmetrical; i.e., end
caps 10 and 11 are generally mirror images of one another; and, the filter
5 can be positioned in a housing, not shown in Fig. 4, with either one of
the end caps (10,  11) positioned "up" or "out". For the arrangements
depicted, seal heads 20, 21 are 30   molded as part of the end caps 10, 1
1. For the particular arrangement shown in Figs. 1 and 2, end caps 10 and
11 are both "open" end caps. That is, each defines an inner aperture. In
WO 98/02232
PCT/US97/12290 8 particular, end cap 10 defines inner aperture 22; and, end
cap 11 defines inner aperture 23. The inner apertures (22, 23) permit air
flow into or from the filter interior, unless the corresponding end cap
(10, 11) is sealed against a closed surface. In typical operation, seal
beads 20 and 21 are sealed against a portion of a housing, 5   to prevent
flow of unfiltered air through apertures 22 and 23. Typically, one or the
other of apertures 22 and 23 will be sealed around an air outlet opening in
a housing during use. The other of seal beads 20 and 21 will be sealed
against a closed surface, typically a cover of the housing. Referring to
Figs. 1 and 2, in typical use, airflow will first be through prefilter 4,
then through outer liner 16, media 12 and 10   inner liner 15, and then
into inner cylindrical space or volume 24 of air filter 5, as the air is
filtered and then directed through the housing outlet. This will be further
understood by reference to Fig. 8. In Fig. 8, the housing 70 includes a
radially 



directed air inlet 71 and an axially directed air outlet 72. The housing 70
includes a cover 73 secured against sidewall 74 by wing nut 75 on center
post 76. As the cover 15   73 is compressed downwardly under forces
directed by the wing nut 75, it compresses seal bead 20 of end cap 10. The
opposite seal bead 21 of end cap 1l, is sealed around outlet opening 72 and
against the housing 70. Thus, for the system of Fig. 8, the filter
arrangement 1 is a removable and replaceable component in the housing 70.
20                 Herein the term "radial" in combination with the
description of the air inlet 71, refers to an air inlet that is generally
directed toward a central longitudinal axis 78 of the arrangement; i.e. in
the direction of a radius around the central axis 78. The term "axial", in
this context, is generally meant to refer to an air outlet 72 which directs
flow of filtered air outwardly from a filter interior in a generally
parallel 25   direction to the central longitudinal axis 78. Housing
systems which have radial inlets and axial outlets are well known in
vehicles such as light trucks and automobiles. In such systems, the air
filter construction is often oriented with central axis 78 extending
generally vertically, when the vehicle is at rest on a flat surface. 30
It is noted that in some arrangements the air inlet is "tangential", i.e.,
it is oriented to direct air flow in a circular or helical pattern around
the longitudinal axis. Principles according to the present invention may be
applied in such systems.    WO 98/02232
PCT/US97/12290 9 Referring to Fig. 2, for the specific preferred
arrangements shown, the inner liner 15 is generally an open mesh net such
as a mesh galvanized steel (for example 180 expanded metal); and, the outer
liner 16 is generally an expanded metal material such as galvanized steel,
having an open area of at least 50% typically at 5   least 70%. Of course,
alternate materials could be used. For example, a nylon or similar screen
material, such as is sometimes used in home window screens, is useable, in
some instances, as the inner liner. Herein the outer liner 16 will
generally be referred to as defining the outer surface or periphery 28,
Fig. 3, of element 5. For many arrangements 10   according to the present
invention, this outer surface, especially when utilized with light trucks
or automobiles, will have an area of about 90 sq. in. to 950 sq. in., i.e.,
about 590-6130 sq. cm. The term "area", in this context, is meant to refer
to the height or transverse dimension of liner 16 (between points A and B,
Fig. 3) multiplied by the outer circumference of the filter element 5,
typically defined by a 



15   circular edge of liner 16. Of course, this outer periphery or area is
not necessarily a measurement of the media upstream surface area, of filter
5. The upstream surface area of the air filter 5 may be the same as the
outer peripheral area defined in the previous paragraph, depending on the
nature of the design. If the most upstream air 20   filter media in air
filter 5 is a typical, conventional, depth media, the upstream surface area
(including open space) of this media will generally be about the same as
the outer peripheral area defined above. However, if the most upstream
media in the air filter 5 is a pleated media, its upstream surface area
will be substantially larger than the outer peripheral area described
above, for the air filter 5. A reason for this 25   is that the pleats
increase the upstream surface area of the media. In typical constructions,
utilized in light trucks or automobiles, the surface area of the upstream
surface of the media, when pleated media is used, will typically be about
10 sq. ft. to 75 sq. ft. (i.e., about 0.9-7 sq. m.) based on a pleat depth
of about 0.5 inch (about 1.25 cm) to 2.5 inch (about 6.35 cm), and a pleat
population of about 8 30   to 14 per inch (3-6 per cm) around the inner
periphery. Such pleat depths, and such a range of pleat population, is
typical for light vehicles. (Generally for the size of filter utilized in
light vehicles, if greater than 14 pleats per inch (6 per cm) are used
WO 98/02232
PCT/US97/12290 10 around the inner periphery, the pleats are undesirably
tight; and, if less than about 8 pleats per inch (3 per cm) around the
inner periphery are used, insufficient use has been made of the volume, for
efficient long time filtering.) For many applications of the present
invention, the primary air filter 5 5   will be substantially unchanged
from a conventional construction. Indeed, it may comprise an already
existing part of a design that has previously been used. In use, such
arrangements are typically positioned in conventional circular housings,
with a space or distance of about 0.25 to 0.75 inches (0.6 cm-2 cm)
existing between the outer liner 16 and a circular sidewall 74 of the
housing, the space being shown at 79 1 0   in Fig. 8, when the conventional
system is assembled. According to the present invention, the prefilter 4 is
sized and configured to fit within that space, in a convenient manner, to
increase filter efficiency and filter life time. Thus, prefilters according
to the present invention can be retrofit into existing filter arrangements,
if desired. Of course, the principles can be applied to newly designed
systems. 15   Hereinbelow, some examples of arrangements that can be
retrofit according to the present invention are provided. 



