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SKI AND METHOD OF MANUFACTURING THE SKI
RELATED REFERENCES

This application claims priority benefit of U.S. Provisional Serial
Number 60/238,725 filed October 6, 2000.

BACKGROUND OF THE INVENTION

a) Field of the Invention

The present invention relates to a snow ski, and.more
particularly to a composite snow ski and a method of making the same.
More particularly, this relates to a composite snow ski having a desired

balance of design characteristics, and also an'improved manufacturing
process for making the ski.

b Backaround Art

Various materials can be used in the manufacture of Snow

skis, and various designs have been proposed, which incorporate
metal components as part of the 'structure of the ski, and in some
cases using the metal to form some of the primary components of the
ski structure. One such design that has become commercially
successful is disclosed in U.S. Patent No. 4,858,945 (Kashiwa). In that
particular design, the ski has a top metal cap having a top horizontal
portion and two downwardly extending side portions forming at the
outside side surfaces of the ski. In addition, there is a lower metal
sheet above the running surface and below the wood core of the ski.
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This design has been demonstrated to provide a certain number of
advantages which are disclosed in the text of the U.S. patent. Among
these is that there IS improVed torsional resistance, desired weight
~ distribution, also a desirable flexural characteristics, and others.
-5 In addition to this, there is shown in the priOr art various
' proposed designs incorporating metal components one way or
~another, and a search of the patent literature discloses a number of
these.
U.S. 5,292,148 (Abondance et al.) shows a ski with an upper
10 surface 3, which is secured to side elements 8..

U.S. 5,280,943 (Comier) shows a ski, the various layers of which are

shown in Fig. 21. Layers 101, 102, and 103 may be formed of metal
according to column 6, lines 26+. :
U.S. 5,251,924 (Nussbaumer) shows a ski that is formed in a
15  trough like mold 9, and cover 10. There is a metal upper cover layer 4,
and a coated lower layer 5. The components appear to be united with
resin like elements in the mold.

U.S. 4,781,395 (Fischer) shows a ski that is formed in a trough

like mold 9, and cover 10. There is a metal upper cover layer 4, and a
20  coated iower layér 5. The components appear to be ,unitéd with resin
like elements in the mold.

U.S. 4,731,038 (Hancock et al.) shows a mold 70, and cover 82,
in which material including deck element 3, an inner plate 4, which may
be of aluminum are placed with other parts.

25 - U.S. 4,671,529 (LeGrand et al.) shows a ski in which there are
‘bearing layers 3 and 4 that are formed of aluminum.
U.S. 4,655,473 (Muller et al.) shows thé fabrication of a ski in

which parts not mentioned in column 3, lines 17 to 40, may be of steel
~or other materials.



CA 02425161 2003-04-04

WO 02/28491 PCT/US01/31602

10

15

20

25

U.S. 4,382,,610 (Arnsteiner) shows a ski in which layers 2 and 6
are formed of aluminum.

U.S. 4,233,098 (Urbain) shows a ski in which sheet metai layers
9 and 12 are secured to a resin core 3. The sheet metal may be '
tempered carbon steel according to claim 8.

U.S. 3,790,184 (Bandrowski) indicates in column 2, line a9, that
casing 19 may be of metal or other materials.

U.S. 3,762,734 (Vogel) shows a ski in which the shell elements
2 and 3 may be formed of steel, to which resin materials are secured.

U.S. 3,733,380 (Ishida) shows a ski that is formed of resin
molded around reinforcing elements 4 and 5. Reinforcing element 4
iIncludes metal layer 4c, as well as other materials.

U.S. 3,612,556 (Seawell) shows a ski in which there are sheet
aluminum elements 8 and 9.

U.S. 3,416,810 (Kennedy) shows a ski in which element 20 and
legs 28 and 36 are formed of metal. |

U.S. 3,272,522 (Kennedy) shows various configurations of a ski
in which metal may be used as either an internal element or as a

casing. The metallic elements are shown such as base 22, and

associated side walls 24, there is a running surface such as 106 on the
bottom. Other embodiments are shown with internal rhetallic
sfructures.

