(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘:d”Ij

International Bureau

(43) International Publication Date
31 May 2007 (31.05.2007)

) IO O T T A 0

(10) International Publication Number

WO 2007/062061 A2

(51) International Patent Classification:
B23K 20/00 (2006.01) B23K 31/02 (2006.01)

(21) International Application Number:
PCT/US2006/045102

(22) International Filing Date:
21 November 2006 (21.11.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/285,096 22 November 2005 (22.11.2005) US

(71) Applicant (for all designated States except US): CELL-
TECH METALS, INC. [US/US]; 13135 Danielson Street,
Poway, CA 92064 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): STRAZA, George,
C.p. [US/US]; 1230 Seacoast drive, Apt. 2, Imperial
Beach, CA 91932 (US).

(74) Agents: KIM, Richard, C. et al.; Morrison & Foerster
LLP, 12531 High Bluff Drive, Suite 100, San Diego, CA
92130-2040 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

-
CETTS TS,
[T — A\ [\ [y
s:gwiﬁé\g/‘%ﬂ’\
1”@5/

(54) Title: FORMED METAL CORE SANDWICH STRUCTURE AND METHOD AND SYSTEM FOR MAKING SAME

12

)

L7 —

a0\ N/ Ny san g
T TNLET TS
gg%\g/gg%\

L~ 14

77062061 A2 I} 10 00 00 OO O A

(57) Abstract: A method and apparatus for producing a metal core sandwich structure that is lightweight and many times stiffer

& than regular sheet metal, and which is easily formable into curved structures as well as structures having compound curves. In one
& embodiment, a formed metal core includes a plurality of cells comprising alternating front and rear projections extending outwardly
in front of and behind a median plane, with each projection having a bonding surface area or land configured to be brazed or bonded

=
=

with corresponding external metal sheets on both sides of the formed metal core. A plurality of micro-abrasions or indentations are
formed on the bonding lands, allowing stronger brazing or bonding joints to be formed between the metal core and the external metal
sheets by facilitating improved capillary action by the metal core during the brazing or bonding process.
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FORMED METAL CORE SANDWICH STRUCTURE AND METHOD AND SYSTEM
FOR MAKING SAME

BACKGROUND OF THE INVENTION

Technical Field

The present invention relates to metal sandwich sheet structures and, more particularly,
to formable metal core sandwich sheet structures and methods and systems for manufacturing

same.

Description of Related Art

Metal core sandwich structures are known in the art. For example, U.S. Patent No.
3,525,663 to Hale and U.S. Patent No. 4,035,536 to Morrison both disclose metal sandwich
structures having a formed metal core brazed to two outer metal sheets. However, it is
believed that the structures disclosed by Hale and Morrison, and other similar conventional
formed metal core sandwich structures, cannot be easily formed into compound curves and
other complex shapes without delaminating, wrinkling and/or otherwise losing its structural
integrity. Therefore, prior metal core sandwich structures are not well-suited for applications
that require formation of compound curves, for example, without delaminating or wrinkling
during the forming process.

Other types of metal core sandwich structures, such as honeycomb sandwich structures,
are described in U.S. patent no. 6,544,623 to Straza, for example. Although this honeycomb
core sandwich structure provides improved formability when compared to other metal core
sandwich structures, it is relatively expensive to manufacture and, th_c?ref‘q;e’,u ry10t4we;117$uitied fgr B
many commercial, cost-sensitive applications (e.g., automobile bodies).

Therefore, there is a need for an improved metal core sandwich structure that is more
economical to manufacture and which exhibits improved formability characteristics without

sacrificing structural integrity and strength.