Herein, the term "filter lifetime" and variants thereof, refers to the
lifetime of ordinary intended use of a filter element or assembly, without
need for change or modification, and without regeneration of the media.
Filter lifetime is 20   generally measured by reference to a time period
until there has occurred a build up of some defined pressure differential
across the filter, as a result of particulate load on the filter. In
typical systems involving automobile and light truck engines (class 5
trucks and smaller), ordinary filter lifetime will be the period in which
the system can be operated without an increase in pressure differential
across the filter element 25   of greater than about 10 inches of water (25
cm of water) above the original pressure differential measured for a new,
clean element in the system. In typical such systems, the pressure
differential across a filter arrangement, under engine load, will be about
7" to 17" of H[err]O (i.e., about 17-43 cm of H[err]O). In larger trucks,
class 6 on up, filter lifetime is generally measured as being the time in
which the restriction 30   across the system reaches 25 inches of water
(i.e., about 64 cm of H20). When reference to pressure differential across
"the system" is made, the reference is    WO 98/02232
PCT/US97/12290 11 typically to the measurement of the pressure differential
from ambient, to the clean air outlet of the air filter system. It is
generally preferred to provide a system which has a desirable level of
filter efficiency with as long a lifetime as reasonably possible. In
general, 5   techniques according to the present invention can be utilized
to increase filter lifetime of otherwise conventional systems, through the
utilization of the prefilter. In some instances the prefilter 4 can even be
utilized to increase filter efficiency. In the assembly depicted in Figs. I
and 2, air filter 5 is provided with prefilter 4 positioned therearound.
The prefilter 4 comprises a covering or sheath 25 10   of filter media 26
which is positioned circumferentially around air filter 5, in a generally
covering relationship to upstream side 28 thereof. Upstream side 28 of
filter 5 is generally the outer peripheral area or side defined by outer
liner 16, upstream of filter media 12; i.e., it is the side or surface
through which air to be filtered is passed. 15                 In general,
for preferred arrangements the covering 25 of depth media comprises at
least two layers of media. In preferred systems, the prefilter comprises
two layers of media which differ from one another. For the particular
embodiment shown, the covering 25 comprises two layers of media 34 and 35,
Fig. 2. Layer 34 comprises the outer layer or most upstream layer; and,
layer 35 comprises an inner 



20   or more downstream layer of media. Referring to Fig. 2, in covering
25, layers 34 and 35 are secured to one another. In the particular
embodiment shown, the method of securing comprises a first row of stitching
37 along a first peripheral side edge 38 and a second row of stitching 40
along a second peripheral side edge 41. In the arrangement depicted,
prefilter 5 is formed from a strip, comprising media layers 34, 25   35,
which has been sewn into a circular configuration by stitching 42 at
transverse seam 43, Fig. 3. Herein the term "transverse" in connection with
defining the seam in a circular arrangement, refers to a seam which is
directed transversely to a circular dimension of the media in the prefilter
5. In this instance, the "transverse" direction is the direction generally
parallel to a central longitudinal axis of the cylindrical 30   arrangement
and extending between the opposite, circular, edges of the prefilter 4. For
the particular preferred arrangement depicted, upstream layer 34 comprises
a non-woven fibrous depth media; and, downstream layer 35 comprises    WO
98/02232
PCT/US97/12290 12 an open cell foam media. For one particular embodiment,
the outer layer 34 of depth media would comprise, for example, polyester
fibers; and the inner layer 35 will comprise, for example, polyurethane
foam. The stitching for such an arrangement could comprise, for example,
any sufficiently strong thread or cord, typically applied 5   as a surge
stitch. The preferred arrangement shown does not have any upstream or
downstream liner attached to the prefilter 4. In preferred arrangements,
each of layers 34 and 35 comprises "depth" media. The term "depth" in this
context refers to a media which, during filtering, traps particles
generally within, and at least partially throughout, its depth, 10   rather
than principally on its outer surface. Both fibrous media and open cell
foam media are well known forms of depth media. These are distinguished
from well known surface loading media such as conventional pleated paper
(cellulose) media. It is noted that the media 12 within air filter 5 may
comprise either a surface loading media or a depth media, or a combination
of both. Typically, however, prefilter 4 15   will not be preferred unless
it comprises only layers of depth media. In general, when at least one of
the layers (34,35) of depth media comprises an open cell foam such as a
polyurethane foam, the prefilter 4 will be relatively strong and durable.
It may also be constructed to possess some elastic character, due to the
somewhat rubbery or elastic nature of foam, so that it can be 20
stretched over filter 5. If it is appropriately sized, it would then snugly
secure itself against filter 5. It is not necessary that the prefilter 4
cover the second filter 5, 