U.S. 3,145,998 (Holmberg et al.) shows structures of a
laminated ski in which the embodiment shown in Fig. 5 ipcludes upper
sheet steel element 31, which is secured to aluminum sheet 29, and
covered with a layer of resin. There is a lower steel sheet 37, which is

secured to aluminum sheet 35 on one side and covered on the outer
surface with running element 45, also of resin.
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U.S. 2,851,277 (Holmberg et al.) shows a ski with a core of
wood or wood compositions, and provided with sheet steel elements
31 and 36 which are bonded to aluminum sheets.

5 SUMMARY OF THE INVENTION

The ski design of the present invention lends itself to efficient,
cost effective and reliable manufacturing techniques, while providing
the desired balance of the functional and structural characteristics of

10 the end product, and also the ability to provide desired aesthetic
features (i.e. cosmetics).

The present invention comprises a design of a ski where metal
(in the preferred form steel) is used as a structural component or
components, and in the preferred form where the ski has a metal
15  structural sheet exposed at the top of the ski, combined with
substantially non-metal side wall structural components which can, for
example, be made of a plastic or fiber reinforced plastic composites.
These are combined in such a way as to form a desired balance of
functional characteristics of the ski, and enable desirable cosmetics in
20  the ski. In additidn, the present invention comprises a manufacturing
process which also has a desired balance of advantageous features,
" and which is uniquely adapted to be used to make the type of ski
described herein.
- The ski which is manufactured by the past method of the
25  present invention has a front to rear longltudlnal axis, front and rear
end portions, upper and lower surface porhons and side portions.
Further, the ski comprises a main longitudinally extending body portion
comprising main body components of the ski and a longitudinally
extehding cap portion at the upper and side surface portions of the ski.
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The method comprises first making a cap preform section

having a middle cap preform portion and side cap preform portions.
The cap preform section comprises:

5 I an elqng‘ate metal sheet which is predominantly metal
and has upper and lower surfaces and side edge
portions;

Ii. two predominantly non-metal side members having upper
and lower surfaces and inner and outer edge portions,
10 with the inner edge portions being adjacent o the side
edge portions of thé metal sheet at juncture locations;
i, two bonding portions, each being located at a related one
of the juncture locations and joining a related one of the

side members to an adjacent side portion of the metal
15 sheet.

Preform main body components that correspond to the main
body components of the ski are positioned at a molding location as a
main body preform assembly, with upper, lower and side surfaces and
20 lower side edges: |
The cap preform section is positioned over the main body
preform assembly so that the metal sheet is located over the upper
surface of the main body preform assembly. Then the middle portion
of the cap preform section is pressed downwardly against the top
25 - surface of the main body preform assembly and the cap preform
section has its side:portions pressed against the side surfaces of the
main body preform assembly to form a bonding assembly. Heat is

applied to cause the cap preform section of the main body preform
~assembly to come bonded in to a ski structure.
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In the preferred form an upper mold section is pressed
downwardly to press the cap preform assembly downwardly against
the main body preform assembly. In the bonding assembly outer edge
portions of the cap preform section extend outwardly beneath lower
edge portions of the upper mold section to form edge seals to contain
liquid material in the main body preform assembly. "

“In a preferred form, there is a lower metal sheet which is
predominantly made of metal, and this is a component of the main
body preform assembly. The main body preform assembly further
comprises lower metal side edge members. In one arrangement, in
merely extenci'iing flanges of the edge members have inner edge
surfaces which are positioned adjacent to outer edge surfaces of the
lower metal sheet. In another configuration, outer edge portions of the
metal sheet are in overlapping relationship with the flange portions.

Also, in the manufacturing process, outer edge portions of the
cap preform assembly extend beyond lower side edge locations of the
ski which is formed, and the method further comprises trimming back
the outer edge portions of the cap preform aséembly to form the ski.

In one arrangement, each of the bonding portions of the cap-
preform assembly comprises an end edge portion of related one of the
side members, and the side members are made of a thermoplastic
material, and an adjacent edge portion of the metal sheet is pressed
against the edge portion of its related side member so as to form a
bond between each side member and the metal sheet.

