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15 Claims. (CI, 210—90)

ABSTRACT OF THE DISCLOSURE

A filter assembly consisting of a cylindrical housing
and two annular filters in end-to-end relation within the
housing separated by an anmular adapter. The adapter
includes pressure responsive means dividing the space
outside the filters into separate inlet chambers communi-
cating with the upstream sides of the filters and adapted
to open communication between the chambers when the
pressure differential across one of the filters increases
beyond a predetermined value.

This invention relates to filter units having a reserve
filter element in series with the primary filter element
which does not come into use until the primary filter ele-
ment in the line of normal fluid flow becomes plugged,
and thereafter when in use provides a normal filtrate flow,

In the course of time, every filter element becomes
plugged, if allowed to remain in use long enough. Pre-
ventive maintenance requires that the filter element be
serviced and cleaned or replaced before failure due to
plugging, and ordinarily, to furnish flow in the event of
emergency plugging before servicing, a reserve by-pass
line is provided, with a relief valve arranged to open
whenever the pressure differential across the filter element
becomes sufficiently high.

Preventive maintenance, obviously, is of great import-
ance in the case of aircraft, since a failure of the filter
element due to plugging during flight can hardly be

tolerated, in view of the disastrous consequences that

may follow. With some fluids, such as Mil-1-7808 lub-
ricating oil, the problem of plugging is particularly acute,
since this fluid has a tendency to deposit a varnish on
the filter, and in a long flight the hazard of plugging can
become very great. A by-pass line is not always desirable,
either, since the opening of the by-pass line admits un-
filtered fluid into the system with consequential plugging
of orifices and fluid passages, and excessive wear. of
pumps, valves, etc. s

In accordance with the instant invention, this problem
is resolved by providing a filter unit which inclides two
filter elements, the second of which is in series with re-
spect to the first and remains in reserve, quite unused,
until the first element becomes plugged. Both filter ele-
ments can be, but need not be, of the same standard of
contaminant removal, and consequently the filtrate flow
supplied through the second element after plugging of
the first element can be of as high a quality as before.
Furthermore, the second or reserve filter element has a
useful life expectancy which is more than sufficient under
normal operating conditions until the unit can be serviced.

The filter unit of the invention comprises a filter hous-
ing having inlet and outlet passages communicating re-
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spectively with the exterior of the primary filter element
and the interior of the reserve filter element. The reserve
filter element is entirely separated from the primary ele-
ment, in such a manner that normal flow by-passes the
second reserve element. A relief valve is intérposed in
the inlet passage, and is adapted to open at a predetermined
pressure differential between the inlet and outlet passages
across the primary filter element, and when opened opens
a direct line from the inlet passage to the reserve filter
element, by-passing the primary filter element. Thus,
whenever the primary filter element becomes plugged,
the relief valve opens, admitting fluid flow from the inlet
to proceed to and through the reserve filter element,
whence it can proceed to the outlet passage, and there-
after resume the normal line of filtrate flow in the system.

FIGURE 1 is a longitudinal view in section of an in-
line or series filter unit in accordance with the invention,
taken along the line 1—1 of FIGURE 4. _—

FIGURE 2 is an enlarged view of the lower portion
of the primary filter element and upper portion of thé
reserve filter element of FIGURE 1, showing the means
of separation of the two in the unit, so that the lne of
normal filtrate flow from the primary element by-passes
the reserve element.

FIGURE 3 is an enlarged view of the upper portion
of the primary filter element and lowér portion of the
reserve filter element of FIGURE 1, showing the line of
emergency or reserve flow when the primary filter ele-
ment is plugged and the relief valve has opened, to
allow flow to proceed through the reserve element.

