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STACKED LAMINATE MOLD AND MEmOD OF MAKING 

TECHNICAL F1ELD 

s The present invention relates generally to methods of forming a mold and to 

such a mold, and more particularly to methods of fanning stacked laminate molds and 

to such stacked laminate molds. 

BACKGROUND OF THE J.NVENTION 

10 Stacked laminate molds and their use are known. In one known mold, a 

plurality of plates can be formed having V-shaped grooves cut. through a top edge of 

the plate with the V-shaped groove extending from a first surface to a second surfilce 

of the plate with the bottom of the groove being parallel to the top surface of the plate. 

Adjacent plates may be staggered such that the grooves in one plate are bounded by 

15 the major surfaces of the plates in front and in back of such plate. Such plates have 

been known to be used, for example, for funning molded piled products. One example 

ofa stacked laminate mold is taught in U.S. Patent No. 3,312,583, "Apertured and 

Staggered Molded Piled Product" (Rochlis). 

It has aJso been Ja:aown to use stacked laminate molds for making the hook 

20 component of hook-and-loop fasteners. In such molds, it is known to form complex 

hook-shaped engaging members with a stacked laminate mold by etching or engraving 

a cavity into a major sur.fit.ce of a mold plate, the cavity having the desired hook 

configuration such as a J-hook or nail headed hook member. The cavity is open to the 

top surface of the stacked laminate mold. A plurality of such hooks can be fonned 

25 across the length of one mold plate, with a plurality of similarly configured mold plates 

placed adjacent to one another. All of the plates may include cavities, or spacer plates 

without cavities may be placed between plates with cavities. Such stacked laminate 

molds can be used for batch production, that is for making discrete lengths and widths 

of molded products having a plurality of hooks. See for example U.S. Patent Nos. 

30 3,147,528, "Separable Fastener Element" (Erb); and 5,368,549, "Method forlnjection­

Molding an Orthopedic Device and Product of the Method" (Mc Vicker). It is also 

known to use circular-shaped stacked laminate molds for continuous production of 

molded strips having a plurality of hooks. See for example U.S. Patent Nos. 
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3~762,000, "Production ofa Continuous Molded Plastic Strip" (Menzin et al.); 

3,196,490, '1Apparatus for Manufacture ofa Continuous Strip ofMolded Plastic 

Product11 (Erb); and 4,872,243, "Multi-Hook Fastener Member" (Fischer); and Rosato 

and Rosato, Injection Molding ffandbook, VanNostrand Reinhold Company, 

s pp. 753-56. 

It has also been known to use stacked ·laminate molds in the production of 

retroreflective or triple-reflective material. The stacked laminates are generally 

configured so as to form three full surfaces of a cube when the adjacent plates are 

stacked together for molding the retroretlective product. See for example U.S. Patent 
10 Nos. 1,591,572, "Process and Apparatus for Making Central Triple Reflectors11 

(Stimson); 3,649, 153, "Faceted Core• (Brudy); 4,066,236, "Cube Comer Type 

Retroretlector Bodies and MoJds Made Therewith" (Lindner); and 4,095, 773, 

"Subassemblies for Cube Comer Type Retroretlector Molds" (Lindner); and German 
Provisional Publication (OS) 42 36 799 Al (Gubela). 

IS Methods for funning an electrically conductive coating on non-conductive 

mold surfaces are known, as are methods for electrodeposithig a metal coating onto a 
mold surface. See for example U.S. Patent Nos. 4,871,623, "Sheet-Member · · 

Containing a Plurality of Elongated Enclosed Electrodeposited Channels and Method 11 

(Hoopman et al.); and 5,070,606, "Method for Producing a Sheet Member Containing 
20 at Least One Enclosed Channel" (Hoopman et al.) 

SUMMARY OF THE INVENTION 

The present invention presents a stacked laminate mold, and methods of 

making stacked laminate molds. Such a staclced laminate mold may be used to mold a 

25 desired article or may be used to mold a subsequent mold. When the staclced laminate 

mold is used to mold a subsequent mold, an inverse of the stacked laminate mold can 

be made, for example, by electrodepositing a metal coating on the stacked laminate 

mold and removing the metal inverse from the stacked laminate mold. This metal 

inverse can be used to mold a desired article, or may itself be an intennediate mold. 

30 When the metal inverse is an intermediate mold, it is possi'ble to form an inverse of the 

metal inverse to obtain a mold that is a replicate of the mold surface of the stacked 
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laminate mold. Such a replicate can comprise, for example, an electrodeposited mold, 

a plastic mold. a silicone mold, or any other desired material. 

In one preferred embodiment of the present invention, a stacked laminate mold 

is formed having cavities that are the inverse of the desired final article. Such a mold 

s may be referred to as a •negative" mold, as its configuration is the negative of the final 

desired article. The stacked laminate negative is then used to produce a metal 

"positive" mold by electrodepositing a metal coating, such as nickel, onto the stacked 

laminate negative. This metal positive has a mold surfiwe that is the same as, in other 

words a "positive" of, the surface of the final desired article. This metal positive is 

JO then used to form a "negative" mold that is a replicate of the original stacked laminate 

mold, having a configuration that is a negative of the final desired article. This 

negative mold can comprise any desired material, such as a suitable plastic or silicone 

composition. This final negative mold can then be used to. form the final desired 

article. In one preferred embodiment, the molded article comprises a generally planar 

ts base sheet having a plurality of protrusions extending therefrom, the protrusions being 

formed by the cavities in the mold. 

While the above-described system is a preferred embodiment, it is understood 

that the stacked laminate mold may be used to directly mold a desired article, or that 

any number of intermediate molds may be made on the way to molding the ultimate 

20 desired molded article. In that regard, it is understood that the stacked laminate mold 

may be either a negative or positive of the final desired article. 

The stacked laminate mold of the present invention is made by a method which 

provides a convenient and accurate way of forming mold cavities having accurately 

controUed surfaces, and edges between surfAces that closely approach a true linear 

2s edge. This accuracy can be replicated in the subsequent intermediate molds and in the 

final moJded article. 

One preferred embodiment of the present invention presents a method of 

fonning a stacked laminate mold. The method comprises the steps of: a) orienting a 

plurality of plates to have their respective major planes at a first angle relative to a 

30 fixed reference plane and parallel to one another. each of the plates including opposed 

parallel first and second major surfaces defining therebetween the major plane of each 
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of the plurality of plates, each of the plates further including a mold surface connecting 

the first and second major surfaces; b) fonning a groove in the plurality of plates, the 

groove including a groove surface defined by cylindric surface that is the construct of 

translating a two-dimensional groove profile through the plate a1ong a line that is 

s oblique to at least one of the plate.major surface and the plate mold surface, and 

wherein the groove surface intersects each respective plate first major surface and each 

respective plate mold surface; and thereafter c) reorienting the plates to have their 

respective major planes at a second angle relative to the reference for molding. 