without any possible region of non-coverage, since the prefilter 4 will
provide its filtering function quite well, even if some small portions of
no coverage, along edges for example, do occur. However, preferably
prefilter 4 is sized to cover at least 25   90%, more preferably at least
95%, and most preferably at 100%, of the open surface area 28 along outer
liner 16 through which air will pass during filtering. In use, an
arrangement constructed such as that shown in Figs. I and 2 will be
provided with relatively long life, by comparison to conventional elements
without the prefilter. The prefilter 4 will allow for a substantial loading
of 30   particulates, with a generally slower rate of increase in pressure
differential across the filter element. This is because the prefilter 4 is
generally depth media, and capable of high load and relatively good
efficiency, without an undesirably rapid    WO 98/02232
PCT/US97/12290 13 increase in pressure differential. The filter media of
the second filter 5, then, will serve to provide an efficient downstream
filter for protection against engine damage, due to particulate material
that may either bypass prefilter 4 or simply pass through the prefilter 4.
5                 It is anticipated that in typical constructions,
involving the preferred materials identified herein and used with truck
engines or automobile engines, at least about 10% and typically about 40%
to 60%, by weight, of the particulate material loaded onto the overall
filter arrangement 1 during normal use, will be loaded onto the prefilter
4, with the remainder being loaded on the second filter 5, 10   both at any
selected point after substantial use, and also at filter lifetime. By
"substantial use", it is meant that the use has been long enough to lead to
significant loading of particulates, typically reflected by a pressure
differential increase across the filter element or system of at least about
2" (i.e., at least about 5 cm). In a typical embodiment, such as that
shown, end caps 10 and 1 1 will 15   comprise conventional plastisol end
cap material, such as that commercially available from Dennis Chemicals,
St. Louis under the designation 9188-2, molded in a conventional manner to
a Durometer of at least about 54, Shore A. The filter media 12, of the
filter 5, may comprise conventional pleated paper (automotive) filter
material; however, other materials may be selected. It is anticipated that
if 20   appropriately configured, the prefilter 4 may be utilized to
improve the performance of a filter element such as air filter 5, when any
of a variety of specific materials are utilized as the media 12 in the air
filter 5. It is foreseen that, in some applications, prefilters according
to the 



present invention can be utilized in association with large drum-shaped
filter 25   elements, such as used in larger vehicles, i.e., light trucks
and larger. Such filters typically have an outside diameter of at least 6
inches, i.e., about 15 cm (up to about 25 inches, i.e., about 64 cm), and a
height of at least 8 inches, i.e., about 20 cm (up to about 20 inches,
i.e., about 51 cm). In many systems, such arrangements comprise filter
elements having: one open end cap, with a central aperture; and, one 30
closed end cap. The closed end cap generally completely closes one end of
the cylindrical structure to air flow passage therethrough; that is, it has
no central aperture. The open end cap, of many such systems, is provided
with a radial seal    WO 98/02232
PCT/US97/12290 14 construction for sealing the element to an outlet tube.
Such filter elements may comprise a variety of materials, including depth
media or pleated media. Prefilters generally described hereinabove, but
sized to fit such arrangements, can readily be prepared. Drum filters
utilizing radial seals are described, for example, in U.S. 5   Patents
4,720,292; 5,423,892 and 5,082,476. The end caps preferably comprise soft,
elastomeric polyurethane as described in U.S. Serial No. 08/551,898 and
U.S. Serial No. 08/371,809. The complete disclosures of 4,720,292;
5,423,892; and 5,082,476; and also U.S. Serial Nos. 08/371,809 and
08/551,898 are incorporated herein by reference, in their entirety. It is
noted that drum filters can be configured with axial 10   seals, and that
prefilters according to the present invention may also be used with such
arrangements. Attention is now directed to Fig. 7. Fig. 7 is a side
elevational view of a particular prefilter 85, according to the present
invention, depicted positioned around a filter 5. Peripheral edge seams 86
and 87 are depicted. The prefilter 85 15  includes, as an outer layer of
media therein, fibrous depth media 88. In the version of Fig. 7, an outer
surface 89 of depth media 88 has been "branded" or "embossed", to depict
indicia 90. For the particular arrangement as shown, in region 91 the
fibrous media 88 has been compressed, leaving indicia 90 as raised area.
The compression can be caused using pressure and heat, since fibrous 20
media of the type from which such a media layer 88 will typically be
formed, is readily compressible and deformable. When the media generally
comprises polyester fibers of about 12-40 microns diameter, branding or
embossing can be accomplished by pressing a heated platen, at a temperature
of about 300 F (about 150[err] C), into the depth media and holding it
there, for up to about 15 seconds. The 25   amount of pressure need only be
enough to "bottom" the platen on the media. 