FIGURE 4 is a top view of the filter unit of FIGURE 1,

FIGURE 5 is a cross-sectional view through the filter
unit of FIGURE 1, taken along the plane 5—5 and Iook-
ing in the direction of the arrows. i

The filter unit of FIGURES 1 to 5, inclusive, com-
prises a tubular housing 1, made of aluminum alloy, but
which can be made of any metal or plastic material,
having an inlet port 2 leading to space 4 and outlet pas-
sage 5 and an outlet port 3. The housing can be made
in one piece, but as shown, for convenierice of access to
the interior, is made in upper and lower sections 6 and
7, respectively, held together by V-ring clamp 8. The O-
Tings 9 ensure a fluid-tight seal therebetween. ’ ’

At the top of the housing is a differential pressure in:
dicator 18, which can be of any desired type, but which
as shown is of the magnetic type described and claimed
in U.S. Patent No. 2,942,572, Fuid connections to the flow
passages of the housing are provided by passages 11 and
12, leading from space 4 and outlet passage 5, respectively,
80 as to enable the pressure indicator to respond to
pressure differences between the two passages, and this
to detect and indicate whenever the pressure differential
between the two passages across either of the filters in
the unit exceeds a predetermined minimum. The pressure

5 differential at which the indicator gives a signal is ar-

ranged in conjunction with the opening of the passages
leading to the reserve filter element 16, as will be ap-
parent from the ensuing discussion. .

Disposed in the housing 1 are an upper filter ' element
15 and a lower filter element 16 in series therewith. The
upper element 15 is the primary filter element, and is em-
ployed in normal flow. The lower filter element 16 is the
reserve filter element, and is kept in reserve, quite un-
used, until the primary element 15 has become plugged,
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or fails to permit flow through in sufficient volume for
some other reason. As shown, both filter elements are
identical, and are in fact interchangeable, but this is not
a prerequisite. They are made of wire mesh, as shown
in the drawing, and are corrugated, as is best seen in
FIGURE 5. Sintered wire mesh is employed, made as de-
scribed and claimed in U.S. Patents Nos. 2,925,650 and
3,049,796, but any filter medium can be used for either
element such as unsintered mesh, paper, glass fiber mat,
or cloth, sintered metal powder filters such as the porous
stainless steel of U.S. Patent No. 2,554,343, resin-impreg-
nated or coated paper, porous plastic, sintered polytetra-
fluoroethylene, sintered polyethylene, and ceramic filters.

The corrugated filter mesh and core 30 of the upper
element 15 are bonded to upper and lower end caps 17
and '18. The lower end cap 18, as is best seen in FIGURE
2, rests upon the insert or adapter ring 19, which is se-
curely held between housing portions 20 and 21 by V-
ring clamp 8, for proper placement and support of the
upper filter element 15 in the housing. For this purpose,
the lower cap 18 has a downwardly extending inner
flange fitting snugly against ring 19, and a fluid-tight seal
therebetween is ensured by O-ring 22. Caps 17 and 18
also have inwardly extending flanges so dimensioned as
to confine the core 30 and corrugations of the mesh ele-
ment 15 within the space available in the housing.

The corrugated filter mesh and core 31 of the lower ele-
ment 16 are bonded to upper and lower end caps 25 and
26, respectively.

The lower portion of the lower housing 7 is provided
with an inwardly turned horizontal flange 27 ending in a
stepped ledge 28, capturing an O-ring 29 between it and

lower end cap 26 of the lower element. The flange 27 -

serves as a support. for the reserve filter element 16. O-
_ring 29 ensures a fluid-tight seal between the flange 27
and the end cap 26.

Each of the end caps 17, 18, 25 and 26 is provided with
a central aperture communicating the central open area
enclosed by the primary and reserve filter elements 15
and 16, and together constituting the central passage 5.

Both of filter elements 15 and 16 have internal support
in the form of cylindrical perforated cores 30 and 31, re-
spectively, made of stainless steel, but any structural
metal can be used. Any other suitable support can be
used, such as a metal spring, a perforated cardboard tube,
and the like.

The wave form spring 23 acts as an antivibration de-
vice biasing the elements 15 and 16 against the relief valve
housing 34 and housing flange 27, respectively.