In one preferred embodiment of the above method, upon performing step c), a 

10 plurality of mold cavities are provided, each of the mold cavities being open at the 

mold surface of the plates and being bounded at least by: i) a first cavity surface 

formed by the groove surface; and ii) a second cavity surface defined by the second 

major surface of a second one of the plurality of plates adjacent to the first major 

surface of the first plate. 

IS In another preferred embodiment of the above method, the groove surface 

further intersects the plate second major surface. 

In another preferred embodiment of the above method, the mold surfaces of the 

plurality of plates are coplanar upon performing step c). In another preferred 

embodiment, the mold surface of each of the plates is perpendicular to the respective 

20 first and second major surfaces of each plate. 

In another preferred embodiment of the above method, step b) comprises 

forming a groove including a planar first groove surface. a planar second groove 

surface, and a base joining the first and second groove surfaces, wherein the first 

groove surface intersects each respective plate first major surface and each respective 

25 plate mold surf4ce. wherein the second groove surface intersects each respective plate 

first major surface and each respective plate mold surface, and wherein the base is 

oblique relative to at least one of the major plane and the mold surface. In another 

embodiment, the first and second groove surfaces further intersect the plate second 

major surface. In another embodiment, the first and second groove surfaces intersect 

30 so as to form a linear groove base. 
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In another preferred embodiment of the above method, step b) comprises 

forming a plurality of grooves. This embodiment can Auther include the step of 

d) moving a first one of the plurality of plates relative to a second and a third plate 

each adjacent the first plate, such that a cavity in the first plate formed by a first of the 

s plurality of grooves is oftSet ftom cavities formed by the first groove in the second and 

third plates. 

In another preferred embodiment, the above method includes the further step 

of: d) subsequent to step b ), inserting a plurality of spacers into the mold such that a 

respective one of the plurality of spacers is adjacent a respective one of the plurality of 

10 plates, wherein each respective spacer overlays at lcmt that portion of the first major 

surface of each respective plate intersected by the first and second groove surfaces. 

Another preferred embodiment of the present invention presents a stacked 

laminate mold. The mold comprises a plurality of plates, each of the plates including: 

opposed parallel first and second major surfaces defining therebetween a major plane 

15 of each of the pJurality of plates; a mold surface connecting the first and second major 

surfaces; and a plurality of cavities in each of the plurality of pJates. Each of the 

cavities is open at least to the mold surface ~d includes a cavity surface defined by 

cylindric surface that is the construct of translating a two-dimensional cavity profile 

through the plate along a line that is oblique· to at least one of the plate major suri"ace 

20 and the plate minor surface, and the cavity surface intersects each respective plate first 

major surface and each respective plate mold surface. The first major surface of a :first 

one of the plurality of plates is adjacent the second major surface of a second one of 

the plurality of plates. 

In one preferred embodiment of the above mold, each of the mold cavities are 

25 open at the mold surface of the plates and are bounded at least by: i) a first cavity 

surface fonned by the cavity sur&ce; and ii) a second cavity surface defined by the 

second major surface of a second one of the plurality ofpJates adjacent to the first 

major surface of the :first plate. 

In another preferred embodiment of the above mold, the mold surfaces of each 

30 of the plurality of plates are coplanar. In another preferred embodiment of the mold, 
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the mold surfaces of each of the plates is perpendicular to the respective first and 

second major surfaces of each plate. 

In another preferred embodiment of the mold, the cavity surface includes a 

planar first cavity surface, a planar second cavity surface, and a base joining the first 
s and second cavity surfaces. The first cavity surface intersects each respective plate 

first major surface and each respective plate mold surface, the second cavity surface 

intersects each respective plate first major surface and each respective plate mold 

sur&.ce. and the base is oblique relative to at least one of the major plane and the mold 

surtace. In one preferred embodiment of this mold, the first and second cavity surfaces 

10 intersect so as to form a linear cavity base. In another preferred embodiment, the first · 

and second cavity surfaces further intersect the plate second major sur&ce. 

In another preferred embodiment of the above mold, the mold further 

comprises a plurality of spacers. A respective one of the plurality of spacers is 

adjacent a respective one of the plurality of plates and each respective spacer overlays 

IS at least that portion of the first major surface of each respective plate intersected by the· 

first and second cavity surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further explained with reference to the appended · 

20 Figu~ wherein like structure is referred to by like numerals throughout the several 

views, and wherein: 

Figure I is a side view of a plurality of plates according to the present 

invention, prior to forming a groove in the plates; 

Figure 2 is a top view of the plates of Figure 1; 

25 Figure 3 is a side view of the stacked laminate mold ofFigure 1, in which the 

plates have been oriented at a first orientation and have had a groove formed therein; 

Figure 4 is a top view of the stacked laminate mold ofFigure 3; 

Figure S is a plan view taken along line S-S of Figure 4 of a single plate of the 

stacked laminate mold with a single groove formed therein; 

JO Figure 6 js an isometric view of a the plate of Figure 5; 



------------------------------- --·---- ---·--·--------

W097/27035 PCT/US96/01250 

-7-

Figure 7 is an isometric view of two adjacent plates of the mold ofFigure 3, 

oriented at a second angle; 

Figure 8 is a view like Figure 6 illustrating a second embodiment of the present 

invention; 

s Figure 9 js a view like Figure 7 of the second embodiment; 

Figure IO is a top view of the stacked laminate mold ofFigure 3, with the 

plates oriented at a second angle and with a plurality of grooves formed therein, with 

the plates aligned along a first end thereof, 

Figure 11 is a view like Figure 10, with the plates aligned along a second end 

IO thereof; 

Figure 12 is a side elevational view of a single point milling machine cutter 

useful in making.the stacked laminate mold ofFigure 3; 

Figure 13 is a front elevational view of the cutter of Figure 12; 

Figure 14 is a bottom end view of the milling machine cutter ofFigure 12; 

15 Figure 15 is an isometric view of a frame holding a plurality of plates of Figure 

3;and 

Figure 16 is a view like Figure S showing alternate embodiments of grooves 

according to the present invention. 

20 DETAILED DESCRIPTION OF nm INVENTION 

A first embodiment of the stacked laminate mold according to the present 

invention will now be descnl>ed along with a preferred method of making such a mold. 