In another currently preferred configuration, each of the two
bonding portions comprises a bonding strip having an upper bonding
surface. The cap preform section is made by providing a cap preform
assembly comprising the metal sheet, the side members, and the
bonding strip in overlapping relationship and applying heat to bond the
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bonding strips to the metat sheet and the side members to form the
cap preform section. Desirably each of the bonding strips is made of a
thermoplastic matérial, and the bonding assembly is subjected to
pressure and heat at a sufficiently high temperature to cause each
bonding strip to become édhesive, and upon cooling forms a bond with
the adjacent side member and the metal sheet.

Also in a preferred form, the metal sheet and the two side
members meet in edge 1o edge abutting relationship, and each of the
thermoplastic bonding strips is heated to a sufficiently high level to
create bonding, with each thermoplastic strip having a sufficiently high
viscos“ity at the bonding temperature so that leakage does not occur
through a joint formed by the metal sheet and the adjacent side
member. |

In one embodiment, the bonding strip extends only part way
downwardly adjacent {o an upper portion of its related side member. In
another arrangement, each bonding strip extends downwardly along
the side surface portions of its related side member to its related lower
side edge portion of the main body preform assembly.

One preferred form of the bonding strip is to have an outer
surface portion héving a material which readily bonds to metal materiel
forming the upper metal sheet and also to plastic material forming its
related side member, and an inner surface material particularly
adapted to a resin system which is incorporated in a main body
preform assembly.

" In one configuration, the metal sheet has two side edge
surfaces, each of which is in abutting relationship against an adjacent
side portion of the side member. In one arrangement the upper metal
sheet is entirely flat and is positioned at an upper top surface of the ski.
In another arrangement the upper metal sheet has side edge portions
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which extend outwardly and downwardly over an upper portion of a
side portion of the main body preform assembly. In this configuration,
one preferred form is that each outer edge portion of the metal sheet
has a bend at a location spaced inwardly toward a center location of
5  the metal sheet from its outer edge portion, and an part of the outer
edge portion is substantially flat.
The ski made in accordance with the present invention

comprises the upper cap section having a middle cap portion and side
cap portions. This ski also has a main body portion comprising main
10  body components of the ski.

The cap section has a middle cap portion and side cap
portions. It comprises an elongate metal sheet which IS predominantly
metal and has upper and lower surfaces and side edge.portions. This
elongate metal sheet comprises at least part of the middie cap portion.

15 Further, the cap section comprises two predominantly non-metal
side members having outer and inner surfaces and upper and lower
edge portions, with the upper edge portions being adjacent to the side
edge portions of the metal sheet at juncture locations.

There are two bonding strips, each located at a related one of

20  the juncture locations and joining a related one of the side members to

| an adjacent side portion of the metal sheet. .

The metal sheet, the two side members and the two bonding
strips are bonded together to form a sealed cap configuration.

~ Within the éealed cap configuration, there is the main

25  longitudinally extending body portion which comprises a core, a lower

running surface member, and two side edge members which are

bonded one to the other and also to the cap section. Also, there is a
~ lower metal sheet positioned below the core.
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The core, metal sheet, side edge members and lower surface
member are bonded together and also bonded to the cap section by a
resin system, and the resin system is enclosed within the cap section,
with lower end edges of the side members of the cap section forming
5  seals at lower edge portions c;f the main body portion.
Other features of the present invention will become apparent

from the following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a middle portion of the ski

- made in accordance with the present invention;

Figure 1A Is an enlarged view of an upper right corner portion
which is circled in Figure 1, showing a thermoplastic bonding film strip:

Figure 2 is an isometric view showing the m“anufacturing lay-up
to mold the ski of the present invention;

Figure 3 is an isometric view illustrating the lay-up to form the
pre-assembly of the upper metal sheet, side members and bonding
strips;

Figure 4 is a cross-sectional view similar to Figure 1A, showing
a modified form of the pre-form assembly used in the present
invention;

Figure 5A is a cross-sectional view showing a modified pre-form
assembly, with an edge portion of the upper metal sheet and a
thermoplastic side member in an initial position.in providing the pre-

form;

Figure 5B is a view similar to 5A but showing the pre-form after
the heat is applied to form the pre-form assembily;

Figure 6 is an isometric view illustrating the top surface of
forward portion of the ski, with a portion of the metal sheet being cut
away and a component placed in the cutout for tuening the ski (e.qg.
dampening) and/or cosmetics; |

 Figure 7 is a cross-sectional view of a third embodiment of the

present invention, showing an edge portion of the ski of the third
embodiment drawn to an enlarged scale.



