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PLEATED FI LTER ASSEMBLY Background and Field of the Invention

TArs Tnveniron relates to a filter housing and pleated filter for the
filtration of particulate matter 10 from fl uids, particularly air.

There are many _known filters that use a fibrous nonwov fh&ﬂ [ nedla
that is pleat 1909 o zi gzag shape. This shape of fil

desirable in terns of providing good filter efficiency and Ioadlng
capacity 15 in a relatively small cross- sectional ar ea. The
structural integrity of the pleated filter' -zi gzag shape is typically
provi ded by a Pigidifying nenBEFAQEQKEIHﬂﬁéhAFEEMFF ter material. For
exanpl e, U.S. Patent No. 3,793,813 discusses the use of a 20 cardboard
frame in which is included the flbrous fllter material. Al so enployed
in the art are w SYHSPOT d Fi [VEREAANi n U, S. Patent No.
3,853, 529 and poI VIS G.nfreﬂtﬂd)ﬁ yr@:gaﬁ@é ald al $1\Mié§h1<§ii§1dij sigsed, for
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10 from fluids, particularly air.
There are many known filters that use a fibrous
nonwoven filter media that is pleated into a zigzag
shape. This shape of filter media is desirable in terms
of providing good filter efficiency and loading capacity
15 in a relatively small cross-sectional area.
The structural integrity of the pleated filter’s
zigzag shape is typically provided by a rigidifying
member other than the filter material. For example,
U.S. Patent No. 3,793,813 discusses the use of a
20 cardboard frame in which is included the fibrous filter
material. Also employed in the art are wire supports,
such as discussed in U.S. Patent No. 3,853,529 and
polymeric rigidifying materials which are disclosed, for
example, in U.S. Patent Nos. 5,376,218, 5,240,479 and
25 5,306,321 and PCT Application No. 93/11849. With the
possible exception of thicker wire mesh support,
generally these rigidifying elements are not
sufficiently rigid at the bending lines to maintain the
pleat spacing of the filter material and additional
30 external supports are required. A common approach is
to adhesively secure the side edges of the pleated
filter to the sidewalls of a rigid filter frame, such as
disclosed in U.S. Patent Nos. 5,397,632 and 5,098,767.
However, there have been proposals to maintain pleat
'35 spacing by other ‘méthods including adhesive Beads placed
on the str1p along the tops of the pleat structures as
" disclosed in U.S. Patent No. 3 692 184 and a bead of h
adhesive, such as disclosed in U.S. Patent No.
3,397,518.
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In U.S. Patent No. 5,167,740 the pleat spacing of a
zigzag filter is maintained by placing the filter
material, along with any polymeric rigidifying netting,
into a jig'with a portion of thermoplastic filter
material and netting extending beyond the jig. This
extended filter and netting material is then swiped with
a heated platen while in the jig. This fuses the
thermoplastic filter material and netting forming a
rigid continuous side panel of the fused thermoplastic
material. As the fused side panel is still continuously
connected to the pleated filter material the pleat
spacing of the filter material is locked in place.

Mechanical means for maintaining pleat spacing
include zigzag teeth-type elements. In U.S. Patent No.
3,793,813, two zigzag shaped ribs are placed along two
opposing sidewalls of a filter housing. The rigid
pleated filter, in a cardboard frame, sits on these ribs
so that the ribs maintain the pleat spacing of the
filter. In U.S. Patent No. 4,547,850, two tapered combs
are placed on the downstream face of a pleated filter
where the teeth of the combs extend partially into the
upstream pleat structures. The teeth of the combs space
the pleats on one face of the zigzag filter. The airflow
presses the filter media against the teeth on the

oppgﬁ;gq%;gcthhergby-maintaining the-pleat”spacing~on*-5"

that face. In both of the above patents the filter media

would be pressed into the teeth valleys by the oncoming

air stream. A problem with this approcach is that the

filter media can easily fall out if not restrained on
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15 falling out, however, filter media performance is lost
where the opposing teeth elements engage. In the first
two patents, multiple interengaging teeth elements are
placed along the central body portion of the filter
housing, although in the ‘050 patent the opposing teeth

20 do not fully engage. This is to avoid overly
compressing the filter medium to minimize loss of filter
performance. In U.S. Patent No. 3,873,288 the opposing
interengaging teeth fully compress the filter medium
between the engaging teeth elements, however, the teeth

25 elements also form the housing and as such, the teeth
only peripherally engage and compress the filter medium.

