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TITLE
BOX FILTER

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to filters and filter
housings. More particularly, the present invention
relates to a disposable box filter useable in medical and
other applications which is of low cost and capable of

being made absolutely sterile before use.

DESCRIPTION OF THE PRIOR ART
Box filters, because of their unique configuration,

low cost, and ease of manufacture, have been found very
useful in medical applications, as well as in other
applications. It 1s quite important in medical
applications that a filter be capable of being made
absolutely sterile before use. To avoid the necessity of
cleaning and sterilizing operations after use, it is also
desirable that the filter be disposable. For a filter to
be disposable, it must necessarily be of low cost. Many
attempts at making a true, low cost, disposable box filter
have been found in the prior art. None of them have been
entirely successful.

One such prior art patent is the U.S. Letters Patent
3,765,537. While this filter is satisfactory in use, it
has significant limitations which arise during the
manufacturing process. The filter sheet is held tightly
between an internal wall and a top wall of the filter
housing and is bonded in place. This requires an open
pore filter sheet. This limits the type of filter element
that can be used in the housing, and also increases the

manufacturing cost.
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Another such attempt in the prior art is shown 1n
U.S. Letters Patent 3,815,754. 1In an attempt to eliminate
the limitations impoéed by having to bond through open
pores of the filter sheets, this patent attempts simply to
5 pinch the sheet between an inner wall of the housing and
the ends of a pair of vertical walls. While this design
eliminated the limitation on the type of filter element
that could be used to obtain a sufficient seal, the
resultant filter was found not suitable for use at
10 relatively high pressure differentilals.
In an attempt to solve the problems of the prior art
still present after the inventions disclosed in U.S.
Letters Patents 3,765,537 and 3,815,754, the filter shown
in U.S. Letters Patent 4,187,182 was developed. In this
15 patent, the filter sheet is pinched between the edge of
the inner side walls and other portions of the housing.
However, this filter increases manufacturing expense by
requiring the pleats of the corrugated filter elemené to
be trimmed specially at positions midway of the height of
20 the filter element; thus increasing greatly the
manufacturing costs.
Thus, those skilled in the box filter art continued
to search for a solution to the problem of providing a
truly low cost disposable box filter.

25
SUMMARY OF THE INVENTION

To solve the problems present in the prior art, a

disposable box filter is provided having a housing
comprising mating, channel shaped, male and female
30 portions defining a generally box shaped fluid chamber,

with a pair of fluid ports, and a filter element in

corrugated sheet form extending across the fluid chamber.
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The corrugated filter has generally vertically extending
pleats or extremities which are mechanically sealed at
each end. |

In the preferred embodiment of the invention, the
housing of the filter assembly comprises mating male and
female poftions which form a box-shaped fluid chamber
defined by an upper wall having a port or inlet therein, a
lower wall having a port or outlet therein, and a pair of
opposed side walls connecting the upper wall and the lower
wall, and forming a pair of opposed open end walls. A
pleat or pleats at each end of the corrugated filter
element are mechanically sealed between generally vertical
wall portions of the filter housing, one of which has been
deformed and pressed in the direction of the filter paper
by riding a ramp portion of the filter housing while the
filter 1s being ultrasonically welded.

In the preferred embodiment illustrated, the u
disposable filter assembly is a rectangular box and\"
substantially square sided. However, any type of box-like
shape can be used. It is important to note that in the
present invention, in contrast to prior art box filters,
the pleat or pleats of the corrugated filter are sealed in
a vertical orientation, and do not need to be bent or
trimmed in a horizontal orientation, as in the prior art.

Thus, one of the objects of the present invention is
to provide a disposable box filter capable of being made
absolutely sterile before use.

A further object of the present invention is to
provide a box filter which can be mass-produced at low
cost.

A still further object of the present invention is to

provide a box filter having a corrugated filter element
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which 1s sealed i1n the box filter housing with the pleat
or pleats of the corrugated filter remaining 1in a
generally vertical orientation.

A still further object of the present invention 1s to

provide for a disposable box filter usable at high

pressure differentials.

Further objects and advantages of this invention will
be apparent from the following description and appended
claims, réference being made to the accompanylng drawings
forming a part of the specification, wherein like

reference characters designate corresponding parts in the

several views.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is an exploded perspective view of a

construction embodyling the present i1nvention.