10

15

20

25

30

WO 2007/062061 PCT/US2006/045102

BRIEF SUMMARY OF THE INVENTION

The invention addresses the above and other needs by providing an improved metal
sandwich sheet structure that includes a formed metal core that is brazed or bonded to two
outer flat metal sheets. This improved metal sandwich structure is capable of being formed
into complex shapes while retaining its structural integrity. This improved metal sandwich
structure is also easier and more economical to manufacture than prior honeycomb core
sandwich structures, while providing similar strengths and characteristics as the honeycomb
core structures, ‘

In one embodiment of the invention, a method of producing a metal core sandwich
structure includes providing a formed metal core that is lightweight and many times stiffer than
regular sheet metal, and which is easily formable into curved structures as well as structures
having compound curves that curve in two or more directions simultaneously, for example. In
one embodiment, a metal core sheet is rolled, stamped or pressed into a corrugated shape
having a plurality of cells comprising alternating front and rear projections extending
outwardly in front of and behind a median plane, with each projection having a bonding
surface area or land configured to be brazed or bonded with corresponding external metal
sheets on both sides of the formed metal core sheet. A plurality of micro-abrasions or
indentations are formed on the bonding lands, allowing stronger brazing joints to be formed
between the metal core and the external metal sheets by facilitating improved capillary action
by the metal core during the brazing process. The improved brazing joints provide better
bonds so the resulting multi-layer sheet structure will not fracture or delaminate during
forming. The resulting sandwich structure is easier to form into complex curves and shapes
while maintaining its structural integrity. Thus, the improved metal sandwich structure is well
suited for various applications where formability and structural integrity are important (e.g.,

automotive body applications).

In another-embodiment of the invention, an apparatus-for-forming an improved core - -

metal sheet is provided. The apparatus includes a press or mold that presses (via stretching
and/or gathering) the core metal sheet to form a desired corrugated core structure. At desired
locations on the surface of the press, micro-protrusions and/or micro-ridges and/or micro-lines
(collectively referred to herein as “micro-protrusions”) extend outwardly from the press
surfaces so that during forming of the core metal sheet, micro-abrasions and/or micro-grooves
and/or micro-channels (collectively referred to herein as “micro-abrasions”) are formed to

extend inwardly on desired surface areas of the formed metal core. These micro-abrasions

2
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allow for improved brazing between the formed metal core and the two outer metal sheets
through improved capillary action by the metal core during brazing.

In a further embodiment, the outer layer sheets are electro-tacked to the formed core
prior to brazing or bonding, which allows for improved subsequent brazing and an improved
quality sandwich structure. In one embodiment, the invention provides a novel electro-tacking
apparatus for tack welding the formed core to the outer metal sheets prior to brazing.

In various embodiments of the invention, various cell shapes and geometries such as
hexagonal, square, octagonal or other shape may be formed in the core sheet as well as
different cell sizes in accordance with desired formability, stiffness and crush characteristics.
For example, it may be desirable for some zones of the sandwich structure to be more easily
crushed (e.g., to provide “crush zones” in an automobile body frame) or to be more rigid or
more flexible. For example, if crush zones are desired, the sandwich structure (or at least
designated areas of the sandwich structure) can be designed to be more easily crushed which
may help avoid automobile impact injuries while other areas of the automobile body (e.g.,
roofs) will be stiffer, allowing for more protection from metal crushing into passenger

compartments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a perspective view of a metal core sheet after it has been formed, in
accordance with one embodiment of the invention.

Figure 2A illustrates a top view of the formed metal core sheet of Figure 1.

Figure 2B illustrates a cross-sectional side view of the formed metal sheet of Figures 1
and 2A, taken along a cross-section indicated by lines 2B-2B of Figure 2A.

Figure 3 A illustrates a top view of a metal core sheet formed in a corrugated checker-
board pattern, in accordance with another embodiment of the invention.

Figure 3B illustrates a cross-section side view of the formed metal core of Figure 3A
taken along lines 3B-3B of Figure 3A.

Figure 4 illustrates a side view of a metal core sheet being formed between two press
plates or molds, in accordance with one embodiment of the invention.

Figure 5 illustrates an exploded side view of a metal core sandwich structure prior to
brazing, in accordance with one embodiment of the invention.