Brief Summary of the Invention

A zigzag filter comprising a zigzag shaped filter
30 media and a filter frame. The filter frame has two
continuous outer sidewalls and two inner sidewalls.
Each of said inner and outer sidewalls are separated by
a continuous fluid impermeable spacer element. The inner
sidewalls have a plurality of upstanding triangular
* 35 “shaped pleéat stabilizing elements with first pleat

stablllzlng element 51dewalls taperlng outward from a -

' peak toward second pleat stablllzlng element 51dewall
segments. Adjacent second sidewall segments form a pleat
retaining gap. The pleat stabilizing elements have a
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Fig. 1 is a perspective view of a first embodiment

15 of a filter frame in accordance with the invention.

Fig. 2 is a cross-sectional view of the Fig. 1
filter frame taken along lines 2-2.

Fig. 3 is a cross-sectional view of the Fig. 1
filter frame taken along lines 3-3.

20 Fig. 4 is a cross-sectional view, as in Fig. 2,
with a zigzag filter media inserted in the filter frame.

Fig. 5 is a cross—-sectional cutaway view of an
invention filter frame pleat stabilizing elements.

Fig. 6 is a cross-sectional cutaway view of a

25 second embodiment of an invention filter frame pleat
stabilizing elements.

Fig. 7 is a top view of a blank used to form a
second embodiment filter frame in accordance with the
invention.

30 Fig. 8 is a perspective view of a third embodiment
filter frame in accordance with the invention.

Fig. 9 is a side view of a pleatable filter media
usable in the invention filter frame.

Fig. 10 is a cutaway perspective view of a filter

- 35  housing used with.an-invention filter frame. "~ o

Fig. 11 is a perspective view of a fourth

- . .embodiment filter frame in accordance with the

invention.
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: 10 sidewalls 2 with pleat stabilizing elements 20, which -

are generally triangular structures in the shape of an
individual filter pleat. Spaced from the two outer
endwalls 14 and 15 are terminal pleat retaining inner
endwalls 16. The inner endwalls 16 are spaced from the
15 outer endwalls 14 and 15 to form a terminal pleat
retaining gap 18, as shown in Fig. 2. Preferably, the
inner endwall 16 is tapered to facilitate insertion of
the terminal filter pleat into the terminal pleat
retaining gap 18.
20 The two outer sidewalls 12 and 13 and the inner
sidewalls 2 can be straight as shown in Fig. 1 or they
can form an arched or curved shape. The endwalls (14,
15, 16) are preferably straight and parallel. The inner
sidewalls 2 are provided with the pleat stabilizing
25 elements 20 which between adjacent pleat stabilizing
elements 20 form a pleat receiving gaps 21, as shown in
Fig. 2. The pleat receiving gaps 21 terminate in a
pleat tip retaining gap 22.
The pleat tip retaining gap 22 is of a size and
30 shape such that it frictionally engages with the outer
face of the filter media 1 pleat tips 4 as shown in Fig.
4 which shows the filter 10 with the filter frame 11 and
media 1. The opposing filter media 1 pleat tip 5 inner
face follows the contour of the pleat stabilizing
e eiéméht;éb@tipnéjfmfr:tﬁim:n.u__j'ﬁﬁnlL#”=” RN
- The pleat stabilizing element 20 tapers away from
‘tip”27 wifﬁméeﬁéféily'émbéfﬁ'sidewaiis 28 uﬁfil thé..”
pleat tip retaining gap 22 as shown in Fig. 5. The tip
27 generally has a radius of curvature such that the
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along lines 2-2. Fig. 3 1s a cross-sectional view of the Fig. 1
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view, as in Fig. 2, with a zigzag filter nmedia inserted in the filter
frame. nmﬁbg 5 is a cross-sectional cutaway Vi ew gdTadisde3rio
i.nvention leﬁer frame pleat stabilizing el egents. Fig. 6 is a
cross-sectional cutaway view of a 25 second enbodi mrent of an invention
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PCT/ US96/ 13716¢ media. Similarly, tapering 51dewalls 28 do not have any

abrupt angles or structures and are preferably flat so
that the filter media 1 follows the sidewalls without
any gaps forming between the sidewalls 28 and the filter
media 1. The pleat stabilizing element 20 sidewalls 28