Figure 1 is a side view ofa plurality of plates 12 according to the present inventio~ 

prior to forming a groove in the plates to make the stacked laminate mold 10. Each 
2S plate 12 includes a first major surface 14 and a second major sur&ce 16. A plurality of 

the plates 12 are stacked adjacent to one another such that the first major surface 14 of 

one plate 12 is adjacent the second major surface 16 of an adjacent plate 12. Each 
plate 12 also includes a mold surtace 18. As seen in Figure 2, which is a top view of 

the stacked plates of Figure 1, each plate 12 also includes a first edge 20 and second 

30 edge 22 at the intersection of mold surtace 18 with first major surface 14 and second 

major surface 16, respectively. Each plate 12 also includes a first end 24 and a second 



W097/27035 PCT/US'6/01250 

-8-

end 26. In one preferred embodiment, each plate 12 is a regular rectangular solid with 

first and second major surfaces 14 and 16 bCing parallel to one another and of the ~e 

size, with first end 24 and second end 26 being parallel to one another and of the same 

size, and with mold surface 18 joining the top edges of first and second major surfaces 

s 14 and 16 and first and second ends 24 and 26 at a right angle. Each of the plates 12 

may be of identical size and configuration or, in the preferred mode as illustrated, 

alternating plates may be of different length such that there is a first group of plates 

each having a shorter first length and a second group of plates each having a longer 

second length with the plates 12 arranged so as to alternate the long and short plates. 

10 Each of the plates 12 includes a major plane 28 which is parallel to and between the 

first and second major surfaces 14 and 16. Each plate 12 further includes a minor 

plane 30 defined by the plane of the mold surface 18. As seen in Figure I, the mold 

surfaces 18 of the stack of plates 12 should be carefully formed so as to present a 

continuous, uninterrupted surface made up of each of the individual mold surfaces 18. 

15 Formation of the cavities in the stacked laminate mold proceeds as follows 

according to a first preferred embodiment. The plates 12 are provided in a suitable 

ftame 80 (see Figure 15).to secure all of the plates together such that the major plane 

28 of each plate is at an incline angle a relative to a reference plane R as illustrated in 

Figure 3. Frame 80 includes base 82 to which are affixed incline blocks 84 and 86 

20 form orienting plates 12 at angle a.. Frame 80 also includes crossbars 88 form securing 

the plates 12 in place. Holes 90 are provided in base 82 to aid in securing the frame 10 . 

while fonning grooves in the plates 12. Angle a is some angle different from angle P 
at which the plates provide a continuous mold surtace comprising each of the 

individual mold surfaces 18. As seen in Figure 4, the plates 12 have been held in place 

2S such that each of the first ends 24 are coplanar. With the plates held at angle a, 

groove 40 is then formed through the mold surface 18 and first major surface 14 of 

each plate 12. In one preferred embodiment, groove 14 extends parallel to plane R so 

as to fonn individual groove segments of equal dept~ in each of the plates 12. It is 

also within the scope of the present invention to form the groove 40 non-parallel to 

30 plane R such that the groove depth varies from plate to plate. 
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In one preferred embodiment illustrated in Figures 4 and 5, groove 40 is a V­

shaped groove comprising first and second planar surfaces 42 and 44 meeting at base 

46, which in this embodiment is a line at 46. Figures 12-14 illustrate a preferred 

embodiment of a single point milling machine cutter useful in cutting V-shaped groove 

s 40. The single point milling machine cutter 70 includes a cylindrical shaft 72 suitable 

for mounting in known milling machines. At one end of the shaft 72 is a working end 

73 for cutting the groove 40. Working end 73 includes a straight cutting edge 74 

formed at the intersection of a tapered surface 78 with a recessed surface 76 as seen in 

Figures 12 and 13. The milling machine cutter 70 is rotated in direction B as it is 

10 traversed relative to the plurality of plates 12 for forming the groove 40. Angle (a) is 

the included angle between the cutting edge 74 and the longitudinal axis of the cutter 

70. Angle (a) will define the included angle of the V-shaped groove 40, that is the 

included angle of the groove 40 will be twice angle (a). Both the tapered surface 78 

and the edge of the tool opposite the cutting edge 74 can preferably include a back 

15 taper or clearance taper as is known in the art .. Other tools can also be used in cutting 

groove 40, including. for example, square end or round end milling machine cutters, a 

suitably tapered cutting or grinding wheel, or the like. In one preferred embodiment, 

the tool is translated relative to the plates along a line that lies in a plane that is 

perpendicular to the plate major plane .28 as illustrated in Figures 4-11. The tool may 

20 instead be translated along a line that lies in a plane oblique to the plate major plane 28. 

To further illustrate the configuration of the cavities formed in the stacked 

laminate mold l 0 by forming a V-shaped groove 40, a single plate 12 is illustrated in 

Figure 6. It is seen that groove surfaces 42 and 44 meet at linear groove base 46. In 

the illustrated embodiment, first groove surface 42 intersects the plate first major 

25 surface 14 at first rear edge 48 and intersects mold surface 18 at first top edge 52. 

Similarly, second groove surface 44 intersects the plate mold surface I 8 at second top 

edge 54 and intersects the first major sur&ce 14 at second rear edge SO. Groove base 

46 extends from first major surface 14 to mold surface 18. Groove surfaces 42 and 44 

may extend to second edge 22 of the mold surface 18 as illustrated, or may tenninate 

30 some distance away from second edge 22. 
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The term "groove surface" is generally used when discussing the configuration 

of the groove formed in the plurality of plates 12, and the term "cavity surface• is 

generally used to describe those groove surfaces when the plates 12 are configured to 

form a mold. However, the terms "groove surtace" and "cavity surface" are 

s interchangeable throughout. 

Figure 7 illustrates two adjacent plates 12 returned to incline angle f3 which 

positions the plurality of pJates into a molding position. Incline angle P is that 

orientation at which the mold surfaces 18 of each of the plates 12 form a continuous, 

coplanar mold surface of the stacked laminate mold 10. It is seen that pyramidal 

10 cavities are formed by the V-shaped grooves, each individual cavity being bounded by 

first cavity surface 42 and second cavity surface 44 of one of the plates 12, and by a 

third cavity surface formed by a portion of the seeond major surface 16 of an adjacent 

plate 12. Such a cavity is used to mold a triangular-based pyramidal protrusion. For 

clarity, only two plates 12 are illustrated in Figure.7; however, it is understood that any 

IS _number of plates 12 may be combined together to form the grooves in the plates at 

first incline angle a. and to form the mold 1 O at the second incline angle Ji. 
· In one preferred embodiment, a plurality of parallel grooves 40 are formed 

through each of the plates 12 while they are oriented in their groove-forming 

orientation at angle u. Upon returning the plates to their second, mold-forming· 

20 orientation at angle~' this will result in a plurality of triangular-based cavities as 

illustrated in Figure 10. It is also within the scope of the present invention to form a 

plurality of grooves not parallel to one another. In one preferred embodiment, angle JJ 
js 90° relative to reference plane R. and angle a is 45° reladve to plane R. It is also 

within the scope of the present invention for the mold forming orientation at angle ~ to 

2.s be less than or greater than 90°. Preferably~ mold surfaces 18 of each plate are fonned 

to be continuous and coplanar when the plates 12 are at angle ft Such an arrangement 

will allow the final molded article to have a generally planar base with the protrusions 

extending from the planar base. However, for certain applications it may be desirable 

that the final molded article have a grooved base with protrusions extending therefrom. 