Typically, the platen will be an aluminum or steel embossed piece, with a
Teflon or similar coating, at least on the side which engages the fibers.
Of course the indicia may comprise information, trademark designations,
decoration or serve any of a variety of other purposes. In general,
however, in regions 91, where the outer 30   portion 89 of layer 88 has
been compressed or embossed, the outermost surface is no longer as
efficient and effective as filtering media. Thus, the amount of surface
area which has been "branded" or "embossed" will generally be chosen to be
only a small    WO 98/02232
PCT/US97/12290 15 portion of the overall surface area 89. It has been found
that up to at least about 5% of the media surface 89 can be embossed or
branded, without substantially undesirably affecting prefilter operation,
in a typical construction 85. In those preferred embodiments in which the
prefilter comprises an 5   outer layer of fibrous media and an inner layer
of foam media, the outer layer of fiber media may be considered as a
"particle impactor" media. That is, it is the media which particles carried
by an air stream will tend to first encounter. It will typically be a "high
velocity" impact media, since the particles will have lost momentum as a
result of collisions with the fibers in the outer layer, before they 10
reach the inner layer. That is, particles which become trapped in the inner
foam layer, of the prefilter, or even in the downstream air filter, will
typically have had their velocity or momentum reduced, as a result of
collisions with the outer layer of fibrous media. This can be highly
advantageous, since it can facilitate efficient operation of the system. 15
II.    An Alternate Embodiment: Figs. 9-13 Certain principles according to
the present invention may be applied in alternate filter constructions. For
example, some may be applied in panel filters. An embodiment demonstrating
this is illustrated in Figs. 9-13. 20                 Referring to Fig. 9,
a panel filter construction is depicted generally at reference numeral 101.
Panel filter construction 101 includes a most downstream surface 102
provided with an end cap and sealing rim 104. Along downstream surface 102,
panel filter 101 includes a liner 105, Fig. 11. For the embodiment shown,
the liner 105 comprises expanded metal, having an open area of at least 50%
25   and preferably at least about 70%. Referring again to Fig. 9, behind
liner 105, panel filter 101 includes, in a conventional manner, pleated
filter material 107. The pleated filter material 



107, for preferred embodiments, will comprise a pleated paper material,
pleated synthetic material, or a pleated composite. The material may
comprise, for example, 30   a standard cellulose automotive filter media.
In the arrangement shown, the pleats of pleated media 107 are edge sealed
or "closed." That is, each pleat comprises two panels which are secured
closed to one another, folded and/or bead sealed, so that air    WO
98/02232
PCT/US97/12290 16 cannot pass around the panels and bypass filtering. This
is a conventional approach for panel filters. Referring to Fig. 12, panel
filter 101 includes a prefilter construction 110 positioned upstream of the
pleated filter material 107. The prefilter construction 5   1 10 includes
multiple layers of depth media, preferably at least two layers differing in
construction from one another. For the particular arrangement shown,
prefilter construction 1 10 includes a first layer 1 12 of depth media and
a second layer 1 13 of depth media. The first layer 112 is a most upstream
layer, and is the layer through which the air is first filtered, as it
passes through the panel filter 101. Layer 113 is a 10   more downstream
layer, in the prefilter construction 110, and is positioned between the
first layer 112 and the pleated filter media 107, at least in certain
preferred locations. Referring to Fig. 9, for the preferred embodiments
shown, the second layer 113 preferably comprises a sheet of foam media, for
example polyurethane 15   foam, positioned along pleat tips 115, on an
upstream side 116 of pleated filter material 107. For the embodiment shown,
layer 112 comprises a sheet of fibrous depth media, for example non-woven
fibrous depth media, fit over the sheet of foam 11 3. Referring to Fig. 9,
the sheet 120 of fibrous media includes overlapping 20   surface 121 and
end flaps 122, 123. Overlapping surface 121 fits snugly over sheet 1 13 of
foam material. End flaps 122, 123 fit along edges 124, 125 of sheet 1 13
and pleated filter material 107. Referring to Fig. 13, glue lines 130, 134
secure sheet 113 to the pleat tips 1 16. Similar glue lines (not shown) can
be used between sheet 1 13 and sheet 1 12. 25                 It can be
seen, from a review of Figs. 9-13, that panel filter 101 has a somewhat
analogous construction to arrangement 1, Figs. 1-8. Air to be filtered
generally first passes through layer 112. For the most part, it will pass
through second layer 113 before entering pleated filter material 107. Along
the end folds 122, 123, some air will pass directly from the first layer
112 into the pleated filter 