CA 02425161 2003-04-04
WO 02/28491 PCT/US01/31602

11

DESCRIPTION OF THE PREFERRED EMBODIMENTS

it is believed that a better underétanding of the present invention

will be obtained by first describing the structure of the ski as an end
O  product, and then describing the method manufacturing the same.

The overall configuration of the ski is, or may be, conventional,
so that the ski has a tip portion, tail portion and intermediate portion,
with the vertical thickness dimension of the ski decreasing from the
central portion toward the end portions, and with the plan form of the

10 ski having the conventional side cut.
Within the broader scope of the present invention, the term "ski"
IS to be interpreted to include snowboards or possibly other such
products to incorporate the teachings of the present invention.
With reference fo figure 1, which shows the ski at a center
15 location iIn cross-section, the ski 10 can be considered as having two
main structural components, namely an upper cover section 12 (i.e.
cap portion or section 12), and a main body portion 13 which
comprises a core section 14 and a bottom section 16.

The upper cap section 12 comprises an upper metal sheet 18, a
20  pair of side members 20, on opposite sides of the metal sheet 18, and
two bonding strips 22 (shown more clearly in Figures 1A, 2 and 3)
which join the upper metal sheet 18 to side members 20. In this
particular embodiment, the bonding strips 22 are initially provided as
separate strips which are bonded to adjacent portions of the upper
25  metal sheet 18 and the side members 20. In an alternative
embodiment, the bonding strips are made as part of the side members
- 20 in their pre-form assembly configuration. (This will be described
later herein with reference to Figures 5A and 5B.) In addition, there is
a-bonding layer 24 extending beneath the metal sheet 18 and the side
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members 20 which joins the cover section 12 and main body portion
13.

The core section 14 is, in this preferred embodiment, made of a
solid piece of wood. The bottom section 16 comprises a lower metal
sheet 20 located immediately below the core section 14, and there are
two steel edge members 28 located at lower side edges of the ski.
Finally, there is a lowermost plastic running surface 30 immediately
below the lower metal sheet 26, with outer side portions of the running
surface 30 being immediately below the lower metal sheet 26 and
below the inner flange portions of the edge members 28.

It is to be understood that the cross-sectional configuration
shown in Fig. 1 is substantially the same cross-sectional configuration
throughout the entire length of the ski, with the thickness dimension
diminishing toward the end portion of the ski 10. But there could be
variations or somewhat different configurations at some portion or
portions of the ski (e.g. the end portions of the ski).

The two metal sheets 18 and 26 can be high sfrength steel,
stainless steel, Titanal®, other high strength aluminum alloys such as
the 7000 or 2000 series, titanium, or other high strength metals with a
yield strength to rhodulus ratio in excess of 0.007. The metal sheets
18 and 26 are desirably entirely made of metal, including metal alloys
or metal alloys having an iIngredient or ingredients that technically are
not a metal, but within the broader scope it may be possible to
formulate a material for the sheets 18 or 26 that would incorporate
other ingredients, but still be predominantly metal.

To describe these elements in more detail, the upper metal
sheet 18 is, in the preferred form, high strength steel having a
thickness dimension between about .008 to .020 inch, and in this

PCT/US01/31602
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embodiment about .015 inch. Within this range, the thickness
dimension could be 0.01 inch, 0.012 inch, 0.124 inch, 0.016 inch, and
0.018.The sheet 18 has an upper surface 32, a lower surface 34 and
two side edges 36 (see Fig. 1A). The upper metal sheet 18 is fully
5  exposed to provide a desired bare metallic surface which has benefits
relative both to appearance of the ski and also. performance. This
upper surface 32 can be provided with graphics thereon.
Each of these side members 20 is predominantly non-metal and
in the preferred form is as an elongate, moderately flexible piece of
10 plastic, such as Iso Sport's polyamide plastic ski top-sheet materials,
having a thickness dimension of possibly between .008 to .030 inch,
and in this embodiment about .024 inch. These could have other
dimensional ranges, such as being as much as 0.01 inch, 0.012 inch,
0.014 inch, 0.016 inch, 0.018 inch, 0.02 inch, 0.022 inch, 0.026 inch,
15 and 0.028 inch. Also, quite possibly this could be a greater dimension
such as 0.032 inch, 0.034 inch or 0.036 inch, depending upon various
other factors.
In the end configuration of the ski, each of these side members
20 has an upper inner edge 38 (see Fig. 1A) and a lower outer edge
20 40 (see Fig. 1). Each side member 20 extends the entire length of the
ski and comprises a main downwardly and outwardly sloping side
portion 42, an upper side portion 44, and a lower side edge portion 46.
The upper side portion 44 has in cross-sectional configuration a curved
configuration which terminates at the upper edge 38 of the side
25  member 20, with this upper edge 38 butting against the adjacent side
edge 36 of the metal sheet 18 which in this embodiment is planar. The
lower side portion 46 of the side member 20 comprises a lower curved
portion 48 and a lower outwardly extending horizontal portion 50 which
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IS located adjacent to an outer side edge portion of the lower metal
sheet 26 and to its related edge member 28.
Each of the aforementioned bonding strips 22, in the end