It will be seen in FIGURE 1 that the pressure indicator
housing 32 and relief valve housing 34 are bonded to-
gether and ‘welded to the housing. End cap 17 has an up-
wardly extending flange 35 over which the relief valve
housing 34 fits, with O-ring 36 furnishing a fluid-tight seal
thérebetween. The top of housing 34 is closed by the
valve plate 37, held firmly against the periphery of open<
ing 38 by the Belleville disc 40. This disc is preferably,
but not necessarily, of the serrated or finger type, so as
to give a large opening for full flow volume through at a
low pressure drop in a small space. The inner periphery
of disc 40 engages a stepped portion 41 of the valve plate
37, and the outer periphery engages the stepped portion
42 of housing 34. Housing 34, valve plate 37 and Belle-
ville spring disc 40 serve as a relief valve assembly to con-
trol flow from-the inlet port 2, bypassing both filter ele-
ments 15 and 16. As is evident from FIGURE 1, the disc
40 is adapted to flex or snap downwardly and move valve
plate. 37 downwardly to communicate opening 38 with
passage 5 whenever the pressure differential therebetween
-reaches a predetérmined minimum. . .

The valve plate 37 when in a closed position, shown
in FIGURE 1, provides a barrier to fluid flow between
the inlet port 2 and the outlet port 3 bypassing the pri-
mary and reserve filter elements. Consequently, in this
position all fluid (except for valve leakage) flowing
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through inlet port 2 is directed into the passage 4 between
the inner wall of the housing 6 and the outside of the
primary filter element 15. The normal line of such fiuid
flow is shown in the solid line.

Arelief valve assembly held in place by housing flanges
20, 21 comprises the adapter ‘19, and an annular-valve
plate 50 supported by a Belleville spring disc 51 against
a plurality of ports 52 in the upper portion of the adapter.
This disc is preferably but not necessarily of the serrated
or finger type, so as to.give a large opening for full flow
volume through at a low pressure drop in a small space,
The outer periphery of the spring 51 is retained by a
spirolox retaining ring 55 fitting in a groove in the adatper.
19, and the inner periphery supports the valve 50 tightly
against the lower face of the ports 52 in a fluid-tight seal.
‘When in the closed position, shown in FIGURES 1 and
2, inclusive, the valve 50 closes off port 52 and prevents
flow of fluid from space 4. outside filter element 15 to
space 60 outside filter element 16. Hence, when the valve
plate 50 is in the closed position, fluid entering at inlet
port 2 and passing into space 4 can only proceed by pass-
ing through the filter 15 into passage 5.

When the valve plate 50 is in the open position, how-
ever, shown in FIGURE 3, the fluid is free to enter the .
space 60 between the inside of the housing 7 and the out-
side of reserve filter element 16. As is evident from FIG-
URES 1 and 3, the valve 50 is adapted to flex or snap
downwardly whenever a predetermined pressure differen-
tial is exceeded between the space 4 and space 60, which
communicates through the reserve filter element to.the
passage 5. The resulting reserve line of fluid flow is shown
in the dashed line.

The operation of the filter is as follows, Noitial flow
of fluid to be filtered (shown in solid lin¢) enters the filtef
head at inlet port 2, enters the spacé 4, whence it flows
through the primary filter elemént 15 and core 30. The
filtrate thence enters the central passage 51 and leaves the
filter unit at the outlet port 3.