30   material 107, without passing through the second layer 113.    WO
98/02232
PCT/US97/12290 17 Certain Preferred Constructions In the following
discussion, some preferred constructions are provided, for utilization in
certain applications. From these descriptions, more general applications of
the invention will be apparent. 5                 In many applications, the
prefilter will be designed as a retrofit for already existing commercial
filter products and vehicles. That is, the vehicle already has a housing
and cylindrical filter element, or a panel filter and housing, in its air
filter assembly. When the system is a cylindrical filter, according the
present invention, a prefilter would be provided, to slip around the outer
periphery or 10   circumference of the air filter, circumscribing same. The
prefilter would fit in the housing in a space between the outer periphery
of the pre-existing cylindrical filter, and the wall of the housing, as
shown in Fig. 8. As a result of the provision of prefilter, an overall
assembly having improved filter performance and lifetime is provided. 15
Typically, the distance between the cylindrical filter element 5 and the
housing wall will be about 0.5 inch (1.25 cm) to 0.75 inches (about 2 cm),
in conventional systems without the prefilter 4. In some constructions,
when installed, the prefilter 4 will almost completely fill the space. In
others, the prefilter will in fact fill the space and be compressed
slightly. In still others, there will be some 20   space left between the
prefilter and the housing wall. For the systems described, preferred
prefilters comprise a layer of foam depth media having a layer of fibrous
depth therearound. The foam media may comprise a variety of polymers, but
polyurethane will generally be the preferred foam media due to its
availability and 25   its predictable characteristics. Generally, a foam
material having a cell density of at least 30 pores per inch (11 pores/cm),
and not greater than about 80 pores per inch (32 pores/cm), will be
preferred. A reason is that when the cell density is below about 30 pores
per inch, the foam is so open and permeable, that it is not very efficient
as a filtering material. However, when the cell density is greater than
about 30   80 pores per inch, the filter pores are typically so small they
tend to plug easily, with a concomitant reduction in filter lifetime. The
most preferred polyurethanes presently identified for use in arrangements
according to the present invention have  



18 a cell density of about 50 to 55 pores per inch (19-22 pores/cm). The
term "pores per inch" as used herein refers to the number of pores
encountered in a linear direction, on the surface of the foam material,
over the distance identified. It is a conventional term for designating
foam. 5                In general, urethane foams according to the present
invention should preferably be finished foams or "quenched" foams. Foam
materials having the appropriate density and finish can be readily obtained
from foam suppliers such as Foamex of Philadelphia, Pennsylvania. The
thickness of the foam will be selected depending upon the 10   particular
use involved. For a typical vehicle panel filter, a foam layer having a
thickness of about 1/2 inch (1.25 cm) will typically be usable and
preferred. With circular light vehicle filters, foam thickness of about 1/4
inch (.64 cm) will typically be preferred. Also, in preferred systems, the
outer or most upstream layer of media 15  in the prefilter comprises a
fibrous depth media. Preferably, a media comprising polyester fibers is
used. In general, conventional media can be used. Typical fibrous depth
media usable will comprise either a blend involving a range of fiber sizes,
or a uniform fiber size. Some typical, commercially available, conventional
blends use a range of fibers, generally within the range of 12 microns to
40 microns. A usable, 20   commercially available, uniform fiber material,
described hereinbelow, has a fiber size of about 12.5 microns. With typical
preferred blends, the average fiber size should be within the range of
about 15-30 microns, typically about 20 microns. A usable fibrous depth
media material is KemWove 4.2 ounce (0.12 25   kg), available from KemWove,
Inc. of Charlotte, North Carolina 28241. The material is described in U.S.
5,423,892, incorporated herein by reference. This material has a basis of
weight about 4.2 ounces per square yard (0.14kg/m[err]), and can be
obtained at a thickness, free state, of about 1/2 inch (12.7 mm). The
average fiber size is about 20 microns, and the material exhibits a
permeability (Fraser test) of at 30  least 500 feet per minute (2.54 m/s)
minimum. Similar materials, also usable, can be obtained from a variety of
other suppliers, such as Fiberbond Inc., of Michigan City, Indiana. AMENDED
SHEET    



19 In some instances, a more open fiber material will be desired. One such
material is KemWove 8643, also available from KemWove. The material is
described in U.S. 5,423,992, incorporated herein by reference. The material
has a basis weight of about 3.1-3.8 oz./yd.2 (0.11 -0.40 kg/m[err]), and
average free state 5   thickness of about 0.32-0.42 inches (8.1-10.7 mm).
It has a minimum permeability of about 370 ft./min. (1.88 m/s) and
comprises an average fiber size of about 12.5 microns. In general thicker
(1/2 inch (12.7 mm)) fibrous material would be preferred for constructions
involving panel filters, so that the overall prefilter 10   thickness would
be about 1/2 inch (12.7 mm); and, the thinner more open material, for
example KemWove 8643, will be preferred in the circular, automotive,
filters wherein the overall prefilter thickness is about 3/8 inch (i.e.,
about 0.95 cm). Herein the term "face velocity" refers to the velocity of
air required to induce a 0.5 inch (i.e., about 1.25 cm) water restriction
using a Frazer permeability 15   testor. Herein the term "free state" when
used in reference to a characteristic of filter media, refers to a
characteristic of the material from which the prefilter 4 is made, prior to
being incorporated into the prefilter 4. For example, free state thickness
of the foam from the supplier, or the free state thickness of the fibrous
20   depth media from the supplier. It will be understood that during
construction of prefilter 4, each of the layers may be compressed somewhat.
Some level of compression may even be desired in certain systems, in order
to increase the density (or percent solidity) of the filter media and thus
its efficiency. The size of the two layer strips will be defined by the
filter element it 25   needs to fit around. For a typical automotive or
light truck air filter having an outside diameter of about 30 cm, and a
height of about 8 cm, the two layer strip will preferably be made about 95
cm x 8 cm, with the layers sewn to one another along outer longitudinal
edges by a surge stitch using a strong thread or cord. The strip can be
sewn into a circular ring pattern by a transverse seam, using a similar
stitch. The 30   number of stitches per inch along any of the sewn seams
does not appear critical, as long as it is sufficient to ensure structural
integrity. Preferably the transverse seam is first made, and the system is
turned inside out, in use, as shown in Fig. 3. Such an arrangement will
snugly fit around the outer perimeter of the AMENDED SHEET    WO 98/02232
PCT/US97/12290 