configuration, is bonded to the outer lower side surface portion of the

5 related edge portion of the metal sheet 18 and also bonded to the
lower surface portion of the upper part of its related side member 20..
In the preferred form, the thermoplastic bonding strip 22 is a flexible
thermoplastic film adhesive that is reinforced with fiberglass. As will be
described later herein, in the description of the manufacturing process;,

10 the two side members 20 and the bonding strips 22 each have the
desired characteristics for being formed first into a sub-assembly (as
shown in Figure 3) and then into the final configuration of the ski (as
shown in Figures 1 and 2), this being described later herein, with
regard to the manufacturing process.

15 The bonding layer 24 is, in this preferred embodiment, made of:
fiberglass, and in the manufacturing process, a bonding resin
permeates the fiberglass layer 24 to bond the metal sheet 18, th‘e side
members 20 and the adhesive strips 22 to the core section 14. This
fiberglass layer 24 has, in the end configuration of the ski, a thickness

20  dimension between about 0.006 to 0.06 inch, and within that range
could have thicknesses in the ranges of 0.01, 0.02, 0.03, 0.05, and a
dimension or dimensions between any pair of these values.

The core section 14 is, or may be, of conventional design and is
shaped to match the overall contour of the ski. Thus, it can be seen

25  thatin cross-section the core section 14 has a trapezoidal
configuration with the side surfaces sloping downwardly with a steep
outward slant which is between about 70° to 75° or 80° from the |
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horizontal, and at the lower edge portions, has cut-outs 52 to
accommodate the flange portions of the edge members 28.
1o describe“in more detail the components of the bottom section
- 16, the lower metal sheet 26 is made of high-strength steel (as is the
5  upper metal sheet 18) having a thickness dimension between about

.008 to .020 inch and in this embodiment about .012 inch. Depending
upon various factors, this thickness of the lower metal sheet 26 could
be (as with the upper middle sheet 18) 0.01, 0.012, 0.014, 0.016, and
0.018 inch. In this embodiment, the lower metal sheet 26 has its outer

10  edge portions raised slightly as at 54, the raised portions being formed
by a small connectihg stép portion or joggle 56, this being done to
accommodate the inner flanges 57 of the steel edges 28. Alternatively,
the joggled portions 54 could be eliminated and the outer edges of the
steel sheet 26 could terminate at the inner edges of the flanges. This

15 will be described later herein with reference to Figure 7.

The steel edges 28 are, or may be, of conventional design, and
as show herein, there is the main outer rectangular edge portion 58
and, as indicated previously, an inwardly extending flange portion 57
by which the steel edge members 28 are mounted.

20 Finally, there is the aforementioned plastic running surface 30
which is, or may be, of conventional design, bonded to the bottom
surface of the lower metal sheet 26. This plastic running surface
extends between the inwardly facing surfaces of the outer edge
portions 58 of the edge members 28.

25 To describe now the manufacturing process of the present
in\/ention, reference is Initially made to Figure 3, which shows the layup
of the cap pre-form assembly, designated 59. The manufacturing
process of this first embodiment is essentially a two-step operation.