Figure 2 is an end view of the construction shown in

Figure 1 after assembly, but before the end caps are

potted 1n place.

Figure 3 is an enlarged view of the indicated portion

of the construction of Figure 2.

Figure 3A 1s a view similar to Figure 3, but showing

the mating housing portions after ultrasonic welding.

Figure 4 1s an explod=d elevational view of the male

and female housing portions of the construction shown 1in

Figure 3.

Figure 5 1s a fragmentary view, similar 1n part to

Figure 2, but showing a modification of the present

invention where only a single thickness of the corrugated

filter 1s "pinched" between vertical wall portions of the

filter housing.
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It 1s to be understood that the present invention is
not limited in its application to the details of
construction and arrangement of parts illustrated in the
accompanying drawings, since the invention is capable of
other embodiments, and of being practiced or carried out
in various ways within the scope of the claims. Also, it
1s to be understood that the phraseology and terminology
employed herein is for the purpose of description, and not

of limitation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The disposable filter assembly shown in Figures 1-5

is generally designated by the numeral 20. The filter
assembly 20 includes a molded plastic housing, generally
designated by the numeral 21 (Figs. 2 and 4), and
including a male portion 22 and a female portion 23. The
upper or male housing portion 22 includes an upper plenum
wall 24. The upper plenum wall 24 includes a plenum 25, a
rim 26, an upper port or inlet 30, and an upper rib 31.

Since the disposable box filter assembly 20 is
reversible, it can easily be understood by those skilled
in the art that the upper port 30 can serve as an inlet or
outlet, and thus that these terms may be used
interchangeably.

Also found on the male housing portion 22 are a
plurality of reinforcing ribs 32, and a pair of opposed
downwardly depending side walls 34 having a grooved
portion 35, an ultrasonic energy ridge or portion 36, and
a tapered or wedge-shaped portion or wall 37.

The lower or female portion 23 of the plastic housing
21 includes a tongue portion 40, a first wall portion or

first portion 41, a ramp portion 42, and a second portion
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or second wall portion 43, which is of greater thickness
than the first portion 41. Also found on the lower or
female portion 23 is a lower plenum wall 50 including a
lower plenum 51, a lower rim 52, a lower port or inlet 53
and a lower ridge 54.

The plastic housing 21 may be made of any practical
transparent, opaque, or solid material. For most
applications of the disposable box filter assembly 20, it
is believed that a transparent plastic housing 21 will be
preferred. Depending on the particular application, the
housing may be made from many materials. A preferred
material is K-Resin (KROI Grade). The housing may also be
made from ABS, styrene, polycarbonate, nylon, polyester,
or other thermoplastic materials.

Referring to Figure 2, there is shown the plastic
housing 21 having the male or upper housing portion 22
completely assembled and ultrasonically welded to the
lower or female housing portion 23, and containing a
corrugated filter 58. The plastic housing 21 assembled to
this stage of manufacture shows the almost completed
disposable filter assembly 20 before the end caps 60 are
potted on. The corrugated filter 58 is has a
predetermined number of pleats 59. The number of pleats
required will depend on thé particular application. Also,
depending on the particular application, is the selection
of the material for the corrugated filter 58. Widely used
filter media are such as glass fiber and polypropylene,
which can have a thickness in the range of .013" to .022".
A typical thickness range is from .015" to .0le".

The novel sealing means of the present invention 1is
best shown in Figures 2-3A. As hereinbefore discussed,

the prior art box filters required the sealing of the
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filter media to be done in a generally horizontal plane
trapped between what may generally be called a top wall
and a side wall of the filter. 1In some cases, the paper
was even bonded to the filter housing to get a proper
seal. All of these types of housings or sealing
arrangements cause various problems in the art.

The box filter of the present invention is the first
box filter to eliminate these problems by sealing the
filter media in a generally vertical orientation. It can
be seen in Figure 2 that one pleat 59 of the corrugated
filter 58 is trapped between the tapered portion 37 of the
downwardly depending side wall 34 forming a portion of the
male housing 22, and the upstanding ridge 44 forming a
portion of the lower or female housing portion 23.