JO In such an arrangement, the individual mold surfaces 18 need not be continuous and 
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coplanar when the plates are at mold forming angle p. As to groove forming 

orientation angle a, it can be greater than or less than angle f3. In other words, the 

plates may be tilted in either direction from angle P during formation of the groove. It 

is also within the scope of the present invention to fonn one or more grooves with the 

s plates held at a first angle a. and then form one or more grooves with the plates held at 

a second angle a so as to form different configurations of the cavities within a single 

stacked laminate mold I 0. 

An alternate embodiment of the V-shaped groove 40 is illustrated in Figures 8 

and 9. Figure 8 illustrates a single plate; however, it is understood that this groove can 

10 be advantageously formed by cutting through a plurality of plates 12 as explained with 

respect to Figures 3 and 4. In the embodiment illustrated in Figure 8, the first and 

second groove surfaces are cut deep enough into the plate 12 such that first groove or 

cavity surface 42 intersects the plate mold surface 18 at first top edge 52. first major 

surfilce 14 at first rear edge 48, and second major surface 16 at first forward edge 56. 

15 Similarly, second groove surface 44 intersects the plate mold surface 18 at second t<>p 

edge 54, first major surface 14 at second rear edge SO, and second major surtace 16 at 

second forward edge 58. With such a groove,- the groove base 46 extends from the 

first major surface 1_4 to the second major surface 16. Preferably, groove base 46 is 

oblique to the mold surface 18; however, it is also within the scope of the present 

20 invention for the groove base 46 to be parallel to mold surface 18. 

An individual cavity formed by the groove of Figure 8 is illustrated with respect 

to Figure 9. For illustrative purp0SC'7 Figure 9 illustrates plate 12 having grOove 40 

formed therein. with plate 12 being between two optional spacer plates 12' not having 

a groove formed therein. It is understood that adjacent plates 12 may each have 

25 cavities formed therein if spacer plates 12' are not used. It is seen that the cavity of the 

second embodiment is bounded by the first cavity surface 42, second cavity surface 44, 

a third cavity surface formed by a portion of the second major surface 16 of the plate 

immediately behind plate 12, and a fourth cavity surface formed by a portion of the 

first major surface 14 ofthe plate immediately in front of plate 12. Such a cavity is 

30 used to mold a protrusion having a four-sided base. 
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As seen in Figure 10, each of the plates 12 can be oriented such that first ends 

24 are coplanar during the groove-fonning process at angle a. and upon returning the 

plates to their mold-forming orientation at angle p. Accordingly, rows of cavities in 

adjacent plates 12 are in line relative to one another in direction A. This can be seen 
s by noting that the groove base line 46 of a cavity in one plate is aligned with the 

groove base 46 of the cavities immediately behind and in front each respective cavity. 

In one preferred embodiment, adjacent grooves 40 are funned such that the widest 

portion of the cavity at the intersection of the cavity with first surface 14 is touching or 

nearly touching the widest portion of the cavity adjacent to that on the same plate 12. 
10 ltis also within the scope of the invention that adjacent cavities within a single plate 12 

may be spaced as far apart from one another as desired. 

Figure 11 illustrates a convenient and simple means for staggering the cavities 

. in adjacent plates 12 so that the cavities in adjacent plates are not in line in direction A. 

In Figure 11, the plates have been oriented such that each of the first ends 24 are 
15 coplanar during machining as described above and then reoriented such that each of 

the second ends 26 are coplanar when the plates are held in their mold-fonning 

orientation at incline p. In one preferred embodiment, the difference in length between 

the longer plates and the shorter plates is equal to one half the pitch of adjacent 

grooves 40. .lJpon aligning the plates at second end 26, the cavities in one plate will be 
20 between cavities in an adjacent plate 12 as illustrated in Figure 11. By varying the 

lengths of the plates and aligning first ends 24 during groove forming and the second 
ends 26 during mold fonnation, it is possible to arrange grooves in adjacent plates in 

any desired pattern. In addition to having the length difference being one half the pitch 

of adjacent grooves, it is also possible to use any other difference in length. 
25 Furthermore, it is possible to progressively increase the length of two, three, four, or 

any number of adjacent plates so as to stagger the array of cavities in groups of two, 
three, four, or more plates. 

In another preferred embodiment, the cavities 40 may be formed in a single 

plate at a time, rather than by cutting a groove through a plurality of plates as 
JO described above. In this alternate embodiment, it is possible to form a plurality of 
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cavities 40 in at least the mold surface 18 and first major surface 14 in one plate at a 

time, by any of a variety of means. Such cavities can be formed with a single point 

milling machine cutter 70 described abov~ or with any suitable grinding or cutting 

wheel, for example. It is also possjbJe to stamp individual plates 12 with the desired 

s cavity arrangements, or to mold individual plates having the individual cavities. It is 

also possible to etch or engrave each of the cavities 40 in plate 12 as is well known in 

the art. After forming a desired number of plates 12 by such a method, the plurality of 

plates could be assembled so as to fonn the stacked laminate mold 10 as described 

above. 

IO In another preferred embodiment, spacer plates 121 are inserted between plates 

12. Spacer plates 12' do not have any cavities, and serve to enclose the cavities as 

described above with respect to the staggered plates 12, and to separate rows of 

cavities 40 by any desired thickness of the spacer plate 12. It is also within the scope 

of the present invention to take plates with different groove geometries formed ·by any 

15 of the methods descnbed herein and assembling these in any desired pattern to provide 

a stacked laminate mold 10 having varying cavity geometries. Such an arrangement 

can include discrete cavities of different configuration, or can be arranged such that 

cavities in adjacent plates combine to fonn a composite cavity. Composite cavities can 

be used to fonn composite protrusions that are a combination of either like or 

20 dissimilar individual protrusions. 

In stiH another preferred embodiment,. plates 12 are circular, rather than 

rectangular. In this embodiment, grooves 40 are fonned in plates 12 one plate at a 

time by any of the means described herein. A circular stacked laminate mold may be 

advantageously used in continuously processing a web fonn of a molded article rather 

15 than the batch processing used with the rectangular plates described above. 