The flow continues in this way until the primary filtef
element 15 becomes plugged, due, for examplé, to the
development of a deposit or varnish on the filter surfaca.
When the primary filter element becomes plugged, the

-pressure in outlet passage 5 and thus space 60, with which

it communicates via reserve filter element 16, drops to
considerably less than the pressure in space 4, and the
differential pressure required to open the valve 50 is ex-
ceeded, and the valve opens. When the valve has opened,
the flow of fluid .then continues, but now it passes the
valve 50 and enters the space 60 on the outside of the
reserve filter element 16, which it then flows through,
emerging via core 31 into the central passage 5 as before,
and leaves the filter unit via port 3. Thus, a normal fil-
tered flow is maintained, despite the plugging of the pri-
mary filter element. :
The pressure indicator 10 is arranged to give a signal
indicating plugging of the primary reserve element at a
pressure differential thereacross a little less than or the
same as that at which the valve plate 50 opens, so as to
advise the operator reserve-filtered flow has begun; and
that the primary and preferably reserve elements must be
replaced. This will give the operator sufficient time to
take appropriaté servicing action before failure .of the
reserve element, ' :
The indicator also can be set to give a signal only when
both the primary and reserve elements are plugged, and
bypass flow begun, by setting it to be actuated at’a pres-
sure differential across the primary element a little less

" than that at which valve 37 is set to open.

70
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If for any reason this pressure differential should be -
exceeded, the valve plate 37 will open and allow flow
to by-pass both the filter elements. Thus, neither the pri-
mary nor the reserve filter element need withstand any
pressure differential beyond that which allows full flow
through the valve plate 37, which thus acts as a safety
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valve to protect both the filter elements against excessive
differential pressures. :

It will of course be understood that any type of filter
element can be-employed for the primary and reserve
filter elements; as the system may require. Furthermore,
the filter element need not be in corrugated form, although
this is desirable because higher dirt capacity and higher
filtrate flow rate result from the greater surface area of
the element; thus providing a greater surface area for flow
through in-a small envelope. - ‘

Any type of relief valve can be used in place of the
Belleville spring-biased valve, although the latter is pre-
ferred. Thus, a poppet and spring type valve can also be
used.

The Belleville spring used to bias the valves of the
invention is in the form of a disk bowed against the direc-
tion of flow and which opens fully at a pre-determined
pressure differential. The flow-through required is pro-
vided by so dimensioning the disk and valve plate as to
give an annular opening of the predetermined flow capac-
ity when the valve cracks open. Disk thickness, amount
of bow, disk diameter and annular opening diameter are
determined by the pressure differential to be resisted, i.e.,
the resistance to be offered by the spring action of the
disk, and the flow capacity needed at a given pressure
differential. Preferably, the inner periphery of the disk
is serrated or fingered, for maximum size of opening in
a small space. However, conventionally circularly aper-
tured disks can also be used.

The spring disk of the invention is made of material
of high yield strength and high hardness. Materials hav-
ing minimum yield strengths of 30,000 to 250,000 p.s.i.g.,
can be used, with Rockwell hardness of the order of
C—45. Steel, stainless steel, and nickel chromium alloys
are satisfactory, as also are certain synthetic resins such
as polytetrafiuoroethylene and polyoxymethylene. Metal
spring disks of the desired type are available, and are
known as Belleville washers.

The disk can be uniform in thickness throughout or
can vary in thickness, thinner at the center than at the
edge, to give improved flexing and sealing.

Fluid flow conditions of all kinds can be met by appro-
priate design of the spring disk to any load-deflection
characteristics required in the system. The geometry of
these disks is established by the disks’ outside diameter
and inside diameter, its free height measured from the
inside edge (along the perpendicular to the outside edge)
and its thickness. Proper selection of the geometry, using
mathematical tables and equations of Fortini, Machine
Design, Sept. 4, 1958, “Conical-Disc Springs” will give
a valve capable of pressure-relieving response to any type
of load in any desired way. The valve plates 37 and 50
as well as the seats can if desired be coated with plastic
or resilient material to aid sealing.