Figure 6 illustrates the metal core sandwich structure of Figure 4 after brazing.
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Figure 7 illustrates a perspective view of an electro-tack welding apparatus used to tack

weld the metal core sandwich structure prior to brazing, in accordance with a further

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE
INVENTION

Preferred embodiments of the invention are described in detail below with reference to
the figures wherein like elements are referenced with like numerals throughout. It is
understood that the figures are not necessarily drawn to scale but intended to merely illustrate
some of the novel aspects, features and processes of the invention.

Figure 1 illustrates a perspective view of a formed metal core 10 made in accordance
with one embodiment of the invention. In this embodiment, the metal core 10 is formed in a
corrugated pattern having a plurality of cells 12 comprising alternating front and rear
projections extending outwardly in front of and behind a median plane 14, with each projection
having a bonding surface area or land 16 configured to be brazed or bonded with
corresponding external metal sheets (not shown) on both sides of the median plane 14. As
shown in Figure 1, a plurality of micro-abrasions or indentations 18 are formed on the bonding
lands 16. As explained in further detail below, the micro-abrasions 18 provide stronger
brazing joints to be formed between the metal core 10 and the external metal sheets by
facilitating improved capillary action by the metal core 10 during the brazing process.

Figure 2A illustrates a top view of the formed metal core 10 of Figure 1. The metal
core 10 includes a plurality of upwardly proj écting cells 12A and a plurality of downwardly
projecting cells 12B. The bonding lands 16 of the upwardly projecting cells 12A are also
shown while the bonding lands 16 of the downwardly projecting cells 12B are located on the
opposite side of the core 10 and, hence, not shown in Figure 2A. A plurality of micro
abrasions or indentions 18 are formed on the bonding lands 16 of each cell 12A and 12B to
facilitate improved capillary action of the metal core 10 during brazing.

Figure 2B illustrates a cross-sectional side view of the metal core 10 taken along
perspective lines 2B-2B of Figure 2A. As shown in Figures 1, 2A and 2B, in one embodiment,
each cell 12A and 12B is formed in the shape of an octagon. However, it is understood that the
invention is not limited to any particular shape, size and/or configuration of the cells 12A, 12B.

Any desired shape, size and configuration of cells may be utilized to achieve various desired
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physical characteristics of the resulting metal core sandwich structure, in accordance with the
present invention.

Figure 3A illustrates a top view of an alternative, exemplary formed metal core 30
having a plurality of square-shaped cells 32A and 32B in a checkerboard configuration. The
cells 32A represent upwardly projecting cells and the cells 32B represent downwardly
projecting cells. Each cell 32A and 32B has a corresponding bonding land 34 and a plurality
of micro-abrasions 36 on the surface of each bonding land 34. Figure 3B illustrates a cross-
sectional side view of the formed metal core 30 of Figure 3A, taken along lines 3B-3B of that
figure.

Figure 4 illustrates a cross-sectional side view of the metal core 30 as it is formed
between two presses 42 and 44 having corresponding molded patterns and configurations to
form the metal core 30 into a desired shape and configuration. During forming, a flat sheet of
metal material 30 is placed between the top and bottom presses 42 and 44, respectively. As the
top and bottom presses 42 and 44 are pressed together the metal core 30 is formed via
stretching and/or gathering of the metal sheet material 30 to form the cells 32A and 32Bina
checkerboard configuration. It is understood that the presses 42 and 44 are exemplary only and
that presses having other desired molded patterns and configurations may be utilized to form a
metal core having cells of various shapes (e.g., octagons, hexagons, pentagons, squares,
triangles, etc.), and sizes, and configurations.