15 generally taper at an angle of from 20 to 55 degrees,
preferably 30 to 45 degrees. At the terminal portion of
sidewalls 28 two adjacent pleat stabilizing elements 20
form a pleat tip retaining gap 22 by two adjacent
sidewall segments 25. Sidewall segments 25 taper at an

20 angle of from about 0 to 10 degrees, preferably, from 0
to 5 degrees. Although more difficult to manufacture,
the sidewall segments 25 could also flare outwardly
{i.e., get wider from top 29 to bottom 30) or taper at
different angles at different segments along the

25 sidewalls. The minimum width 23 of the pleat retaining
gap is generally 90 to 10 percent of the uncompressed
thickness of the filter media and any stiffening
elements at the pleat tip of the zigzag pleated filter,
preferably 80 to 20 percent. The minimum width 23 is

30 preferably present over an extent 24 of at least three
times the width of gap 23 and is preferably at least
five times the width of gap 23. The extent and percent
of the filter media pleat tip 4 in the pleat tip
retaining gaps 22 determine the amount of force required

35 _to dislodge the filter media from thé pleat tip” =~

retaining gaps 22. Other factors will include the ’
relative coefficient of friction bétween the filter
media pleat tips 4 and the pleat tip retaining gap
sidewalls 25, the depth and thickness of the pleat tip
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1 is a perspective view of an invention filter franme 11 with outer
endwalrts 14 and 15 and outer sidewal | s 12 and 13. Spaced fromthe t wo
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Fig. 2. The pleat ce nat e a - a retaining
gap 22. %‘ﬁ A'%/ ar%%ql%girtég #E{ﬁ% gap %?’s s&ltggglgzgoﬁn 30 shape
such that it fri ctfomtiqnaelngiamglmt burfiscewaerld be pravédohgt hbdéwdlloy
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the filter frane opposl ngJe | ter 1 pl eat
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el ement 20 ti @527.based coating, to enhance the frictional engagement with
the filter media 1.

The terminal pleat tip retaining gap 18, if
provided, can also be designed to frictionally engage
the terminal pleat(s) of the pleated filter media.

20 Downstream of the pleat tip retaining gap 22, the
inner and outer sidewalls and endwalls are joined by
spacer 17. The spacer 17 is preferably continuous so as
to not permit passage of unfiltered fluid or air between
the inner and outer sidewalls and endwalls, if provided.

25 Otherwise, the space between the inner and outer
sidewalls and endwalls is without any structure to allow
for unobstructed insertion of the pleated filter media
into the pleat tip retaining gap 22 and any terminal
prleat retaining gap 18. Once inserted into the pleat

30 tip retaining gap 22, the filter media 1 is relatively
secure allowing for conventional handling without risk
of the pleated filter media inadvertently falling out.
However, the filter media 1 is not permanently held in
so that it can be ea51ly removed, if required and

35 repldced. ) T e - .
The embodlment of Flgs 1l to 4 is preferably a
humolded structure formed from a moldable thermoplastle h
material, such as a polyolefin polymer like
polypropylene. In a second embodiment, Fig. 7, a rigid



The pleat stabilizing element 20 tapers away from tip 27 wth

generally snooth sidewalls 28 until the pleat tip retaining gap 22 as
shown in Fig. 5. The tip 27 generally has a radius of curvature such
-that the WO 97/ 10040