The first step is to form a cap pre-assembly 59 (or pre-form assembly
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59) which is made up of three elements which, in the final configuration
of the ski, are the upper metal sheet 18, the two side members 20, and
the two bonding strips 22. The bonding strips 22 may be reinforced
with woven or non-woven fabric as two separate pieces or a pre
impregnated material. For clarity in describing the manufacturing
process, these three elements, 18, 20 and 22, will, in the description of
the manufacturing process, be given "a" suffixes, so that these will be
designated 18a, 20a and 22a, respectively, and the other components
or elements related to this pre-assembly will also have "a" suffixes. In
Fig. 3, the lateral edges 60a of the side members 20a are shown as
having a straight-line configuration. These lines 60a can also have a
curved configuration so as to follow the contours of the outer edges
36a of the top metal sheet portion 18a. Since these components 18a,
20a, and 22a form the cap pre-assembly which becomes the cap
secfion 12 in the final ski configuration, thé cap pre-assembly shall be
designated 12a.

To form this cap pre-éssembly 12a, the metal sheet 18a is laid
on a flat surface, and the two side members 20a, in the form of flat
strips of plastic material, are laid on opposite sides of the side edges
36a of the metal sheet 18a, so that the edges 38a of the two side
members 20a abut against the side edges 36a of the metal sheet 18a.
Then the two bonding strips 22a are each laid over a related juncture
line of the abutting edges 36a-38a, so that each of the bonding strips
222 has inner and outer bonding éections 61a and 62a.

- Then heat is applied to the bonding strips .22a in a conventional
manner, such as by pressing a heated surface of a platen against the
two bonding strips 22a. This film adhesive can be a thermoplastic

| material. so that it is flexible in the subassembly and has limited flow

(l.e. controlled flow) during the subassembly manufacturing to prevent
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flow of adhesive onto the metal top sheet. This bonding strip 22a has
a very fast process time of typically one to three minutes since no
“cure” is required like a thermoset adhesive. The bonding strip 22a
remains substantially solid during the final assembly. Also, the plastic
sidewall members 20 and bonding strips 22, with or without
reinforcement, are able to readily conform to the molded ski shape.
Further, the thermoplastic material can be reinforced with
higher melt temperature or higher moduolus layer of a woven or
unidirectional reinforcing fabric, such as fiberglass, polyester or even
cotton. The additional reinforcement can also act to promote bonding
adhesion of the pre-form cap assembly 12a during the final ski
assembly. It also prevents the material of the side members 20 from
pulling apart from the metal sheet 18 during mold closing and also
during the period of final assembly cure pressure and temperature.
Further, it will be noted, with reference to Figure 2, that the
lower outer portion of each side member 20a are sized so that the
lateral edges 65a protrude beyond the molding surface of the ski
footprint, as indicated at 62a (see Fig. 2), so as to force all excess
resin from final assembly away from the ski. This is in contrast to a

net-formed metal cap where the adhesive is able to run up along the

- side of the ski.

To describe the second step in the manufacturing process of
this first embodiment (i.e., molding of the final assembly to bond all of
the components together), reference is made to Figure 2.

As shown in Figure 1, there is a mold base 64 and a mold lid 66,
with these two mold components 64 and 66 having mold surface
contours corresponding to the configuration of the final ski. Initially, the
plastic running surface 38a and the two edge members 28a are

positioned in the mold base. As is commonly accomplished in the prior
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art, the two edge members 28a can be initially pre-bonded to the
running surface 30a and then placed in the mold base 64.

Next, an adhesive layer is placed on top of the running surface
30a and upper surface portions of the edge members 28a, and the
lower metal sheet 26a is put in place. Alternatively, instead of applying
the adhesive directly, the adhesive can be formed in an impregnated
layer of fabric, fiberglass or some other material (e.g., Kevlar, woven or
non-woven polyester, etc.) and this adhesive layer placed on top of the
running layer 30a and the upper surface portions of the edge members
28a. |

Next, an adhesive material is applied to the upper surface of the
lower metal plate 26a and then the core member 14a is put in place.
Again, it may be possible to place a layer of fabric between the metal
sheet 26a and the core member 14a or have the fabric be adhesive
impregnated, or with the adhesive being applied to the layer of fiber or
fabric.