Other groove shapes are within the scope of the present invention. Figure 16 

illustrates some of the many groove variations that fall within the scope of the present 

invention. For example, either or both of surfaces 42 and 44 could be curvilinear or 

arcuate as opposed to planar, or can comprise any desired number of discrete and 

30 adjacent planar and curvilinear portions. Furthermore, rather than a V-shaped groove 

meeting at a line at base 46 as illustrated in Figures 5-11, groove base 46 could itself 
' 
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be a surface. For example, groove 40a includes a planar groove base 46 and groove 

40b includes a curvilinear groove base 46 joining the first and second groove surfaces 

42 and 44. It is also possible that groove surfaces 42 and 44 could together fonn a 

continuous sur&ce as seen in groove 40c. As seen with respect to groove 40d, the 

s groove can comprise parallel and planar first and second surfaces 42 and 44 and an 

arcuate groove base 46 between the first and second surfaces. As seen in groove 40e, 

the groove can comprise generaUy V-shaped first and second surfaces 42 and 44, 

joined by an arcuate groove base 46 which intersects the first and second surfaces at a 

discontinuity rather than smoothly. It is also possible for the groove to include any 
10 desired number of surfaces as illustrated with respect to groove 40f. For example, 

groove 40f includes a plurality of planar first surfaces 42a, 42b, 42c, and 42d and a 

planar second surface 44 joined by an arcuate surface 46. It is to be understood from 

the foregoing non-limiting examples that the profile of the groove 40 can be any 

desired shape. For grooves having a plane of symmetry at groove base 46, the grooves 
IS can be conveniently cut with a single point rniDing machine cutter 70 having a cutting 

edge 74 configured to produce the desired groove contour. Such grooves can be 

conveniently made either with the process described herein with respect to Figures 1-4 
, or by forming the plates one at a time by any other method described herein. 

As illustrated in Figure 16, groove 40 can be formed with a plate 12 oriented at 

20 angle a such that the groove base 46 is oblique to the plate mold surface 18. It is 

understood, of course, that the groove 40 can also be parallel to plate mold surface 18 

if the grooves are cut whiJe the plates are held at angle p. When the groove base 46 is 

parallel to the mold surface 18, the cavity fonned is a portion of a cylindric surface. 

As the term "cylindric surface" is used herein, it refers to the surface generated by 

2S taking a two-dimensional region as illustrated by the groove contours 40 in Figures S 

and 16 and translating this region along ~ straight line through space. In one preferred 

embodiment, the line of translation lies in a plane perpendicular to plate major plane 

28. It is also within the scope of the present invention for the line of translation to lie 

in a plane oblique to plate major plane 28. The cavity thus fanned is analogous to a 
30 cylindric solid with the groove surfaces being that portion of the cylindric surface 
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included within the plate 12. The terms "cylindric surface" and 0cylindric solid" are 

used herein with respect to surfaces and regions bounded either by planar surfaces or 

curvilinear surfaces. Orienting the plates at angle u different from angle jl is a 

convenient means for forming cylindric surfaces which are the construct of moving the 

s region in a direction oblique to mold surface 18. Orienting plates 12 at angle a. equal 

to angle p is a convenient means for translating the cylindric surface in a direction 

parallel to mold surface 18. It is also possible to fonn cavities which are a portion of a 

torus by revolving a two-dimensional region as illustrated by the groove contour in 

Figures 5 and 16 about an axis which is eccentric to the region. 

10 One embodiment of a stacked laminate mold can be made as foDows. Eighty 

acrylic plates 12 are provided, each being 3 .175 mm (0.125 in) thick, approximately 

20.3 cm (8.0 in) lon& and approximately 2.0 inches high. The plates then have 

0.5 inch holes drilled through the major surfaces to aUow the plates to be tixtured at 

orientation angle p of 90° relative to reference plane R. The bottom surface and mold 

lS surface 18 of each of the plates 12 in the assembled stack are then machined so as to 

provide continuous, coplanar surfaces. The bottom surfaces of the plates are marked 

for reference, and the stack is disassembled. Forty of the plates 12 are then 

reassembled in a stac~ and are machined to 20.3 cm {8.0 in) in length. The remaining 

forty plates 12 are reassembled and machined to 20.19 cm (7 .950 in) in length. The 

20 eighty plates 12 are then reassembled with alternating long and short plates, with the 

first ends 24 of each plate 12 coplanar, and with the plates held at orientation angle a 

of 45° relative to reference plane R A plurality of parallel V-shaped grooves 40 are 

then machined into the mold surface 18 of the plurality of plates with a single point 

milling machine cutter 70 as described above. The groove 40 has an included angle at 

25 the intersection 46 of groove surface 42 and 44 of 68.6°, with the grooves at 

approximately 2.54 mm (0.100 in) intervals across a 12.7 cm (5.0 in) width of the 

plates 12. The cavities fonned when the pates are returned to orientation angle p are 

configured for forming triangular-based pyramid protrusions, have a maximum depth 

at the intersection of base 46 with first major surface 14 of approximately 2.5 mm 

30 (0.100 in), a width measured at first edge 20 of the mold surface JS of approximately 
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2.3 mm (0.090 in), and extend to within approximately O.S mm (0.02 in) of the second 

edge 22 of mold surface 18. The plates 12 are then aligned so as to be coplanar at 

second end 26 to stagger the cavities in adjacent plates by an amount approximately 

equal to one-half the distance between adjacent cavities. In one preferred embodiment, 

s the cavities have a depth of from 0.6 to 6.0 mm (0.024 to 0.24 in), a length of from 0.6 

to 6.0 mm (0.024 to 0.24 in), and a maximum width of ftom 0.6 to 6.0 mm (0.024 to 

0.24 in), although larger. and smaller cavities are also within the scope of the invention. 

With V-shaped grooves, the groove surtaces preferably have an included angle of from 

20 to 160°. 

10 The plates 12 of the stacked laminate mold 10 may be constructed of a 

conductive material such as nickel or brass, or aJtematively, by a non-conductive 

material having a conductive outer coating or layer. Non-conductive plates, such as 

acrylic plates 12, may be provided with a conductive coating on at least the mold 

surtace 18 and cavity surfices to allow electrodeposition on the stacked laminate mold. 

15 as follows. Such a coating may be applied by any suitable known method, such as 

vapor coating. One particular method of applying a silver coating is described as 

follows. 

The surfaces to be coated are first cleaned. Next, the surface is sensitized by 

spraying with a suitable sensitizer? such as an acidified stannous chloride solution, for 

20 approximately one minute. One such solution can be prepared by combining 40 grams 

of stannous chloride, 10 milliliters of con-hydrochloric acid, and I gallon of distilled 

water. The mold 10 is then rinsed with distilled water. A silver solution and reducer 

solution are then applied sinwltaneously with a dual nozzle spray gun. A suitable 

reducer can be made by combining 26 grams of dextrose, 2.5 milliliters of 

2s fonnaldehyde, and I gallon of distilled water. A suitable silver solution can be made 

by adding to I gallon of distilled water, in order: 10 grams potassium hydroxide; SO 

milliliters ammonium hydroxide; and 22.S grams of silver nitrate. The mold is then 

rinsed with distilled water is and ready for eJectrodeposition. 