PCT/ US96/ 1378 9710040 - 6- 5 f pctMsosiBiiga can
f.ollow the tip wthout any gaps form ng -gbetween the filter nedia and
‘the pleat stabilizing el enent 20, although this depends on the
conformability of the filter media, stiffer nedia wll require a
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the filter nedi a 1. | eat stag l1zing el ement 20 side
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Al though rore difié&”k&l&éhrugug&%ﬁtngferably along pre-formed score
' lines. The outer sidewall flaps and endwall flaps (32,
33, 34 and 35) are joined at their corner portions by
15 conventional means such as heat bonding, ultrasonic
welding, adhesives, clips or the like. Alternatively,
the corner portions could be provided with an engaging
structure such as a tongue and grcove joint, a snap
structure or the like. Spacer element 37 provides a
20 fluid tight spacing between the sidewalls and the
endwalls. The Fig. 7 pre-frame element could be
produced by molding as for the Fig. 1 embodiment or by
nonmolding process (e.g., stamping or die-cutting) from
non-moldable yet deformable materials such as
25 fiberboard, cardboard, sheet metal, sheet plastics or
the like. |
Fig. 8 shows a third embodiment filter frame S51.
This circular filter frame 51 has outer sidewalls 54 and
55 and inner sidewalls 52 as in the Figs. 1 to 4
30 embodiment, however, these sidewalls have no ends
forming an annular body. The inner sidewalls 52 are
also provided with pleat stabilizing elements 50 as per
the Figs. 1 to 4 embodiment. The need for endwalls is
eliminated provided that the filter media terminal pleat
. 35 ends.are joined such as by gluing, heat bonding, “- a
ultrasonic welding, mechanical clips, sewing or the
like. - The two sidewall sections are separated by
connecting elements 53 which are shown as rods, however,
these connecting elements could be any suitable shape as



the sidewall segnments 25 could also flare outwardly (i.e., get wder
fromtop 29 to bottom 30) or taper at different angles at different
SEYMeMts alrong the 25 sirdewalls. 1he mnimumw dth 23 of the pleat

r'et ai ni ng gap is generally 90 to 10 percent of the unconpressed

t hi ckness of the filter nmedia and any stiffening el enent s at the pl eat
ti'p of the ziY2aYWated filter, preferably 80 to 20 PEFESMIIMHye
mnimumw dth 23 is 30 preferably pr esent E%er an extent 24 of at |east

t hree times the width of gap 23 and is preferably at | east five
times the width of gap 23. The extent and percent of the filter nedia
pleat tip 4 in ¥helphears tihey provigieaiani apeyapse® Xotetfduidnpaskaganount of
force required 35 [ fr t
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is inserted i nt® the, phectt ds pthat @ifnithg @apst Ao embodiments, in a
filter housing 3. The filter housing 3 preferably has a
lip structure 7 that projects into the filter frame face
such that it engages the filter media 1 at the periphery
of peaks 27. This helps to secure the filter media 1

15 into the filter frame 11.
Fig. 11 is a third method of forming a filter frame
66 such as shown in Fig. 1. The filter frame 66 is
formed of a flexible material, generally a thermoplastic
polymer that has elastic recovery properties under
20 deformation and is capable of forming a living hinge.
Such a flexible thermoplastic material would be
polypropylene. The outer sidewalls 62 and 63 fold out
flat, preferably along a living hinge, allowing the
frame 66 to be resiliently deformed into the arched
25 shape shown in Fig. 11. The inner sidewalls 61 are
upstanding with the pleat retaining gaps 72 extending
down so as to be adjacent or closely adjacent to the
spacer elements allowing the frame to arch with the
pleat stabilizing elements 60 moving apart, also causing
30 the pleat tip retaining gaps 72 to widen. This widening
of the gaps 72 facilitates insertion of the pleated
filter media 1 pleat tips 4 into the pleat tip retaining
gaps 72. Once the filter media pleat tips 4 are
inserted, the deformation force on the filter frame 66
Trment 0 35 is'released allowing the frame to return to its original
shape narrow1ng the pleat t1p retalnlng ‘gaps 72 to grlp
:the pleated filter pleat tlpS. The outer sidewalls 62
and 63 can then be joined to outer endwalls 64 and 65 as
described for the Fig. 7 embodiment which locks the



The pleat tip retaining gap 22 sidewalls 25" can have a frictional

engagi ng surface such as shown in Fig. 6 where the sidewall surface is
textured or roughened to 10 enhance the frictional engagenent between the
sidewal | s 25' and the filter nmedia 1. Also, suitable for a

frictional epngpenreggosur face woul d be providing sidewalls  pcT/@$96nB1ID a

hi gh coefficient of friction surface or -1edhesi ve coating, such as a
natural or synthetic rubber 15 based coating, to enhance the frictional
engagenment with the filter nedia 1. The termnal pleat tip
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sidewal I s and.endwgl ls i.s w th NY.$ ture tqQ al| ow .fo