With the core member 14a in place, the aforementioned
bonding layer 24a (e.g., a fiberglass bonding layer 24) is placed over
the core member 14a so that the fabric has an upper portion 68a on
top of the core member 14a, two side portions 70a that extend
downwardly along the sides of the member 14a, and finally two
outwardily and laterally extending portions 72a which extend beyond
the edge members 20a and over an adjacent surface portion of the
mold base 64. A liquid adhesive material could be applied to this
bonding layer 24a, or (as mentioned earlier) this layer 24a could be an
adhesive impregnated layer.

As a final step, the cap pre-form assembly 12a (made up of the
metal sheet 18a, the side members 20a, and the bonding strips 22a),
IS placed as a unit 12a on top of the bonding sheet 24a. The outer



CA 02425161 2003-04-04
WO 02/28491 PCT/US01/31602

19

portions (comprising the side members 20a) of this sub-assembly 123
are manually moved downwardly over the sides of the other
components which are already in place in the mold base 64, and then
the mold lid 66 is moved downwardly to press the components into

o  their proper position.h During the molding process, if there is an
outward flow of liquid material (e.g. resin or other bonding agent
material), this flow will be outwardly beneath the outer layer portions
72a and 73a.

After the molding process is completed and after the bonded ski

10  assembly is removed from the mold, then the outer edge portions
formed by the members 72a and 73a are ground off.

To discuss further some facets of the method of the present
iInvention, the temperature at which the cap pre-form assembly 12a is
bonded is sufficiently high so that each bonding strip 22 becomes

15 "sticky enough” so that it would bond to both of the components (i.e.
the upper metal sheet 18a and also the side member 20a). The
temperature at which the thermal plastic bonding strip 22 becomes
sufficiently “sticky” so as to be able to bond the components 18a, 20a
and 22a to be bonded is higher than the temperature which the entire

20  pre-form assembl’y shown in Fig. 2 is subjected during the qﬁnal molding
process.

Also, it is to be understood that while the thermoplastic material
is desirable for being used in the bonding strip 22, it would be possible
to utilize a thermoset plastic (or some other material) which would have

25  an adhesive surface that would adhere to both the metal sheet 18a
and the side member 20a. Present inquiries by the applicants have
not identified an adhesive material which they believe would be

adequate for this particular application, but on the assumption that
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such adhesive materials are available and are found reliable, these
could be considered for use as the bonding strip 22.

Also, the thermoplastic material which comprises the bonding
strip 22 should have a sufficiently high viscosity at the bonding
temperature so that it would not become sulfficiently liquidto leak
through the joint 36/38.

There are various advantages in using the combination of the
upper metal sheet 18 and the side members 20 made of a non-metal
material such as a plastic material. Functionally, as indicated
previously, the upper metal sheet 18 clearly serves as a structural
member. It has a high strength-to-weight ratio and it also adds to the
torsional resistance of the ski. Also, this particular arrangerﬁent of
having the outer edges of the metal sheet 18 terminate at a location
spaced from the lower edge benefits in the manufacturing process. It
IS more difficult to maintain the tolerances of the edge of the metal
sheet within close limits, especially when there is a bend in the metal.
By using the plastic sidewall member 22, the tolerance problem is in
large part removed.

Further, there is another benefit in using the plastic material or
similar material aé the side members 20. If there is an impact on the
ski (e.g. the lower steel edge 28 striking a rock), the plastic sidewall 20
IS able to absorb the shock and not delaminate from the wood core 14.

It should alsc be noted that the formation of the pre-form
assembly 12a being formed first and then being placed on the final
pre-form assembly, is that the bonded cap pre-form assembly 12a
functions as a liquid-tight assembly which, in the final assembly of Fig.