20 circular (or oval) air filter, and will be sized to fit within the
housing between the air filter and housing wall. A construction of about
the above type would be usable, for example, to improve the filter
performance of the following vehicles: 5                Air filter (round)
used on Buick Skylark 4 cylinder 1.8 liter with throttle body fuel
injection; Century and Skylark with 4 cylinder 2.5 liter with throttle body
fuel injection; Chevrolet Camaro, Celebrity and Citation with 4 cylinder
2.5 liter with throttle body fuel injection; Oldsmobile Cutlass Cierra and
Omega with 4 cylinder 2.5 liter with throttle body fuel injection; Pontiac
J2000 4 10   cylinder 1.8 liter with throttle body fuel injection;
Firebird, Phoenix and 6000 with 4 cylinder 2.5 liter with throttle body
fuel injection, (Replaces: AC p/n A785C); Air filter (panel) used on Buick
Skylark, Chevrolet Citation, Oldsmobile Omega, Pontiac Phoenix with V6 173,
(Replaces: AC p/n A735C; GMC p/n 8996555); 15                Air filter
(round) used on Buick, Chevrolet, Chevrolet trucks, GMC trucks, Oldsmobile,
Pontiac, (Replaces: GMC p/n 6484235, AC p/n A348C); Air filter (round) used
on Buick, Chevrolet Corvair, Chevrolet, Chevrolet trucks, GMC trucks,
Oldsmobile, Pontiac, (Replaces: GM p/n's 6419892, 6420934, AC p/n A178CW);
20                Air filter (round) used on Buick, Chevrolet Corvair,
Chevrolet, Chevrolet trucks, GMC trucks, AMC Jeep, Oldsmobile, Pontiac,
(Replaces: GMC p/n 6483645, AC p/n A329C); Air filter (round) used on
Chevrolet cars and trucks with V6 229 and V8 267 engines, (Replaces: AC p/n
A773C); 25                Air filter (round) used on Ford, Ford trucks,
Lincoln Mercury, (Replaces: Ford p/n's D2AF-9601AA, D2AZ-9601A; Motorcraft
p/n FA-97); Air filter (panel) used on Audi 4000, 4000S, Fox, Volkswagon
Daher, Jetta, Quantum, Rabbit, Scirocco and pickup truck; Chrysler products
with 4 cylinder 2.2 liter, throttle body fuel injected and multi-port fuel
injected engines; 30   Ford Escort 4 cylinder 1.6 liter turbo, 1.9 liter
electronic fuel injected, (Replaces: Chrysler p/n's 4241042, 4342800; Ford
p/n E4FZ-9601A; Motorcraft p/n's FA- 103 1, FA-999);    WO 98/02232
PCT/US97/12290 21 Air filter (panel) used on Buick Lesabre and Riviera V6
3.0 liter 



multi-port fuel injection; Electra, Lesabre and Riviera with V6 3.8 liter
with sequential fuel injection; Oldsmobile, Delta 88, Royale, Toronado and
Ninety-Eight with V6 3.0 and 3.8 liters with sequential fuel injection,
(Replaces: GM p/n 5 25095333 and AC p/n A974C); Air filter (panel) used on
models without carbon type filter; Dodge Aries K, Plymouth Reliant K, Dodge
Omni, Plymouth Horizon with 2.2 liter engine, (Replaces: Chrysler p/n's
4227087, 4342801); Air filter (panel) used on Ford Taurus, Aerostar,
Mercury Sable 4 10  cylinder and V6, (Replaces: Motorcraft p/n FA 1043,
Ford p/n ECAZ-9601B); Air filter (round) used on Dodge, Dodge trucks,
Plymouth and American Motors, (Replaces: Chrysler p/n 1739547, AMC p/n
8992661); Air filter (round) used on Ford Fairlane, Fairmont, Granada, LTD,
Maverick, Mustang, Pinto, Thunderbird, light trucks, Bronco, Ranchero,
Mercury 15   Bobcat, Capri, Comet, Cougar, Marquis, Montegro, Toyota
Celica, Corona, Cressida and Hi-Lux pickup, (Replaces: Ford p/n D4ZZ-9601
AA; Motorcraft p/n FA-584R); Air filter (panel) used on Ford Bronco,
pickups and vans; Except 7.3 liter diesel, 6 cylinder 4.9 liter fuel
injected Bronco and 5.0 liter four barrel carbureted and fuel injected,
(Replaces: Motorcraft p/n FA-1046); 20               Air filter (panel)
used on Ford Mustang, Mercury Cougar, (Replaces: Ford p/n's D3ZF-9601AA,
D3ZF-9601A; Motorcraft p/n FA-574); Air filter (panel) used on Ford Falcon,
Mustang; Mercury Comet, American Motors, (Replaces: Ford p/n C5ZZ-9601A,
CIKE-9601A; AMC p/n 8991386; Studebaker p/n 1561842); 25               Air
filter (panel) used on Mercury Topaz and Ford Tempo with 2.3 liter high
swirl combustion engine, (Replaces: Ford p/n's E43E-9601 CA, E43- 9601CB;
Motorcraft p/n FA-971); Air filter (panel) used on Chevrolet S-10 and
Blazer, GMC S-15 and Jimmy with 4 cylinder 1.9 liter or 2.0 engine,
(Replaces: AC p/n A826C; GMC p/n 30   25041542); Air filter (oval) used on
Ford Escort, Exp and Mercury Lynx, LN-7. (Replaces: Ford p/n EIFZ-9601A;
Motorcraft p/n FA-7 13);    WO 98/02232
PCT/US97/12290 22 Air filter (panel) used on Ford pickup trucks with 5.0
liter V8 electronically fuel injected engine, (Replaces: Ford p/n
E5TE-9601AB; Motorcraft p/n FA- 1032); and 