unobst ruct ed |(r?1)se |%lnnaotfeth§ ggéﬁ? f?‘liﬁjg %% aamgn?ﬁ?g f’ﬂ‘éi‘ﬂﬁl%at tip
retaining gap 22 athbsanyfdrmed wikth at leasttonetfiibriong gaprSenGm:ewoven
inserted into the gleat P”i%fte'rab'i t 2L AL NB; DALY S Be %inhﬁﬁ&e di g ot

relatively secure oW n or convent i onal handling w t out rrs
of the pleated fil¥&h r%d?%ﬂoﬁéavé?-béﬁwwﬂalwmﬁl ¢an. be provipded ewith he

filter media 1 is mtemﬁﬁ&e&hhygéets éfhance ﬁQtTeEabeCQEHC?e eﬁ%léy
renoved, if ﬁUI red and 35 nbodi ment of Figs. 1

to 4is prefe ytapinate rﬁﬂra‘edtg?rﬁ%}?u? ECIHHATE FRIFRELFOFAYBT veb
t her nopl asti c 1315;94:3 icd theuthkas alpothyol Bfliverpeepmor Lakenate 8 is

pol'ypropyl ene. In &ée&%}qﬁ@%%@ggblgl tglieg’pl%artie%i gne Oor more

relatively pleatable element(s) 2 can be provided.
These pleatable elements can be a deformable metal or

20 pleatable (e.g., by heat) thermoplastic netting. The
pleatable element 9 generally provides no filtering
properties and little pressure drop resistance.
Overall, the filter web 8 or filter web laminate and
pleatable elements 9 should be resiliently compressible

25 such that when compressed by at least 10 percent,
preferably 20 to 80 percent the filter media will
exhibit an elastic recovery force such that the
compressed filter media 1 will press against sidewall
segments 25, which sidewall segments form the pleat

30 retaining gaps 22, inhibiting removal of the filter
media from the filter frame 11.
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- 8- 5 or semrigid deformable nmaterial is forned into a flat

preframe erenent 31 wth outer sidewall flaps 34 and 35 and outer
endwal | flaps 32 and 33. The inner sidewall flaps 42 are provided with

pl eat stabilizing el enents 40. Inner endwal |l flaps 36 I
provi ded. ToWOYHM0 the filter frane, the_]3 iner and out er%ﬁﬁ%\ﬁgﬁﬂf | aps
(34, 35 and 42) and the endwall flaps (32, 33 and 36) are fotded

upward, preferably along pre-formed score lines. T (=Y
flaps and endwal | flaps (32, 33, 34 and 35) are | |Mﬂm HWH Ejﬂ I i
corner portion® byl Cl&i&Gnventional neans such as heat b ;L Uln c

wel di ng, adhesives, clips or the like. Aternatively, t he corner
portions could be provided with an engagin . Structure such as t ongue
and groove joint, a sndp & Z%EFﬁgtﬁgJeg%“r %t"l‘ﬁ?rllﬁligg %pﬁt‘é‘?a%lé&ﬁ@rﬁﬁw
provides a 20 fl uiidteirghledipaantigabeiean firamesi dandl £51 el fiemme

endwal I s. The Fig. .pre-fra .enent caquld b produced hy nol di ng as
for the Fig. 1 errbho‘-"g'il nttw& rcrgf/‘%knuo“_‘io% Tai®h eﬁ?%%@sgn(?et”%‘?,“é}egrrpi ng or
di e-‘cutti ng) flPomsidewalds- eacbabfesyid idefear ambl coutretesiddwaklixclaras 25

fiberboard, Carde&&gma%Q%ebyngt@éntfﬁﬁ%ﬁslyf%ﬁhiﬁﬁpgimeabletggﬁéérke'

element, the inner sidewalls having a plurality of

upstanding triangular pleat stabilizing elements with
first pleat stabilizing element sidewalls tapering

15 outward from a peak toward second pleat stabilizing
element sidewall segments, two adjacent second sidewalls
segments on separate pleat stabilizing elements forming
pleat tip retaining gaps, the pleat stabilizing
elements having a shape such that the pleat stabilizing

20 elements support and engage the zigzag filter media
first pleat tips on a first face of the pleated filter
media, second pleat tips being frictionally engaged by
the pleat retaining gaps on said first face of the
pleated filter media such that the filter media second

25 face pleat tips are partially compressed in said pleat
tip retaining gaps, said continuous fluid impermeable
spacer element being downstream of said pleat tip

retaining gaps.

