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[57] ABSTRACT

A porous laminate is disclosed consisting of a plurality
of lamina each having a parallel slot series formed
therein, stacked with the respective adjacent slot series
overlapping and extending transversely to each other
and bonded to each other to form the porous laminate.
Variations disclosed include tapering the slots in one or
more of the lamina to create a variable porosity and the
inclusion of tying sections at intermediate points along
the slots for reinforcement purposes.

The disclosed process includes the steps of photoetch-
ing metal sheets to create the slot pattern, stacking a
plurality of the sheets together with the slots in adjacent
sheets extending transversely to each other, diffusion
bonding the stacked sheets to form a porous laminate,
and calendering the finished sheet to modify or adjust
permeability.

8 Claims, 5 Drawing Figures
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POROQUS LAMINATE AND METHOD OF
MANUFACTURE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention concerns porous materials and meth-
ods of manufacture thereof.

2. Description of the Prior Art

Certain filtering and turbine cooling applications
have required a multilayer porous material in which the
openings therein can be fairly closely controlled both
laterally across the width of the layer and also through
the entire thickness of the material so that the overall
permeability of the material to fluid flow can be pre-
cisely controlled.

A prior art approach to satisfying this requirement is
described in U.S. Pat. No. 2,857,657 involving cros
winding of successive layers of flattened metal wire
onto a mandrel and diffusion bonding of the layers to-
gether. While more effective than the relatively impre-
cise method of simply stacking and bonding layers of
wire mesh together, certain drawbacks are nonetheless
also inherent with this approach:

High cost of the small diameter wires usually used.

Nonuniformity of wire diameter (affects porosity).

Waste selvage that must be trimmed from the ends of

each cylinder (often 10 to 20 per cent).

Periodic cross-over points where porosity is nonuni-

form.

Need for specialized winding machines.

Lengthy calculation procedure needed for each wind

pattern.

Compromises in wind pattern due to machine limita-

tions.

Limited sizes of sheets producible with present equip-

ment.

Wind pattern varies slightly in each successive layer

as the winding radius increases.

Another disadvantage is encountered in incorporat-
ing such materials into complete structures such as tur-
bine parts, as these materials must often be welded and
such wound materials have proven difficult to weld and
the resulting welds sometimes produce frayed windings
and surface subsidence.

Turbine applications also have created a need for a
variable porosity material, i.e., a material 1n which its
permeability differs in different regions of the same
sheet. While the above-described method can be uti-
lized to produce this characteristic, it is difficult and
lacking in allowing a reasonable latitude of design flexi-
bility.

Accordingly, it is an object of the present invention
to provide an accurately controlled permeability multi-
layer material in which the aforementioned limitations
of a wound material are minimized or eliminated.

SUMMARY OF THE INVENTION

These and other objects which will become apparent
upon a reading of the following specification and claims
are accomplished by a porous laminate which consists
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of a plurality of lamina each having a parallel slot series
formed therein, stacked with the respective adjacent
slot series overlapping and extending transversely to
each other, bonded to each other to form the porous
laminate. Variations disclosed include tapering the slots
in one or more of the lamina to create a variable poros-
ity and the inclusion of tying sections at intermediate
points along the slots for reinforcement purposes.

The method of manufacture thereof includes the steps
of photoetching metal sheets to create the slot pattern,
stacking a plurality of the sheets together, and diffusion
bonding the stacked sheets to form a porous laminate,
followed by calendering to modify thickness and/or
permeability when desired.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is an enlarged perspective view of a laminate
according to the present invention with the top two
layers peeled back to better illustrate the construction
thereof.

FIG. 2 is a view of the section taken along the line
2—2 in FIG. L |

FIGS. 3 and 4 are plan views of porous laminates
according to the present invention of alternate forms of
construction.

FIG. 5 is a flow sheet depicting the steps in the
method of manufacture of the porous laminate accord-
ing to the present invention.

DETAILED DESCRIPTION

In the following detailed description, certain specific
terminology will be utilized for the sake of clarity and a
specific embodiment described in order to provide a
complete understanding of the invention, but the inven-
tion is not so limited and may be practiced in a vanety
of forms and embodiments.

Referring to the Drawings, and particularly F1G. 1,
the porous laminate 10 according to the present inven-
tion consists of a plurality of lamina 12, each lamina
having a series of uniform width parallel slots 14 and
strips 16 formed therein. As shown, the lamina are
stacked in intimate contact with each other such that
these slots 14 overlap and extend transversely to the
slots of each of adjacent lamina. The crossing angle
would vary from 15° to 90° for most applications, the
area of intersection increasing with decreasing crossing
angles to thereby increase the pore opening for a given
strip-to-slot ratio.