In one embodiment, the micro-abrasions 36 illustrated in Figure 3A, for example, are
formed during pressing of the metal core 30. A plurality of micro-protrusions, ridges and/or
lines (collectively referred to herein as “micro-protrusions”) (not shown) are provided on
selected surfaces 46 and 48 of top and bottom presses 42 and 44, respectively. During pressing
of the metal core 30, the micro-protrusions form the plurality of micro-abrasions 36 on the
bonding lands 34 of the cells 32A, 32B of the formed metal core 30. In one embodiment, the
micro-protrusions are formed on the surfaces of the presses 42 and 44 corresponding to the
bonding lands 34 of the formed metal core 30. In one embodiment, the micro-protrusions are
formed on the corresponding press surfaces by fine etching of press surfaces using known
means and techniques (e.g., electrical metal etching, chemical etching, sand blasting, grit
blasting, etc.). In one embodiment, the micro-protrusions are formed so as to provide micro-
abrasions 36 having a depth and/or width of 0.0005 inches to 0.002 inches and cover
approximately 50-80% of the surface area of the Bonding lands 34. In various embodiments,

the abrasions 36 may be substantially parallel channels, criss-cross configuratons, orchannels
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traveling in random directions and/or curved channels. In alternative embodiments, the micro-
abrasions may be formed by electronic discharge machining (EDM) processes, which are well-
known in the art. In other embodiments, the micro-abrasions 36 may be formed on the
bonding lands 34 of the metal core 30 after the metal core 30 has been pressed and formed. It
is appreciated, however, that providing presses 42 and 44 with preformed micro-protrusions
that automatically form micro-abrasions 36 on the metal core 30 during pressing can save
substantial time and work when compared to forming the micro-abrasions 36 manually or
individually for each metal core 30 subsequent to pressing.

In alternative embodiments, the metal core 10, 30 may be formed after a brazing
material has been placed on each side of the core 10, 30. Thus, the metal core sheet, plus
brazing material on each side of the metal core sheets, are pressed and formed together by the

presses 42 and 44. The brazing material can be placed onto the surface of the metal core 10,

30 prior to forming the core 10, 30 by spraying a brazing powder onto the core sheet to be

formed or by placing sheets of brazing material 50 on either side of the core sheet to be
formed. With the proper amount of pressure during forming, the brazing material will be
embedded into the core sheet. This facilitates the subsequent brazing process by evenly
distributing the braze material across the surface of the core sheet to be formed. In these
embodiments, the micro-abrasions 18, 36 are formed and pass through the brazing material
onto the bonding lands 16, 34 of the formed metal core 10, 30. Thereafter, the formed metal
core 10, 30 plus formed brazing material sheets are sandwiched between two external metal
sheets and brazed at higﬁ temperature (e.g., 670 to 730 degrees Celsius) in a reduced-
atmosphere or vacuum furnace to produce a metal core sandwich structure in accordance with
the present invention.

Figure 5 illustrates an exploded cross-sectional side view of an exemplary formed metal
core 10 (Fig. 1) sandwiched between two sheets of brazing material 50, which are in turn
sandwiched between two external metal sheets 60. In this embodiment, the brazing material
sheets 50 have not been pressed and formed with the metal core 10, as described above. Figure
6 illustrates a cross-section side view of the resulting metal core sandwich structure 70 after
brazing of the metal core 10 to the external metal sheets 60 has been completed. The micro-
abrasions 18 (Fig. 2A) allow for an improved capillary effect so that the brazing material 50,
upon melting, flows into the pores of the bonding lands 16 (Figs. 1 and 2A) more easily and
thereby provides a stronger braze joint between the closely fitted surfaces of the bonding lands

16 and the external metal sheets 60. The improved capillary effect and, hence, improved
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brazing joint provided by the micro-abrasions 18 produce a stronger metal core sandwich
structure 70 that can be formed into compound curves, and other shapes and forms, more easily
without delaminating, wrinkling or otherwise losing its structural integrity. In further
embodiments, micro-abrasions may also be formed on the interior surface of the external metal
sheets 60 in order to improve the capillary effect of the external metal sheets 60 during
brazing.

In a further embodiment of the invention, prior to brazing, all of the layers of the metal
sandwich structure 70, comprising a formed metal core 10, brazing material sheets 50 and two
outer metal sheets 60, are electro-tack-welded together so as to secure the multiple layers to
one another and prevent relative movements during the brazing process. This further improves
the strength of the braze joints formed between the bonding lands 16 of the core 10 and the
external metal sheets 60 to provide a higher quality finished product.