Air filter (panel) used on Buick Skylark, Cadillac Cimmaron, 5   Chevrolet
Celebrity, Oldsmobile Firenza, and Pontiac 6000, With V6 2.8 liter multi-
port fuel injected engines, (Replaces: GMC p/n 25043119; AC p/n A905C; Fram
p/n A1 098C). As indicated above, in preferred arrangements according to
the present invention, the prefilter comprises two layers, an inner layer
of foam and an 10   outer layer of fibrous depth media. In typical
constructions, the fibrous depth media will be a more efficient filtering
media than the foam media, thus certain preferred prefilters may have a
"reverse" gradient, in theory. In practice, however, such an arrangement
may be preferred for a variety of reasons. For example, the foam
construction adds strength and integrity to 15   the system, and
facilitates stretching and sliding over the filter element. It is less
likely to be caught, as it encounters metal spurs or the like on an outer
layer, as it is slid over the filter. Also, the foam will have some stretch
or give, to facilitate a snug fit. In addition, fibrous depth media can
sometimes operate as an 20   agglomerating filter. That is, it can collect
very fine particles and agglomerate them as larger particles. In some
instances these larger agglomerated particles may become knocked loose from
the fibrous media. However, they would typically be trapped within the
underlying foam media, in an efficient manner.    23 1.    A filter
arrangement (1) comprising; (a)     a prefilter construction (4) including:
(i) a layer of fibrous depth media (34); and (ii) a layer of foam media
(35); said layer of foam media (35) being secured to said layer of fibrous
depth media (34) by stitching. 2.     A filter arrangement (1) according to
claim 1 further including: (a)    an air filter (5) having: first (10) and
second (11) end caps; and, an outer peripheral surface (16); (i) said
prefilter construction (4) circumscribing said air filter (5) and oriented
in covering relation to said outer peripheral surface (16). 3.    A filter
arrangement (1) according to claim 2, further including: (a)    an air
cleaner having: a housing (70) having an air inlet (71) and an axial air
outlet (72); (i) said air filter (5) and said prefilter construction (4)
being positioned within said air cleaner housing (70). 



4.    A filter arrangement (1) according to any one of claims 2 and 3
wherein: (a)    said air filter (5) includes a cylindrical pleated media
construction (12) positioned between an inner liner (15) and an outer liner
(16); (i)    said outer liner (16) comprising said outer peripheral surface
(16). 5.    A filter arrangement (1) according to any one of claims 2-4
wherein: (a)    said first end cap (10) is an open end cap having an axial
seal bead (20) thereon; and (b)    said second end cap (11) is an open end
cap having an axial seal bead (21) thereon. 6.    A filter arrangement (1)
according to any one of claims 1-5 wherein: (a)    said layer of foam media
(35) comprises a most downstream layer of filter media within said
prefilter construction (4)    24 7.    A filter arrangement (1) according
to any one of claims 1-6 wherein: (a)    said layer of fibrous depth media
(34) comprises a non-woven layer at least 0.25 inches thick and having a
permeability, free state, of at least 200 ft. per min. 8.    A filter
arrangement (1) according to any one of claims 1-7 wherein: (a)    said
layer of foam media (35) comprises an open cell polyurethane foam having a
cell density of at least 30 pores per inch. 9.    A filter arrangement (1)
according to any one of claims 1-8 wherein: (a)    said prefilter
construction (4) comprises a two layer strip of media sewn into a circular
ring, along a transverse seam (43). 10.   A filter arrangement (1)
according to any one of claims 1-3 wherein: (a)    said prefilter
construction (4) has a ring configuration with an outer layer (34) of media
and an inner layer of media (35); (i)    said outer layer of media
comprising said layer of fibrous depth media (34); and, (ii)   said inner
layer of media comprising said foam media (35). 11.   A filter arrangement
(1) according to any one of claims 1-10 wherein: (a)    said prefilter
construction (4) comprises a two layer strip of media sewn into a circular
ring, along a transverse seam (43). 12.   A filter arrangement (1)
according to any one of claims 1-11 wherein (d)    said air filter (5)
comprises a vehicle air filter (5) constructed and arranged for filtering
air at a flow rate of at least 200 cubic feet per minute therethrough,
during normal engine operation with load. 