By designing the plastic housing 21 with the
ultrasonic manufacturing process in mind, a unique and
novel way of providing sufficient force on the pleat is
provided such that a purely mechanical seal may be
attained between the filter 58 and the housing 21 without
any cutting or special bending or treatment of the filter
media.

An enlargement of a portion of the male and female
housings are shown in Figure 3 and 3A to illustrate this.
As shown in Figure 3, when the male housing portion 22 is
inserted into the female portion 23, the tongue 40 of the
female housing 23 will enter the grooved portion 35 of the
male housing 22 permitting the ultrasonic ridge 36 to come
in contact with the first portion 41 of the upstanding
wall 39. The dimensions are so selected that when the
ultrasonic ridge 36 touches first wall portion 41, the

lower extremity of the wedge-shaped or tapered portion 37



10

15

20

25

30

CA 02163978 2004-03-09

8

of the downwardly depending side wall 34 is in close

proximity or touching the ramp portion 42.

As shown 1n Figure 3A, as the ultrasonic welding

manufacturing process 1s applied to the male and female

housing portions 22, 23, the ultrasonic energy ridge 36 is

progressively melted until the tongue 40 reaches proximate
th

moved closer together. A typical dimension for the

e .

e bottom of the groove 35, and the housing portions have

ultrasonic energy ridge 1s .018'", but other dimensions may
be chosen,\depending on the application. This amount of
movement causes the wedge-shaped portion 37 of the
downwardly depending wall 34 to attempt to move down the
ramp portion 42 toward the U-shaped channel 75, separating
second portion 43 and upstanding ridge 44.

A preferred embodiment 1is to have the ramp 42 form an
angle of 60° with the horizontal. Other angles may be
used if desired.

As tapered portion 37 moves down the ramp portion 42,
1t 1s forced 1n a lateral direction toward the upstanding
ridge 44 of the female housing portion. Figure 3A shows
this movement without the corrugated filter installed for
case of understanding. As i1llustrated 1n Figure 2, the
filter pleats 59 are compressed to about one-half their
thickness, which 1s sufficient to compress the media to
obtain a fluid-tight seal. For a media in the typical
015" to .01le6e" range, 1t 1s preferred to compress the
media to one-half to one-third of that thickness. For
other media, different amounts of compression may be
needed.

The versatility of the box filter of the present

invention 1s shown by referring to Figure 5. In contrast

to the embodiment shown 1n Figure 2, wherein an entire
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pleat 29 1s compressed between the ridge 44 and the wedge-
shaped or tapered wall portion 37, a single thickness of
filter paper or media, indicated by the numeral 65, is
compressed between the ridge 44 and the tapered wall 37.

Depending on the media and its compressibility, many
types of media may be accommodated in a single filter
housing just by reversing how the filter 58 is inserted.
The modification of the invention as shown in Figure 5 is
particularly applicable to filter medias which compress
very little. The ability to simply reverse the position
of insertion of the filter 58 in the housing 21 permits
many of these media to be used in the filter housing of
the present invention without any modification.

The tapered portion 37 may have vertical side walls
or tapered side walls and still be within the scope of the
present invention. However, it has been found that a 5°
taper, which is the preferred draft for the molding
process, produces very satisfactory results.

Referring to Figures 2 and 4, it can be seen that
when the male housing portion 22 and the female housing
portion 23, which are generally channel shaped in nature,
are assembled, there i1s formed a generally box-shaped or
rectangular chamber 66. The shape of the filter chamber
66 1s defined by the upper plenum wall 24, the lower
plenum wall 50, and a pair of opposed side walls 67, each
of which is formed by a portion of the male housing 22 and
the female housing 23. Also formed by assembly of the
housing is a pair of open opposed end walls 68. To
complete the assembly of the disposable filter assembly
20, end caps 60 are potted on to the opposed end walls 68
with potting compounds well known in the art. The

particular compound used will depend upon the filter
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application. Potting compound is applied to the end walls
68, as well as to the rectangular wall portions 70 of the
end caps 60. When the end cap 60 is then applied, the end
cap is sealed not only to the opposed end wall 68 to close
the chamber 65, but to the ends of the filter 58 in a
fluid-tight manner, thereby forcing air to flow directly
from upper port 30 through the corrugated filter 58 and
exit lower port 53. The upper ridge 31 and the lower
ridge 54 add strength to the corrugated filter 58, and
prevents its distortion.