Figure 7 illustrates a perspective view of a novel tack welding apparatus 100 that may
be used in conjunction with the present invention. The apparatus 100 includes a computer
and/or electronically controlled actuator box 102 that contains standard electronics and
mechanical components (e.g., gears, switches, power supply, etc.) to control movement of an
actuator arm 104 that controls miovement of a top plate 106. The metal core sandwich
structure 70 (Figs. 5 and 6) is positioned between the top plate 106 and a bottom ground plate
108. As shown in Figure 7, the top tack-welding plate 106 comprises a plurality of subsections
110 that are electrically insulated from each other. In one embodiment, the subsections 110
can be made from copper or copper-alloy and are insulated from one another by an insulating
material (e.g., ceramic). Each of the subsections 110 are electrically coupled to a
corresponding conductive wire 112 via corresponding contacts 114. The conductive wires 112
are coupled to a power switch box 116 that controls when electrical current is supplied to each
individual wire 112. The power switch box 116 can be controlled by a computer or processor
(not shown).

In one embodiment, a high energy, low voltage current is sequentially applied to each
subsection 110 to tack-weld a corresponding portion of the metal core sandwich structure 70
located between the corresponding subsection 110 and the bottom ground plate 108. In one
embodiment, the top and bottom plates 106 and 108, respectively, apply an even pressure
throughout the sandwich structure 70. A sequence of tack welds are rapidly performed in
different areas of the sandwich structure 70 by sequentially applying an electrical current to

each subsection 110 of the top plate 106. By sequentially tack-welding only portions of the
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sandwich structure 70 at any one time, this tack-welding process allows for controlled heating
and cooling throughout the sandwich structure 70, which in turn allows for improved tack
welds. Thus, portions of the sandwich structure 70 following tack-welding are allowed to cool
while other portions are being tack-welded. This cooling process provides better tack-welds
and the resulting sandwich structure 70 has a lower tendency to delaminate at individual tack
welds. In other words, letting the structure 70 heat up and cool in different areas as it is being
tack welded helps prevent individual tack welds from separating. After the metal core
sandwich structure 70 has been tack welded together, as described above, the structure 70 is
then placed in a furnace for brazing.

The metal core sandwich structure 70 may incorporate any type of metal and/or metal
alloys as the formed core 10, 30 and the external metal sheets 60, such as Al or D2 steel, for
example. It is understood that any metals, metal alloys, or combinations thereof, that are
suitable for brazing are contemplated to be within the scope of the present invention (e.g.,
copper, aluminum, titanium, etc.). Additionally, any type of known brazing material in the
form of sheets, foils, sprays , powders, paste or slurries, for example, may be utilized in
accordance with the present invention. Furthermore, it is contemplated that some
embodiments of the invention may utilize non-metal core materials and non-metal external
sheets. For example, known synthetic and/or polymer materials (e.g., Kevlar) may be used to
form an injection-molded core and thereafter bonded (e.g., sonically welded and/or vibration
welded) to synthetic and/or polymer outer sheets. Micro-abrasions are formed on the bonding
lands of the non-metal core which facilitate gripping between the core and the external sheets
during and after welding,.

Various preferred embodiments of the invention have been described above. However,
it is understood that these various embodiments are exemplary only and should not limit the
scope of the invention as recited in the claims below. Various modifications of the preferred
embodiments described above can be implemented by those of ordinary skill in the art, without
undue experimentation. These various modifications are contemplated to be within the spirit

and scope of the invention as set forth in the claims below.
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CLAIMS
What is claimed is:

1. A method of manufacturing a metal core sandwich structure, comprising:

forming a metal core having a plurality of front and rear projecting cells, each cell
having a corresponding front or rear facing bonding land;

forming micro-abrasions on the bonding lands of each cell;

placing a brazing material on both sides of the formed metal core;

placing first and second metal sheets on both sides of the formed metél core, thereby
forming a sandwich structure, wherein the brazing material is positioned between the formed
metal core and the first and second metal sheets on each side of the formed metal core; and

heating the sandwich structure to braze the formed metal core to the first and second
metal sheets, wherein the micro-abrasions allow for improved capillary action at the bonding

lands of the cells.