13.   A filter arrangement (1) according to any one of claims 1-12 wherein:
(a)    said stitching (42) includes: (i) a first set of stitches (37) along
a first circular rim (38);    25 (ii) a second set of stitches (40) along
an opposite second circular rim (41); and (iii) a third set of stitches
along said transverse seam (43) extending between the first (38) and second
(4 1) circular rims. 14.   A method for servicing a filter arrangement (1)
having a prefilter construction (4) and an air filter (5); the prefilter
construction (4) having a layer of fibrous depth media (34) and a layer of
foam media (35) secured to the layer of fibrous depth media (34) by
stitching (42); the air filter (5) having first (10) and second (11) end
caps, and an outer peripheral surface (16); said method comprising a step
of (a)    slipping the prefilter construction (4) over and around the air
filter (5) to cover the outer peripheral, surface (16) of the air filter
(5) with the prefilter construction (4). 1 5.   A method according to claim
14 wherein: (a)    said step of slipping includes slipping the prefilter
construction over and around the air filter in a vehicle having an engine
size of at least 1.2 liters. 16.   A method according to claim 15 further
including: (a)    removing from the vehicle the air filter having a
previous prefilter mounted thereon; (b)    removing from the air filter the
previous prefilter, (c)    positioning a new prefilter according to claim 1
on the air filter; and (d)    installing the combination of the air filter
and prefilter into the vehicle. 17.    A method according to any one of
claims 14 and 15 wherein: (a)    the air filter has an outer liner
extending between the first and second end caps; the outer liner defining
the outer peripheral surface; and (b)    said step of slipping includes
slipping the prefilter construction over and around the air filter to cover
the outer liner with the prefilter construction. 18.    A method according
to any one of claims 14, 15, and 17 wherein:    26 (a)    said layer of
foam media (35) comprises a most downstream layer of filter 



media within said prefilter construction (4); and (b)    said step of
slipping includes slipping the prefilter construction over and around the
air filter to engage the layer of foam media against the outer peripheral
surface of the air filter. 19.   A method according to any one of claims
14, 15, 17 and 18 wherein: (a)    said step of slipping includes slipping
the prefilter constructing over and around the air filter, wherein the air
filter includes pleated media having an upstream surface area within the
range of 10 sq. ft. to 75 sq. ft. 20.   A method according to any one of
claims 14, 15, and 17-19 wherein: (a)    said step of slipping includes
slipping the prefilter constructing over and around the air filter, wherein
the layer of fibrous depth media, within the prefilter, has an average
fiber diameter within the range of 12-40 microns. 21.    A method of
filtering engine intake air to a vehicle having an engine size of at least
1.2 liters; said method including a step of. (a)    directing intake air
through a prefilter and then through an inner filter of an air filter
arrangement comprising: (i)    an inner air filter including: (A)   first
and second end caps; (B)   an outer liner extending between the first and
second end caps; the outer liner having a first open surface area; (C)
cylindrical extension of pleated filter media circumscribed by the outer
liner and extending between the first and second end caps; (ii)    a
removable and replaceable prefilter circumscribing the inner filter and
covering a portion of the first open surface area of the outer liner; (A)
the removable and replaceable prefilter comprising a ring construction of
filter material including at    27 least first and second layers of filter
media secured together; (1)   the first layer generally circumscribing the
second layer; (2)   the first layer comprising non-woven fibrous depth
media having an average fiber diameter of no greater than 40 microns; and 



(3)   the second layer comprising a layer of foam media including an open
cell foam having a cell density of 30 to 80 pores per inch. 22.   A method
of filtering according to claim 21 wherein: (a)    said step of directing
comprises directing through a prefilter wherein: (i)   the first layer of
the prefilter comprises polyester fibers having an average fiber diameter
within the range of 12-40 microns; and. (ii)   the second layer of the
prefilter comprises polyurethane foam- 23.   A method of filtering
according to any one of claims 21 and 22 wherein: (a)    said step of
directing comprises directing through an inner filter wherein: (i)   the
pleated media has an upstream surface area within the range of 10 sq. ft.
to 75 sq. ft; (ii)   the inner filter includes an inner liner and the
pleated media has a pleat population within the range of 8 to 14 per inch,
around an inner periphery; (iii)  the inner filter has an outside
cylindrical surface area within the range of 90 sq. in, to 950 sq. in.; and
(iv)   the outer liner has an open area of at least 70%. 24.   A method of
filtering according to any one of claims 21-23 wherein: (a)    said step of
directing comprises directing through a prefilter wherein: (i)    said
first and second layers are secured to one another by stitching.    28 25.
A method of filtering according to any one of claims 21-24 wherein: (a)
said step of directing comprises directing through an inner filter wherein:
(i)   said first end cap includes an axial seal bead; and (ii)   said
second end cap includes an axial seal bead. 26.   A method of filtering
according to any one of claims 21-25 wherein: (a)   said step of directing
comprises directing through an inner filter wherein: (i)   said pleated
media comprises pleated paper media.    