It can be readily understood by one skilled in the

art that as long as the vertical sealing means of the

- present invention is maintained, the actual shape of the

housing can vary substantially.

Thus, by analyzing the problems present in the art
wherein the filter media of the corrugated filter used in
the box filter assemblies was being sealed 1n generally a
horizontal direction, and deciding instead to seal it in a
vertical direction, and designing a housing to seal the
same, while at the same time, utilizing the attributes of
the ultrasonic welding process, a novel méthod and

apparatus of providing a box filter 1is provided.
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WHAT 1S CLAIMED IS:

1.

A disposable filter assembly including:

a)

b)

C)

a housing comprising mating channel-shaped male
and female portions, the mating male and female-
portions forming a box-shaped fluid chamber
defined by an upper plenum wall having an inlet
therein, a lower plenum wall having an outlet
therein, a pair of opposed side walls |

connecting the upper plenum wall and the lower

plenum wall, and a pair of opposed, open, end'“f”’ﬁ“'
walls, each of said pair of opposed side walls -
including a pair of generally vertical wall ~~ =~ 7

portions, the vertical wall portions of said =~ =

'male”housing‘portion having been deformed and
traveled laterally‘while said.- filter assembly
has been ultrasonically welded together, ' ‘
a cdrrugated filter element extending acrst

said box-shaped fluid chamber, from one of the

'0ppOSed side walls to the other, and across the

line of fluid flow between the inlet and the
outlet, a pleat at each end of said corrugated
filter element mechanically held in a fluid- \
tight seal in a generally vertical position,

proximate the entire bottom edges of said

filter elements by lateral forces applied

by said generally vertical wall portions of
said opposed side walls, and
.end‘caps closing said opposed end walls and

sealing said filter element to said end caps.
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A filter housing including:
a) a male housing portion including:
1) an upper plenum wall,
il) a fluid port in said upper plenum
- wall, and
iii) a pair of opposed downwardly |
depending side walls, each of.said
downwardly depending side walls

depending from said upper plenum wall

.and 1nclud1ng

"l’ a)  a grooved portlon, i
l-b).' an ultrasonlc energy.
S portion,
C) a wedge-shaped elongated portion,
and \
b) a mating female housing portlon, including:_
1) = a lower plenum wall, .

- ii) ~a fluid port in said lower plenum
wall,

iii) a pair of opposed, upstandirig side
walls, each of sald upstanding side

walls upstandlng from said lower

plenum wall.and-lncludlng,'

a) a tongue portion,

b) a first wall portion,

C) a ramp portion, and

d) a second wall portion, and

iv) a pair of opposed upstanding ridges
located internally of said housing,
parallel to and spaced a predetermined

distance from said pair of opposed

side wall portions;
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said downwardly depending sidewalls of said male
portion moving laterally towards said upstanding
sidewalls of said mating female housing portion
as an ultrasonic welding process 1s applied,

thereby applying lateral pressure to a pleat of a

filter placed there between.

¢’
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3. The filter.housing defined i1in claim 2, wherein
the ramp portion of eachiof said pair of'Opposed
upstanding side walls 1s 1in close proximity to the
downwardly depending side wall portion of each of said
male housing portions when the ultrasonic energy
portion of the male portion is in contact with the first

wall portion of the female housing portion..

4 . The filter housing defined in cleim 3, whereln a
U-shaped channel .is formed between.each of the palr of ..

upstandlng rldges and each of the second wall portlons of.?-“

upstandlng side walls

S. - The filter housing defined in claim 2, wherein'.
after said ultrasonic energy ridge is melted by welding,
the wedge-shaped elongated portion of each,of'the
downwardly depending.side wall portioqs of said male
housing have contacted and traveled down-a'distance‘on
each of the ramp portions of the‘oppOSedeﬁpstanding side
wall portions of the female housing, thereby placing each
of said opposed downwardly depeﬁding side walls closer to

each of the opposed upstanding ridges.