Each lamina 12 is bounded by solid areas 18 extend-
ing about the slot patterns to join the strips 16 and also
provide an easily weldable portion thereof since these
areas are aligned in the stack such that the laminate 10
has a solid peripheral border.

The lamina 12 are bonded to each other to thus pro-
duce the integral laminate 10.

The permeability of the laminate 10 to fluid flow 1s
controlled by the relative size of the open areas formed
by the intersection of the crossing slot patterns as well
as the thickness and the number of layers making up the
laminations. .

A typical embodiment utilizes ten layers of 0.002 inch
thick 304 stainless steel with a 0.010 inch wide strips and
0.0035 inch slots to vield a 26 per cent porosity. [inch
wide strips and 0.0035 inch slots to yield a 26 per cent
porosity }

Permeability of the porous lamination can also be
affected by providing at least a partial offset in succeed-
ing alternate lamina 12 such that lateral flow occurs in
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the lamination. A 100% offset is shown in FIG. 2[,].
that 1s, the strips 16 in alternate layers 12 are not
aligned, but rather are aligned with the slots 14 of a
preceding alternate layer 12. A lesser offset would exist
if the strips 16 were offset to some other degree.

Due to this offset, fluid flow laterally down the trans-
versely extending slots 14 would necessarily occur, and
since the cross-sectional area of this flow path would be
roughly equal to the cross-sectional area of the slots 14,
the permeability would likewise be influenced by this
parameter.

In connection with this approach, very low porosity
materials having high fluid-to-laminate heat transfer
characteristics are possible with configurations wherein
the layer thickness 1s much less than the slot width, the
permeability thus being controlled primarily by the
layer thickness rather than the slot widths. This is con-
trasted with wire wound or woven mesh materials
when the fabrication processes limit the width to thick-
ness of the filamentary material able to be used.

Variations of the basic configuration are shown in
FIGS. 3 and 4. The first of these 1s a variable porosity
laminate produced by tapering the slots 14 from one
side to the other and stacking the lamina 12 with the
larger ends of the tapered slots 14 overlapping the
larger so that the slot-to-strip ratio varies across the
laminate 10 to thereby produce a vanable porosity
across the laminate 10. Many other techniques such as
stepped slots, etc., would be utilized depending on the
requirements of the particular application to obtain such
a variably porous material.

For relatively large thin sheets, it may be difficult to
handle the individual lamina 12 without damaging
them, and for this reason tie sections 20 may be pro-
vided as shown in FIG. 4 as a reinforcement t0 maintain
the slot 14 widths. Preferably, these sections 20 will be
staggered so as to have a minimal effect on the permea-
bility of the materials, but these sections may be unstag-
gered for special purposes such as to form localized
flow barriers and/or weld strips.

Many other variations are also easily possible by
virtue of this approach. For example, it is sometimes
necessary to drill holes for various purposes through the
porous material. By forming the individual lamina 12
with aligned annular solid areas 22 (FIG. 4) such a
through hole 24 is possible without the need for a sepa-
rate drilling operation, and also passages difficult to
form, such as square sections, are easily provided.

The lamina 12 themselves may also differ from one
another in pattern, thickness, or material for such pur-
poses as strength, rigidity, flow metering, or to provide
transition to other elements or structures.

The preferred method of manufacturing the porous
laminated material according to the present invention as
desired, includes the step of photoetching the desired
slot patterns into the individual lamina. This process
involves the coating of one or both sides of the lamina
with a resist material in the areas to remain solid. This
coating can be done in several ways including silk
screen, painting, or by photographic means. This is
followed by a chemical etching process which dissolves
the uncoated material to thus create the individual lam-
ina. Inasmuch as this process is known to those skilled in
this art, it is not felt necessary to set forth herein a com-
plete detailed description thereof. Alternatively, other
forming methods could be used in some cases such as

precision stamping.
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The individual lamina 12 are then stacked with the
alternate slot patterns extending transversely to each
other, prior to bonding of the stack into an integral
laminate. Ordinarily, the degree of precision needed is
low, however, for precision alignment, alignment holes
can be provided in the borders or on separate break-
away borders.

The preferred technique of bonding is the diffusion
bonding process, aithough alternate processes such as
soldering, brazing, welding, or the use of adhesives are
possible.

Diffusion bonding requires thorough cleaning of the
lamina 12, and may include the application of bonding
aids such as copper plating prior to the aforementioned
stacking of the individual lamina 12.

Bonding itself takes place with the lamina stack under
heat (a typical temperature for stainless steel would be
2,100° F) and pressure in an inert or reducing atmo-
sphere such as dry hydrogen gas to prevent oxidation of
the surface.

This process per se is also well known and it is like-
wise not felt necessary to here include a detailed de-
scription of the same for a proper understanding of the
present invention.

The laminate 10 may be calendered to provide some
adjustment of its permeability and/or thickness. Finally,
the resulting assemblage may then be trimmed to the
exact size necessary for the particular application as
necessary.