30 2. The filter of claim 1 wherein the first pleat
stablizing element sidewalls taper at an angle of from

20 to 55 degrees.

3. The filter of claim 1 wherein the first

' 35~ sidewalls taper at an angle of from 30 to 45 degrees.

"4, The filter of claim 1 wherein the second
sidewall segments taper at an angle of less than 10

degrees.



Fig. 8 shows a third enbodinent filter frame 51. Thi s t“ubllter
frame 51 has outer sidewalls 54 and 55 and mneM“\\‘ﬁ \\“
the Figs. 1 to 4 30 enbodi nent, however, these side enno® ends

form ng an annul ar body. The inner sidewalls 52 are. * ‘al so provi ded with

pl eat stabil {yg Pdofapements 50 as per the Figs. 1 to 4 prhoska®ih. The
need for endwalls is elimnated providedz2that the filter nedia

terminal pleat 35 ends are joined such as by gluing, heat bonding,
ul trasoni ¢ wel di ng, nmechani cal cli ps, sewdng or t he l.i ke. The two

sidewal | sectigns are sgparat8debyier ofC Qgeggggegaédég i ch are

shown as rods, however, these connec |n enents cou e an
suitabl e shape as sidewall segmﬁgpplggngr at an angle of from 0 to 1

PC-I-/ USQG/ 13710 degrees. - 9' 5 | Ong as they
provi de an open area for fluid passage through the pleated filter
nmedi a. The sidewalls are shown form ng a circular angul ar body but

ot her shapes are mssSi Bhe. filter of cIdim 1lOhekews 6Rei syesaon filter

10 fil f 10,11 h he_ f i
il ter housi ngCs. TS SFIRBREP nbenh 3 ks ifadTatron b s s 1 @

degrees.

7. The filter of claim 1 wherein the pleat tip
retaining gap second sidewall segments have a frictional
15 engaging surface.

8. The filter of claim 1 wherein the frictional
engaging surface is a textured surface.

20 9. The filter of claim 1 wherein the pleat tip
retaining gap width is from 90 to 10 percent of the
uncompressed thickness of the filter media at the second
pleat tip over an extent of at least three times the
width of the pleat tip retaining gap.

25

10. The filter of claim 4 wherein the pleat tip
retaining gap width is from 80 to 20.percent of the
uncompressed thickness of the filter media at the second
pleat tip over an extent of at least three times the

30 width of the pleat tip retaining gap.

11. The filter of claim 1 wherein the filter frame
further includes two pairs of inner endwalls and outer
endwalls joined by a fluid impermeable spacer, each pair

35___of_anJinner endwall. and an outer endwall forming a '
| 'terminal pleat engaging gap , the fluid impermeable
spacer being downstream of the terminal pleat engaging

gap.



//::
lip structure 7 that projects into the filter frane face S ii t
engages the filter media 1 at the peripherv of pe m\“ﬂ\\\“‘“‘\g\‘QQM\S to
sécure the Ti11ter nedia 1 15 into the filter frame -13. A g 11
is athird method of formng a filter frane 66 such*as’ shown in Fig.

1. The filter frame 66 is formed of a flexible materi ly a
t her mopl ast | VO97100M48| ynpr that has el astic Rggovery propeM&Bﬁ%ﬁb 20

deformation and is capable of forming a |ivi hi nge. Such a flexible
t hernopl astic material woul d be pol ypropyl ene. The outer sidewalls 62
and 63 fold out flat, preferably along a living hinge, allow ng the

frame 66 to be Tesiliemdy ddeorfidgerned ehrmimrichathexrsinskhpefsherninh in Fig.

11. The inner sidg¥ald SiShrili@regral URsi@dyli Wrudtidt el F8rRkbaakr&RTAI Ni NG
gaps 72 extending down so as_ to be adjacent or claosely_adjacent to the

spacer el enents al FREFMRPIARE UG BPd YRET aF LR iRy quter sideyplls” adpi| i zi ng
el errents 60 noOVi Nged@@dlls AHnhetati BHedP rddpediifal enids E6t fdbAmng gaps 72

to widen. This widenin f the,gaps 72 facilitates insertion of the
pl eat ed filte?°’§b’cfﬁ’a°”f Fﬂ“g:ftr P’Fﬂ)g% into the pleat tip retaining
gaps 72. Once Xthe filter nedia pleat tips 4 are I nserted, the