6. The f£ilter housing defined~in claim 5, and
further 1including a corrugated filter element exteﬁding
between each of said wedge-shaped elongated portione of
salid male housing portion, and having at least one pleat
at each end of said corrugated filter element being
trapped between the wedge-shaped elongated portions of

said male housing portion and said opposed upstanding

ridges of said female housing portion.
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7 . The filter housing defined in claim 4, and
further including a corrugated filter element extending
between each of said wedge-shaped elongated portions of
sald male housing portion, and having at least one pleat

B at each end of said corrugated filter element placed in

said U-shaped channel.

8. The filter housing defined in claim 6, wherein
each of sald male housing portions includes a palir of
10 opposed upper end wall portions and each of said female
housing portions include a pair of lower opposed end wall
portions, said upper and lower end wall portions forming a

palr of opposed end walls.

15 9. The filter housing defined in claim 8, and

further including a pair of end caps closing said open

opposed end walls.

10. The filter housing defined in claim 9, wherein
20 sald end caps are potted on to said opposed end walls and

seal said filter element to said end caps.
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said method including the steps of:

providing a housing wherein a pleat can be
inserted and sealed 1n a generally vertical

orientation between a generally vertical wall

_portion of an upper housing portion and a

generally vertical wall portion of a lower
housing portion along the entire length of the
pleat, the generally vertical wall portion of

the upper housing portion designed to move

.iaterally'toward the generally vertical wall

'pertionﬁof the lower.housing portion as an

ultrasonic Welding process is being used to
bond the uppenwhousing portion to the lower
housing portion,

ihserting a corrugated filter within said

housing wherein a pleat at each end of the

corrugated filter is inserted in a generally

'vertlcal orlentatlon between said generally

vertlcal wall portlon of sald upper housing

 port1on and said generally vertical wall

portlon of said lower hou51ng portion,

ultrasonmcally weldlng.sald upper housing

"_pdrtion.tofseid lower housing portion, thereby

causing said generally vertical wall portion of

.*said upper hcusingrportion to move laterally
towards a generally vertical wall portion of

‘-eaid lower housing portion, thereby'applying

lateral pressure to said pleats to

AMENDED SHEET
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mechanically seal sald pleats in said filter
housing in said generaliy vertical orientation,
and

potting on end caps to said filter housing to
seal said corrugated filter media in position

between said inlet and said outlet.

The method defined in claim 11, wherein the

movement of the generally vertical wall portlon of the

upper hou31ng portion toward the generally vertical wall

—

portlon of the lower hou81ng portion 1s suff1c1ent to,z.*'

compress the media from one-third to one- half of its™

orlglnal thickness.

13.

A method of sealing a corrugated filter within a

box filter housing including an inlet, an outlet, an upper

hou81ng portion and a lower housing portion and end caps,

said method including the steps of

a)

providing a housing wherein a single layer of
filter media can be inserted and sealed in a
generally vertical orientation between a
generally verticél wall,portion of an upper
housing portion and a generally vertical wall
‘portion of a lower housing portion along the
entire length of the single layer of filter
media, the generally vertical wall portion of
" the upper housing portion designed to move
laterally toward the generelly vertical wall
portion of the lower housing portion as an

ultrasonic welding process 1s being used to
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bond the upper housing portion to the lower
housing portion,

inserting a corrugated filter within said

housing wherein a single layer of filter media'.

at each end of the corrugated filter 1is

inserted in a generally vertical orientation

between said generally vertical wall portion of

- said upper housing portion and said generally

vertical wall portion of said lower housing
portion, # | ' . '
ultrasonlcally weldlng sald upper housing RN
portion to said lower housing portlon thereby ‘ﬁég
causing said generally vertical wall portion of

said upper housing portion to move laterally

towards a generally vertical wall portien of

said lower housing portion, thereby applylng

lateral pressure to sald single layer of fllter

‘media to mechanlcally seal said 51ngle 1ayer of

filter media in said filter hou31ng in sald
generally vertical orientation, and

potting on end caps to said filter housing to
seal said corrugated filter media in position

between said inlet and said outlet.

14. The method defined 1n claim 13, wherein the

movement of the generally vertical wall portion of the

upper housing portion toward the generally vertical
portion of the lower housing portion is sufficient to

compress the media from one-third to one-half of its

original thickness.
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