The following is claimed:

1. A filter assembly comprising, in combination, a
housing having an inlet and an outlet; and, disposed in
the housing, a primary filter element to receive flow from
the inlet; a reserve filter element adjoining the primary
filter element in a comsecutively endwise position with
respect to the primary filter- element; separating means
extending from the juncture of the primary and second-
ary filter elements to the housing, and dividing the hous-
ing into at least two inlet flow chambers including a pri-
mary inlet flow chamber and a reserve inlet flow cham-
ber, the primary flow chamber opening onto the upstream
side of the primary filter element, and the reserve flow
chamber opening onto the upstream side of the reserve
filter element, said separating means normally closing off
the reserve flow chamber from the inlet and thus isolating
the upstream side of the reserve filter element from inlet
flow; and a relief valve associated with the separating
means and responsive to a predetermined pressure differ-
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ential across the primary filter element to open and per-
mit flow to proceed into the reserve flow chamber, thus
to expose. the upstream side of the reserve filter element
to flow from the inlet, and to permit flow to continue to
the outlet via the reserve filter element.

2. A filter assembly in accordance with claim 1, in-
cluding a second relief valve set to open at a predeter-
mined pressure differential across the reserve filter ele-
ment to permit flow to bypass both the primary and the
reserve filter elements whenever the reserve filter element
also becomes obstructed and the predetermined pressure

-differential thereacross is exceeded.

3. A filter assembly in accordance with claim 1, in
which the relief valve is in the form of a spring disk
valve,

4. A filter assembly in accordance with claim 1, in
which the primary and reserve filter elements are cylin-
drical and interchangeable, and are disposed in a tubular
housing.

5. A filter assembly in accordance with claim 1, in
which the separating means is an annulus.

6. A filter assembly in accordance with claim 5, in-
cluding a differential pressure-indicator for detecting and
indicating a pressure differential across at least the pri-
mary filler element greater than a predetermined
minimum.

7. A filter assembly in accordance with claim 1, in
which the primary and reserve filter elements are sub-
stantially identical.

8. A filter assembly in accordance with claim 1, in
which the primary and reserve filter elements are made
of paper.

9. A filter assembly in accordance with claim 1, where-
in the primary and secondary filter elements are made of
wire mesh.

10. A filter assembly in accordance with claim 9,
wherein at least one of the filter elements is made of
sintered wire mesh.

11. A filter assembly comprising a generally tubular
housing having an inlet and an outlet; and, disposed in the
housing, a primary filter element placed in proximity to
the inlet; a reserve filter element adjoining the primary
filter element in a consecutively endwise position, the two
filter elements together enclosing an open common cen-
tral passage communicating with the outlet, an annular
separating member extending from the juncture of the
primary and reserve filter elements to the housing and
forming with the housing at least two chambers, a pri-
mary inlet flow chamber and a reserve inlet flow cham-
ber, the primary inlet flow chamber enclosing the up-
stream side of the primary filter element, and the reserve
inlet flow chamber enclosing the upstream side of the
reserve filter element; support means supporting the re-
serve filter element in the housing, and forming with the
housing a portion of the reserve flow chamber, such that
the support means, the housing and the separating mem-
ber define a normally closed reserve flow chamber about
the upstream side of the reserve filter element; and a
relief valve associated with the separating member and
responsive to a predetermined pressure differential across
the primary filter element, to open and expose the up-
stream side of the reserve filter element to inlet flow,
whereby whenever the predetermined pressure differen-
tial across the primary filter element is exceeded, the
relief valve opens and filtered flow can continue via the
reserve filter element to the outlet.

12. A filter assembly in accordance with claim 11, in-
cluding a second relief valve set to open at a predeter-
mined pressure differential across the reserve filter. ele-
ment to permit flow to bypass both the primary and the
reserve filter elements whenever the predetermined pres-
sure differential thereacross is exceeded.
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-~ 13, A filter assembly in accordance with claim 11, in

‘which the filter elements are substantially identical, and

in which the annular separating member comprises an
annular adapter coupling the primary and secondary filter
elements together: 5

14. A filter assembly in accordance with claim 13, in
which the tubular housing is formed in two substantially
identical sections.

15. A filter assembly in accordance with claim 13, in
which the annular adapter is provided with an aperture 10
which is normally closed off by an annular disk valve.
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