As discussed above, the stacked laminate mold may be used to mold an 

30 intennediate mold. The intermediate mold formed with stacked laminate mold lo can 
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be any desired material. In one preferred embodiment, a nickel mold is fonned from 

stacked laminate mold I 0 by an electrodeposition process. For the purposes of this 

invention, the term "electrodeposition11 includes both "electrolytic" and "electroless" 

plating, which differ primarily in the source of the electrons used for reduction. In the 

s preferred electrolytic embodiments, the electrons are supplied by an external source, 

such as a direct current power supply, whereas in the electroless plating process the 

electrons are internally provided by a chemical reducing agent in the plating solution. 

If the stacked laminate mold 10 comprises metal plates 12, the pi eferably at 

least the mold surfaces 18 and the cavity surfaces of the stacked Jamµlate mold 10 are 

10 passivated, such as by contacting the surfaces with a 2% solution of potassium 

dichromate in distilled water at room temperature. The mold 10 is then rinsed with 

distilled water. Passivation of the surfaces to be electroplated is desirable in that it 

provides a thin oxide coating which facilitates removal of an electroformed article from 
. '· .· 

a metal mold 10. Passivation may not be necessary in the case where the mold 1 O 

15 comprises non-conductive plates 12 and is provided with a conductive coating as 

previously discussed. ln this case the conductive layer is transferred from the mold 10 

to the electroformed article as hereinafter produced to facilitate removal of the 

electroplated article from the mold 10. 

The mold 10 can then be immersed in a plating bath for a desired period of time 

20 for the electrodeposition of a material on the surface of the mold. Any appropriate 

eletrodepositabJe material may be used, such as nickel. copper, or alloys thereof. 

In one embodiment of this invention, the plating bath consists of a solution of 

nickel sulfamate (16 oz. ofN"l/gal.); nickel bromide (O.S oz./gal.); and boric acid (4.0 

oz./gal.) in distilled water with a specific gravity of 1.375-1.40. Anodes are provided 

25 in the form ofS-nickel pellets. The pellets are ~ersed in the plating bath and carried 

in titanium baskets enclosed in polypropylene fabric anode basket bags. The 

temperature of the plating bath is maintained at 120°F and a pH of 3.8-4.0. Normally 

during operations, the pH of the plating bath rises. Therefore. the pH is periodically 

adjusted by the addition of sulfamic acid. Evaporation loses are compensated for by 

30 the addition of distilled water to maintain the desired specific gravity. The plating bath 

is continuously filtered, such as through a S micron filter. The filtered output of the 
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pump is preferably directed at the mold 10 to provide fresh nickel ions. This also 

provides a desired agitation to the electrodeposition solution. Electrodeposition 

should continue until the plated structure has enough thickness and strength to 

fi1cilitate removal from the stacked laminate mold. In one preferred embodiment, the 

s nickel article is approximately 2.S mm (0.1 in) thick. 

The deposition of the nickel on the mold 10 is a function of the D.C. current 

applied, with 0.001 inch/hour of nickel deposited on a flat surface at average current 

density rate of 20 amperes per square foot (ASF). However, the electrodeposited 

material may have a tendency to accumulate at a faster rate in electrolytic deposition 

10 adjacent sharp changes in the geometry of the mold 10, such as at the base 46 of the 

cavities. 

After the nickel inverse of the stacked laminate mold is fonned, it is possible to 

modify the shapes of the protrusions extending fi'om the base of the nickel positive. 

For instance, the tops of all of the protrusions can be machined off parallel to the plane · 

IS of the base to create a frustum of whatever the original protrusion geometry was. For 

instance, where the protrusions in the nickel positive are pyramids, it is possible to 

make ftusto-pyramids by machining off all of the vertices of the pyramidal protrusions. 

It is also possible to truncate the protrusions at some angle non-paraDel to the base of 

the nickel positive. These truncated protrusions or fiusto-protrusions may be made in 

20 the final molded article itself, or may be made in this intermediate nickel positive. 

When the nickel positive is so modified, a subsequent negative mold made from the 

nickel positive will then have cavities that are the inverse of the protrusions on the 

modified nickel positive, and will thus differ fi'om the cavities in the initial stacked 

laminate mold I 0. 

25 After the nickel positive is provided as desaibed above, a negative mold can be 

molded from the nickel positive. An illustrative and non-limiting list of suitable 

materials for the negative mold include silicone, plastisol, and polypropylene. It is a1so 

possible to form a second elctrodeposited article fonn. the first one. In this case, it is 

preferable to passivate the first article such as with a chromate passivation, to facilitate 

30 removal of the second plated article from the first. 
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An embodiment of a silicone mold can be formed as follows. The nickel 

positive is preferably heat treated in an air atmosphere at 400°F for 4 hours. Then, a 

dam is formed around the periphery of the nickel positive described above, such that 

the uncured mold material can be held adjacent the surface of the nickel positive having 

s protrusions molded by the cavities in the stacked laminate mold. 

The silicone negative is then molded as follows. First, Sylgard 184 silicone 

elastomer available ftom Dow Coming Company, Midland, Michigan, is mixed with 

SyJgard curing agent in a 10:1 ratio. Next, this mixture is stirred vigorously for 1 

minute and the bottom and sides of the mixing beaker are scraped. This mixture is 

10 then poured onto the surface of the nickel positive and contained by the dam. The 

nickel positive with the silicone mixture thereon is placed in a vacuum chamber at 25 

inches of mercury for 15 minutes. The nickel positive with the silicone thereon is 

removed from the vacuum chamber and placed for 30 minutes in an oven heated to 

400°F. The nickel positive with the silicone mixture thereon is removed :from the oven 

15 ·and cooled by running cold water over it and then dried with pressurized air. The 

cured silicone negative is then removed from the nickel positive. 

An example of a p,oJypropylene negative mold can be fonned :from a nickel 

positive as follows. The nickel master is placed on a 3.2 mm (0.125 in) thick 

aluminum carrier plate of suitable size. A polypropylene extruded film or pellets are 

20 then placed onto the surface of the nickel tool. A brass plate which has been chrome­

plated and polished and having a thickness of0.8 mm (0.031 in) is then placed on the 

polypropylene material. A second aluminum carrier plate which is 3.2 mm (0.125 in) 

thick is then placed on the brass plate. This stacked assembly is then placed between 

the platens of a compression molding press that has bCen preheated to 350°F. One 

25 suitable press is a Wabash Hydraulic Molding Press Model V75H-24-CLX. 75-ton 

compression capacity molding machin~ available from Wabash, MPI, ofWabash, 

Indiana. After approximately five minutes, a force of 150 psi is applied to the stacked 

assembly and held for a period of five minutes. A force of SOO psi is then applied for 

seven minutes to the stacked assembly. The heated stacked assembly is then cooled to 

30 180°F while maintained under the pressure of 500 psi. The pressure is then removed 
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from the stacked assembly and the stacked assembly is removed from the press. The 

top carrier plate and brass plate are then removed from the stacked assembly, and the 

molded polypropylene material is then removed from the nickel positive. 