2. The method of claim 1 further comprising tack-welding the sandwich structure prior to
heating.
3. The method of claim 2 wherein the act of tack-welding comprises sequentially tack-

welding sub-areas of the sandwich structure so as to allow one sub-area to cool while another

sub-area is being tack-welded.

4. The method of claim 1 wherein the cells are configured so as to have a shape selected
from a group consisting of: octagons, hexagons, pentagons, squares, rectangles, triangles and

circles.

5. The method of claim 1 wherein the micro-abrasions comprise grooves that are

approximately .0005 to .002 inches in depth.

6. The method of claim 1 wherein the micro-abrasions cover approximately 50-80% of the

surface area of the bonding lands.
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7. The method of claim 1 wherein the micro-abrasions are formed on the bonding lands
during forming of the metal core.
8. A metal core sandwich structure comprising:

a metal core having a plurality of front and rear projecting cells, each cell having a
corresponding front or rear facing bonding land; and

first and second metal sheets brazed onto the bonding lands of the plurality of cells on
both sides of the formed metal core, thereby forming a sandwich structure, wherein a plurality
of micro-abrasions are formed on the bonding lands of the cells prior to brazing so as to allow

for improved capillary action at the bonding lands of the cells.

9. The structure of claim 8 wherein the metal core and the first and second metal sheets

are tack-welded together prior to brazing.

10.  The structure of claim 9 wherein the structure is tack-welded sequentially at sub-areas
of the structure so as to allow one sub-area to cool while another sub-area is being tack-
welded.

11.  The structure of claim 8 wherein the cells are configured so as to have a shape selected
from a group consisting of: octagons, hexagons, pentagons, squares, rectangles, triangles and

circles.

12.  The structure of claim 8 wherein the micro-abrasions comprise grooves that are

approximately .0005 to .002 inches in depth.

13.  The structure of claim 8 wherein the micro-abrasions cover approximately 50-80% of

the surface area of the bonding lands.

14.  The structure of claim 8 wherein the micro-abrasions are formed on the bonding lands

during forming of the metal core.

10
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15. A formed metal core configured to be bonded to at least one outer metal sheet to
provide a metal core sandwich structure, the formed metal core comprising:

a plurality of front and rear projecting cells, each cell having a corresponding front or
rear facing bonding land; and

a plurality of micro-abrasions formed on the bonding lands of the cells prior to brazing

so as to allow for improved capillary action at the bonding lands of the cells.

16.  The formed metal core of claim 15 wherein the cells are configured so as to have a
shape selected from a group consisting of: octagons, hexagons, pentagons, squares, rectangles‘,

triangles and circles.

17.  The formed metal core of claim 15 wherein the micro-abrasions comprise grooves that

are approximately .0005 to .002 inches in depth.

18.  The formed metal core of claim 15 wherein the micro-abrasions cover approximately

50-80% of the surface area of the bonding lands.

19, The formed metal core of claim 15 wherein the micro-abrasions are formed on the

bonding lands during forming of the metal core.

20.  An apparatus for forming a metal core configured to be bonded to two outer metal
sheets to provide a metal core sandwich structure, the apparatus comprising:

a top press; and

a bottom press, configured to operate in conjunction with the top press to form a metal
sheet into a desired shape having a plurality of front and rear projecting cells, each cell having
a corresponding front or rear facing bonding land; and

wherein the top and bottom presses each comprise a plurality of micro-protrusions for
creating a plurality of micro-abrasions on the bonding lands of the cells to allow for improved

capillary action at the bonding lands of the cells.

21.  The apparatus of claim 20 wherein the micro-protrusions are configured to produce

micro-abrasions that are approximately .0005 to .002 inches in depth.

11
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22.  The apparatus of claim 20 wherein the micro-protrusions are configured to provide

micro-abrasions that cover approximately 50-80% of the surface area of the bonding lands.

12
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