deformation force on thlei filger ffirlggg 91_6 g’.l'.sairﬁﬁt rq}h(&%gﬂ ?LL_OH 1the frame
to return to its original _ shape nar rowng lhe plea I'p Tetaini ng gaps
72 to grip t hErgnedie @ iintegrpleatrudipire wWitdh dheecputedesidewalds

and 63 can then beaididiffrd1a PYehe@NIWetsi B4 PRI vaSends t&easA ed for
the Fig. 7 enbodi nent which | ocks the . :
continuous outer wall with the spacer elements for the

15 fluid impermeable endwalls and sidewalls forming a

continuous integral spacer element.

14. The filter of claim 11 wherein the outer
endwalls and sidewalls are joined at their respective

20 ends by a bonding means.

15. The filter of claim 14 wherein the endwalls
and sidewalls have been folded along fold lines on

either side of said continuous integral spacer element.

25
16. The filter of claim 1 wherein said two pairs
of inner and outer sidewalls are joined by connecting
elements.
30 17. The filter of claim 16 wherein said connecting
elements are elongated rods.
18. The filter of claim 16 wherein said two pairs
of inner and outer sidewalls form two annular rings.

19. The filter of claim 14 wherein said bonding

means is an adhesive.



Y\?O?w 1001510pl eat tip retaining gaps into their narpgflvufamqm I““ “I“ "

| ocks the filter media into the pleat retaining gaps* wi | ¢ alMso® nak |ng
the filter frane rigid. - The filter nmedia 1 (Fig. 9) can be
formed of amwoomeeseonventi onal pleatable filter web 8 or fACTEes96/1370 10
|.am nate. Suitable filter webs or | am natesld4scl ude those formed with
at | east one fibrous nonwoven or woven web. Preferably, the filter web
or lamnate 8 is fornmed with a nonwoven fibrous web which can be

provided with s an eloect nak ehprae 4O @IdNaa WheteineédiLiviaing N a
15 lamnate form the web 8 can have swta | e cover web | ayers or the

like. If the filt&eaRshisr aPaHIIF’é?%mB“? deld. ot sufficiently stable when
pl eated one or nore relatively pleatable el errent(s) 9 can be provided.

These pl eat abl e el enen be £ ef orfma taI or table (e.g.,
by heat) thernopl asti ctzﬁé &H blpﬁ ébf"@egfzéﬂemggte@e h$r al | y
provides no filterfinagpe is apmpublesnaimhlalt,t Whepr ébsupkealr opetradgiisigance.

Overall, the fplt g@’e%x%eﬂﬁ H.)y eélny@lg\}slaﬁ:]%@egga@g tﬂet%@%]}?e?nent

el ements 9 shoul d resilien co such thal
conpressed by at |sea®s t@ pddewnthe filtew dframgbitp Pe resBbignlent the

filter media will deforn@&hhh'eh fhe SRS RS lénfi%?@ev’?&ﬁ‘s thal ddie

conpressed filter media 1 will press agai nst sidewa segnents 25,
whi ch sidewal | seghifest Pc]n‘lﬁf"’tlﬁg pregleat t%tréﬁ'-ﬁilﬁgnga%ép 20 idamita ng
removal of the filfailitatentdsartiomdhecHd Igileatenaitlidr media second

15 pleat tips into the pleat tip retaining gap.

22. The filter of claim 1 wherein said filter

media comprises a nonwoven fibrous web.

20 23. The filter of claim 22 wherein said nonwoven
fibrous web fibers are electret charged.

24. The filter of claim 22 wherein said filter
media further comprises a pleatable netting.
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-11- 5 | daim 1. A zigzaqg filter conprising a zigzag

pl eat ed filter media and a filter frane, said filter frane havi ng
two continuous outer sidewalls and two inner 10 sidewalls each of said