It is possible to use the molds described herein to mold an article having 

s different regions or groups. Each region can contain a group of like cavities or 

protrusions, with the cavities or protrusions-differing from region to region. Such 

differences can be in cavity or protrusion size, configuration, and/or orientation. It is 

pOSSl"ble to combine portions of different intermediate molds such as the nickel mold or 

silicone molds described herein to mold such articles. It is also possible to combine 

10 portions of different final molded articles to achieve molded articles with the above­

described regions or groups. 

The present invention has now been described with reference to several 

embodiments thereof. The foregoing detailed description and examples have been 

given for clarity of understanding only. No unnecessary limitations are to be 

15 undeQtood therefrom. It will be apparent to those skilled in the art that many changes 

can be made in the embodiments described without departing ftom the scope of the 

invention. Thus, the scope of the present invention should not be limited to the exact 

details and structures described herein, but rather by the structures described by the 

language of the claims, and the equivalents of those structures. 

20 
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WHAT IS CLAIMED IS: 

1. A method of forming a stacked laminate mold comprising the steps of: 

a) orienting a plurality of plates to have their respective major planes at a first 

s angle relative to a fixed reference plane and parallel to one another,~ of the plates 

including opposed parallel first and second major surfaces defining therebetween the 

major plane of each of the plurality of plates, each of the plates further including a 

mold surface connecting the first and second major surfaces; 

. b) forming a groove in the plurality of plates, the groove including a groove 

10 surface defined by cylindric surface that is the construct of transJating a two­

dimensional groove profile through the plate along a line that is oblique to at least one 

of the plate major surface and the plate mold surface, and wherein the groove surface 

intersects each respective plate first major surface and each respective plate mold 

surface; and thereafter 

15 c) reorienting the plates to have their respective major planes at a second angle 

relative to the reference for molding. 

2. The n:iethod of claim 1, wherein the mold surfaces of the plurality of 

plates are coplanar upon peifonning step c). 

20 

3. The method of claim 1, wherein the mold surface of each of the plates is 

perpendicular to the respective first and second major surfaces of each plate. 

4. The method of claim 1, wherein step b) comprises forming a groove 

25 including a planar first groove surface, a planar second groove surface, and a base 

joining the first and second groove surfaces, wherein the first groove surface intersects 

each respective plate first major sur&ce and each respective plate mold surface, 

wherein the second groove surface intersects each respective plate first major surface 

and each respective plate mold surface, and wherein the base is oblique relative to at 

30 1east one of the major p1ane and the mold surface. 
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S. The method of claim 4, wherein the first and second groove surfaces 

intersect so as to fonn a linear groove base. 

6. The method of claim 4, wherein the first and second groove surfaces 

s further intersect the plate second major surface. 

10 

7. The method of claim l, wherein step b) comprises inducing relative 

motion between the plurality of plates and a cutting tool. 

8. The method of claim l, wherein the groove surface is defined by a 

cylindric surface that is the construct of translating the two-dimensional groove profile 

through the plate along a line that is oblique to the major plane of the plate. 

9. The method of claim 1, wherein the groove surface is defined by a 

IS cylindric surface that is the construct oftnmslating the two-dimensional groove profile 

through the plate along a line that is oblique to the plate mold surface. 

10. The method of claim 1, wherein the groove surface is defined by a 

cylindric surface that is the construct of translating the two-dimensional groove profile 

20 through the plate along a tine that is oblique to plate mold surface of the plate and the 

major plane of the plate. 

2S 

11: The method of claim 1, wherein step b) comprises forming a plurality of 

grooves. 

12. The method of claim 11, .comprising the further step of 

d) moving a first one of the plurality of plates relative to a second and a third_ 

plate each adjacent the first plate, such that a cavity in the first pJate fonned by a first 

of the plurality of grooves is offset from cavities formed by the first groove in the 

30 second and third plates. 
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13. The method of claim 12, wherein: 

each of the pJates further comprises opposed first and second ends joining the 

first and second major surtaces; and 

the plurality of plates comprises a first plurality of plates having a first length 

s measured from the first end to the second end, and a second pluralhy of plates having a 

second length measured from the first end to the second end, the second length being 

greater than the first length; 

the method comprising the further steps of: 

a') prior to step b ), aligning the first and second pluralities of plates such that 

10 each of the plate first ends is coplanar; and 

b') subsequent to step b), aligning the first and second pluralities of plates such 

that each of the plate second ends is coplanar. 

14. The method of claim 13, wherein the plurality of grooves are paralleJ to 

IS one another and have a groove spacing between adjacent grooves, and wherein the 

second plate length is greater than the first plate length by an amount less than the 

groove spacing. 

IS. The method of claim 14, wherein the second plate length is greater than 

20 the first plate length by an amount approximately equal to half of the groove spacing. 

16. The method of claim 1, whereupon perfonning step c), a plurality of 

mold cavities are provided, each of the mold cavities being open at the mold surface of 

the plates and being bounded at least by: 

25 i) a first cavity surface formed by the groove surface; and 

ii) a second cavity surface defined by the second major surfilce of a second 

one of the plurality of plates adjacent to the first major surtace of the first plate. 
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17. The method of claim 4, whereupon performing step c). a plurality of 

-mold cavities are provided, each of the mold cavities being open at the mold surface of 

the plates and being bounded at least by: 

i) a first cavity surface defined by the first groove surface in a first one of 

s the plurality of plates; 

ii) a second cavity surface defined by the second groove surface in the first 

plate; 

iii) a cavity base defined by the groove base in the first plate; and 

iv) a third cavity surface defined by the second major surtace of a second 

10 one of the plurality of plates adjacent to the first major surtace of the first plate. 

18. The method of claim 17, wherein the first cavity surface intersects the 

second cavity surface at a line such that the cavity base comprises a line. 

lS 19. The method of claim 17, wherein the first and second cavity surfaces 

have an included angle of from 20° to 1600. 

20. The method of claim t 7, wherein the depth of the cavity measured from 

the moJd surface to the cavity base along the first major surface of the first plate is 

20 from 0.6 mm to 6.0 mm. 

21. The method of claim 17, wherein the length of the cavity measured 

along the mold surface of the plate from the first major surface of the first plate to the 

point of intersection of the first cavity surface, second cavity surface, and mold surface 

25 is from 0.6 mm to 12.0 mm. 

22. The method of claim 17, wherein the first plate mold surface and the 

third cavity surface have an included angle of90°. 
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23. The method of claim I, wherein the groove surface further intersects 

the plate second major surface. 

24. The method of claim 23, whereupon perfonning step c), a plurality of 

s mold cavities are provided, each of the mold cavities being open at the mold surface of 

the plates and being bounded at least by: 

i) a first cavity surface fonned by the groove surface; 

ii) a second cavity surface defined by the second major surface of a second 

one of the plurality of plates adjacent to the first major surface of the first plate; and 

10 iii) a third cavity surface defined by the first major surface of a third one of 

the plurality of plates adjacent to the second major surface of the first plate. 