From this description it can be appreciated that a
porous material has been provided in which the dimen-
sions of the flow passages therein can be precisely con-
trolled throughout the thickness of the material. In
addition, this approach offers great design flexibility in
providing particular permeability characteristics and
incorporation of the material into various structures.

While specific embodiments and methods of manu-
facture have been described herein, in the interests of
clarity, it 1s of course understood that many alternate
constructions and methods of manufacture are possible
within the scope of the invention.

For example, successive layers may be oriented with
the slots at progressive transverse angles’ rather than at
alternate angles so that the stiffness is uniform to bend-
ing forces applied along any axis.

What 1s claimed is:

[1. A porous laminate comprising:

a plurality of lamina having slot patterns formed
therein, said lamina stacked i1n intimate contact
with each other with said slot patterns of adjacent
lamina overlapping and extending transversely to
each other to provide intersecting slot patterns,
said stacked lamina being bonded to each other to
form said laminate, whereby said intersecting slot
patterns form fluid flow passages through said
laminate.}

[ 2. The laminate of claim 1 wherein said slot patterns
comprise a parallel series of uniform width slots formed
in said lamina. }

[ 3. The laminate of claim 1 wherein said slots formed
in said lamina are tapered in the plane of the lamina and
said lamina are stacked with the larger end of said slots
overlapping, whereby a variable porosity laminate is
provided. ]

[ 4. The laminate of claim 1 wherein said slots in said
slot patterns have spaced tie sections formed along their
lengths.}
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[5. The laminate of claim 1 wherein each of said
lamina have solid areas formed extending around said
slot patterns and wherein said solid areas as aligned in
said stack, whereby said laminate is formed with a solid
peripheral border.}

[6. The laminate of claim 1 wherein said slots in
alternate lamina in said stack extend parallel to each
other but are at least partially offset from each other to
form lateral flow passages in said laminate. ] 10

[7. A method of manufacturing a porous materal
cCoOmprising:

forming a slot pattern in a plurality of lamina;

stacking said lamina in intimate contact with each

other with said slot patterns of adjacent lamina 15
overlapping and extending transversely to each
other; and

bonding said lamina to each other to form a porous

laminate. }

8 A multilayer porous laminate comprising a plurality 20
of lamina, each lamina having a slot pattern formed
therein, wherein each slot pattern comprises a series of slots
formed in the corresponding lamina, said slots in a lamina
defining axes of orientation parallel therebetween, said
lamina being stacked in intimate contact with each other,
with said slots of adjacent lamina overlaying in abutting
relationship and extending with their respective axes of
orientation at an angle to each other to provide intersecting
slot patterns, the slots in alternate lamina in said stack .,
having parallel axes of orientation to each other which are
at least partially and laterally offset from each other to
form lateral flow passages in said laminate, and means
bonding said lamina to each other to form said laminate,
whereby said intersecting slot patterns form fluid flow 3s
passages through said laminate.

9. The laminate of claim 8 wherein said slots in said slot
patterns have spaced tie sections formed along their
lengths.
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10. The laminate of claim 8 wherein each of said lamina
have solid areas formed extending around said slot pat-
terns and wherein said solid areas as aligned in said stack,
whereby said laminate is formed with a solid peripheral
border.

11. A porous filter laminate comprising:

a plurality of lamina having slot patterns formed
therein, said lamina stacked in intimate contact with
each other with said slot patterns of adjacent lamina
overlapping and extending transversely to each other
to provide intersecting slot patterns, said slots formed
in said lamina being tapered in the plane of the lam-
ina and said lamina being stacked with the larger end
of said slots overlapping, whereby a variable porosity
laminate is provided, the slots in alternate lamina in
said stack having parallel axes of orientation to each
other which are at least partially and laterally offset
from each other, said stacked lamina being bonded to
each other to form said laminate, whereby said inter-
secting slot patterns form fluid passages through said
laminate.

12. A method of manufacturing a porous material, char-
acterized by the steps of forming a series of slots in a plural-
ity of lamina, said slots in a lamina defining axes of orien-
tation parallel therebetween, stacking said lamina in inti-
mate contact with each other with said slots of adjacent
lamina overlaying and extending at an angle to each other,
stacking said lamina with slots of alternate lamina having
parallel axes of orientation which are laterally offset from
each other, and bonding said lamina to each other to form
a multilayer porous laminate.

13. The method of claim 12 wherein said forming step
comprises photoetching said slot pattern in said lamina.

14. The method of claim 12 wherein said bonding step
comprises diffusion bonding said lamina together to form
said laminate.

15. The method of claim 14 wherein said forming step

comprises photoetching said slot pattern in said lamina.
¥ ¥y = . »



	Front Page
	Drawings
	Specification
	Claims