I nner and ou I dewal | s are separated by a continuous,_fl| ui

I mper neabl e gﬁg%@lro% el enment, the inner sidewalls havi ngﬁﬁT’Bﬁfgg{]ﬂty of
upstandi ng triangul ar pleat stabilizing e/drents with first pleat
stabilizing elenment sidewalls tapering 15 outward froma peak toward
second pl eat stabilizing el ement sidewall segnents, two adjacent
second sidewal | s segnents on separate ple stabilizing el enents

form ng pleat tip retaining gag2 the pl 1stabilizing el enent s
havi ng a shape such that :Tgapl eat stabiizihg 20 elements support and
engage the zigzag filter a 920 \i p| eat ti'as on a2]i rst face of the
pl eated filter medja=Psecond i /i;\‘o frictishal | y engaged by
t he pl eat retaining gaps ted filter
medja such that the filteL=s#

©

16



25 face pleat tips are partially cOrrpressed.in sai d pl eat tip

retaining gaps, said continuous fluid inperneable spacer el enent bei ng
downstream of sard pleat tip retal ning gaps. 30 2. The
filter of claim1 wherein the first pleat stablizing el errent si dewal | s
taper at an ﬁgg! of from 20 to 55 degrees. The filter
of* claim1 fﬂ“"‘?he first 35 sidewall t/ager at an angl"é:T(S‘f’sgf’rl%)"ﬁ?% to
45 degr ees. 4. The filter of m 1 wherein the second
sidewal | segnents taper at an angl e of less than 10 degr ees.

WO 97/ 10040 0JS96/ 13710

-12- 599~Jhe Lilyer oR7cl aiym 1 whergtn the f@

si dewal | segnents ta;h\at an/angj\f fingm 0t 10 es.




6. The filter of claim1l wherein the'seéond 10 sidewal | seghents t aper

at an angle of fromO to 5 dearees. 7. The filter of
claim1l wherein the pleat tip retaining gap second sidewal |l segnents
have a frictional 15 engaging surface. 8. The filter of
claim1 wheregj he frictional engagi ng surface is a textured
surface. %8911/10040 9. The filter of 'cgai- 1 wherein thepﬁir@ﬁ?slﬁ"}?
retaining gap width is from90 to 10 perc n[q%f t he ' unconpr essed

t hi ckness of the filter nedia at the second pleat tip over an extent
of at |east three tines the w dth ofgahhe pleat tip retaining gap. 25

10. The filter of claim4 wherein the plea retaining gap width
is from80 to 20 percent of the|  ckness of the filter
medi a at the second pleatftip over an extent off at |east three tines
the 30 wdth of the pleat_ ti
of ¢laim1 wherein the filfer f}
i nner endwal | s and outer
spager, each pair 35 of hn inj
term nal pl eat engaging g ,
5

tip




spacer being downstream of the term nal pleat engagi ng gap.

WD 97/ 10040 PCT/ US96/ 13710

- I3- 5 12 The tilter of cIa|n111 wherein the filter frame
is an integral nolded structure forned froma t her nopl asti c pol yner
with the outer si dewal | s and endwal I s joined at their l.ve ends
to forma YO¥IMMOnuous outer wall. 10 13. The';(fgﬁslﬁ%g}lw’éﬁ claim
11 wherein the filter frane is an iktgBral structure with the outer
sidewal | s and endwal | s joined at their respective ends to forma
continuous outer wall with the spacer elenents for the 15 fluid

| nperneabl e endwal | s and sidewalls formng a- - continuous integral

spacer el enent. 14. The filter of claim 11l wherein the outer
endwal | s and sidewalls are joined at their respective 20 ends by a bonding
nmeans.




15. The filter of claim 14 wherein thé-ehdwalls_ and sidewal | s have

been folded along fold |lines on ei ther. side of said continuous

| hitegral spacer elenment. 25 16. The filter of claim1l wherein
said two pairs of inner and outer sidewalls are joined by connecting
el‘ement s. 30 17. The filter of claim 16 wherein said connecting
el'ements ar e W YA§M¥0ed rods. 18, The filter of B¢EYHA¥ herein
said two pairs of inner and outer Bid s formtwo annul ar rings.

35 19. The filter of claim 14 wherein said bonding means is
an adhesi ve. ' WO 97/ 10040 '

PCT/ US96/ 13710 -14- 5 20. The

filter of claim14 wherein said bonding means is an ultrasonic weld.




(S7) Abstract _ _
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on two sidewalls with the pleat stabilizing elements forming a pleat retaining gap that frictionally engage with the filter pleat tips on one
face of the filter holding the filter in the frame assembly. The pleat stabilizing elements engage the filter pleat tips on the second face.
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