25. The method of claim 6. whereupon performing step c ), a plurality of 

mold cavities are provided, each of the mold cavities being open at the mold surface of 

IS the plat~ and being bounded at least by: 

20 

25 

i) a first cavity surface defined by the first groove surface in a first one of 

the plurality of plates; 

ii) a second cavity surface defined by the second groove surface in the first 

plate; 

iii) a cavity base defined by the groove base in the first plate; 

iv) a third cavity surface defined by the second major surface of a second 

one of the plurality of plates adjacent to the first major surface of the first plate; and 

v) a fourth cavity surface defined by the first major surface of a third one 

of the plurality of plates adjacent the second major surface of the first plate. 

26. The method of claim 25, wherein the first plate mold surface and the 

third cavity surface have an included angle of 90° and wherein the first plate mold 

surface and the fourth cavity surface have an included angle of 90°. 

1ifiii1iiU 
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27. The method of claim 1, including the further step of: 

d) subsequent to step b ), inserting a plurality of spacers into the mold such that 

a respective one of the plurality of spacers is adjacent a respective one of the plurality 

of plates, wherein each respective spacer overlays at least that portion of the first 

s major surface of each respective plate intersected by the first and second groove 

surfaces. 

10 

28. A stacked laminate mot~ comprising: 

a plurality of plates, each of said plates including: 

opposed parallel first and second major surfaces defining therebetween 

a major plane of each of said plurality of plates; 

a mold surface connecting said first and second major surfaces; and 

a plurality of cavities in each of the plurality of plates, wherein each of 

the cavities is open at least to said mold surface and includes a cavity surface 

lS defined by cylindric surface that is the construct of translating a two-

dimensional cavity profile through said plate along a line that is oblique to at 

least one of said plate major surface and said plate minor surface, and wherein 

said cavity surface intersects each respective plate first major surface and each 

respective plate mold surface; 

20 wherein said first major surface of a first one of the plurality of plates is 

adjacent said second major surface of a second one of said plurality of plates. 

29. The mold of claim 28, wherein said mold surfaces of each of said 

plurality of plates are coplanar. 

15 

30. The mold of claim 28, wherein said mold surfaces of each of said plates 

is perpendicular to said respective first and second major surfaces of each plate. 
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31. The mold of claim 28, wherein said cavity surface includes a planar first 

cavity surface, a planar second cavity surface, and a base joining said first and second 

cavity surfaces, wherein said first cavity surface intersects each respective plate first 

major surface and each respective plate mold surface, wherein said second cavity 

s surface intersects each respective plate first major surface and each respective plate 

mold surfitce, and wherein said base is oblique relative to at least one of said major 

plane and said mold surface. 

32. The mold of claim 31, wherein said first and second cavity surfaces 

10 intersect so as to fonn a linear cavity base. 

33. The mold of claim 31, wherein said first and second cavity surfaces 

further intersect said plate second major surfilce. 

15 34. The mold of claim 28, wherein said cavity surface is defined by a 

cylindric surface that is the construct of translating said two-dimensional cavity profile 

through said plate along a line that is oblique to said major plane of said plate. 

35. The mold of claim 28, wherein said cavity surface is defined by a 

20 cylindric surface that is the construct of translating said two-dimensional cavity profile 

through said plate along a line that is oblique to said plate mold surface. 

36. The mold of claim 28, wherein said cavity surface is defined by a 

cylindric smface that is the construct of translating said two-dimensional cavity profile 

2S through said plate along a line that is oblique to plate mold surface of said plate and 

said major plane of said plate. 
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37. The mold of claim 28, wherein each of said mold cavities are open at 

said mold surface of said plates and are bounded at least by: 

i) a first cavity surface formed by said cavity surface; and 

ii) a second cavity surface defined by said second major surface of a 

s second one of said pluraljty of plates adjacent to said first major surface of said first 

plate. 

38. The mold of claim 31, wherein each of said mold cavities are open at 

said mold sud8ce of said plates and being bounded at least by: 

10 i) a first cavity sur&ce defined by said first cavity surtace in a first one of 

said plurality of plates; 

ii) a second cavity surtice defined by said second cavity surface in said 

first plate; 

iii) a cavity base defined by said cavity base in said first plate; and 

IS iv) a third cavity surface defined by said second major surface of a second 

one of said plurality of plates adjacent to said first major surface of said first plate. 

39. The mold of claim 38, wherein said first cavity surface intersects said 

second cavity surfilce at a line such that said cavity base comprises a line. 

20 

40. The mold of claim 38, wherein said first and second cavity surfaces 

have at an included angle of from 20° to 120°. 

41. The mold of claim 38, wherein said depth of said cavity measured from 

2s said mold surfilce to said cavity base along said first major surface of said first plate is 

from 0.6 mm to 6.0 mm. 
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42. The mold of claim 38, wherein said length of said cavity measured 

along said mold surface of said plate from said first major surface of said first plate to 

said point of intersection of said first cavity surface, second cavity surface, and mold 

surface is from 0.6 mm to 6.0 mm. 

43. The mold of claim 38, wherein said first plate mold surface and said 

third cavity surface have an included angle of 90°. 

44. The mold of claim 28, wherein said cavity surface further intersects said 

. 10 plate second major surface. 

45. The mold of claim 44, wherein said mold cavities are open at said mold 

surface of said plates and are bounded at least by: 

i) a first cavity surface formed by said cavity surface; 

IS ii) a second cavity surface defined by said second major surfilce of a 

20 

second one of said plurality of plates adjacent to said first major sur&ce of said first 

plate; and 

iii) a third cavity surface defined by said first major surface of a third one of 

said plurality of plates adjacent to said second major surface of said first plate. 

46. the mold of claim 33, wherein said mold cavities are open at said mold 

surface of said plates and are bounded at least by: 

i) a first cavity surface defined by said first· cavity surface in a first one of 

said plurality of plates; 

25 ii) a second cavity surface defined by said second cavity surface in said 

first plate; 

iii) a cavity base defined by said cavity base in said first plate; 

iv) a third cavity surface defined by said second major surface of a second 

one of said plurality of plates adjacent to said first major surface of said first plate; and 

30 v) a fourth cavity surface defined by said first major surface of a third one 

of said plurality of plates adjacent said second major surface of said first plate. 
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47. The mold of claim 46, wherein said first plate mold surface and said 

third cavity surface have an included angle of 90° and wherein said first plate mold 

surface and said fourth cavity surface have an included angle of 90°. 

48. The mold of claim 28, further comprising a plurality of spacers wherein 

a respective one of said plurality of spacers is adjacent a respective one of said plurality 

of plates, wherein each respective spacer overlays at least that portion of said first 

major surface of each respective plate intersected by said first and second cavity 

10 surfaces. 

1111i1iilm1nr 