‘2, substantially encloses the rest of the components and leaves as an

exit area the two seams that are formed at the very lower edge
portions of the final pre-assembly at the edge locations 50 of the side
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members 22. Also, as can be seen in the pre-form of Fig. 2, the resin
(or possibly other liquid material, if any) which is extruded out of the
pre-form assembly necessarily travels underneath the outer edge
portion 73a of the side member 20 so that it does not come in contact
5  with the ski.
A second embodiment of the bresent invention is shown in
Figure 4. Components of the second embodiment which are similar to
components of the first embodiment will be given like numerical
designations with a “b” suffix distinguishing those of the second
10 embodiment. As shown in Fig. 4, there is the upper metal sheet 18b.
and the two side members 20b. The upper metal sheet 18b has its.
edge portion formed in a downward curve as at 74 so that there is a-
juncture line 76 with the side edge 20b which has at that juncture
location a planar configuration. This arrangement of the upper metal..
15  sheet gives the ski a greater torsional resistance. This outer curved.
edge portion 74 can be formed by hydro-forming or other metal die"
forming operations.
A third embodiment is illustrated in Figures 5A and 5B.
Components of this third embodiment which are the same as or similar
20  to components of the earlier two embodiments will be given like
numerical designations with a “c” suffix distinguishing those of the third
embodiment. The upper metal sheet 18¢ is the same as the sheet 18
but the side member 20c¢ differs. Each side member 20c is made as a
-~ thermoplastic layer with an inner portion 78 of this thermoplastic layer
25  being beneath an outer edge portion 80 of the metal sheet 18¢ in the
cap pre-form assembly 12a. As the heat is applied, the metal plate
portion 80 becomes depressed into the inner portion 78 of the softened
thermoplastic layer 20c to squeeze down the edge portion 78. At the
completion of the formation of the pre-form assembly the upper surface
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82 of the metal sheet 18c lies in the same plane as the main upper
surface portion 84 of the side member 20c. Then the pre-form
assembly in each of these modifications (Figure 4, and Figure 5A and
5B) are molded into the final ski configuration as described previously.

To describe a modified form of the present invention, reference
IS made to Fig. 6 which shows a front end tip portion of the ski at 86.
For cosmetic reasons or to tune the dynamic performance (e.g.
vibration dampening), it may be desirable to provide a cut out in the top
metal sheet 18. In Fig. 6 there is a cut out at 88 in the ski tip portion of
’ihe upper metal sheet 18. The region of the cut out 88 (shown herein
as a circular cut out) could be patched with a piece of the same
material as is used to making the side member 20 (this material being
indicated at 90) along with a bonding layer made of the same material
as the bonding strip 22. The edge portion of this bonding layer 90 is
shown as an edge portion 86 surrounding the cut out 82, it being
understood that this adhesive 86 would extend also beneath the
patched portion 90.

A fourth embodiment of the present invention is illustrated in
Fig. 7. Components of this fourth embodiment which are similar to (or
the same as) con"{pbnents of the prior embodiments will be given like
numerical designations, with a “d” distinguishing those of the fourth
embodiment. There are three main distinctions between the fourth
embodiment and the first embodiment. The first is that configuration of
the components at the upper outer edge portion of the final pre-form
and the finished ski is modified from what is shown in Fig. 1. The
second is that the bonding strip 22d is extended so that it extends
entirely down the inside of its related sidewall 20d and all the way to
the outer edge portion of the pre-form assembly, so that it would be

‘extending between the outer edge portion 73a and 72a, as shown in
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Fig. 2. The third is the lower metal sheet 26d has its outside edge
terminate adjacent to the inner edge 57d of the edge member 28d.

Let us turn odr attention now to the first item listed in the
paragraph immediately above. It will be noted that the upper metal

O  sheet member 18d is formed with a longitudinally aligned bend at 94d
adjacent to an outer edge portion 95d of the middle planar portion of
the metal sheet 18d. Then immediately outwardly of the rounded
portion 94d, there is a flat outer sheet metal portion 96d which
terminates at the juncture location 36d/38d. Then from the juncture

10 location 36d/38d, the side member 22d begins as a planar portion 98d
which leads from its edge 38d and transitions into a longitudinal curved
portion 100d, which in turn leads into a downwardly extending portion
102d. Then the lower end of the planar portion 102d leads into the
outer edge portion 46d which is substantially the same as the portion
15 46 in the first embodiment.

The second item in this fourth embodiment that differs from the
first embodiment is, as indicated above, that the bonding strip 22d
extends all the way from the beneath the outer edge portion of the
metal sheet 18d all the way down along the side of the ski, and then

20  extends laterally dutwardly as show in Fig. 7. Thus, the bonding strip
22d simply follows the contour of the metal strip portions 95d, 94d, and
96d, and from there follows the contours 98d, 100d, 102d. and 46d of
the side member 20d. | |

As indicated previously, the third item in this fourth embodiment

25  that differs from the first embodiment in that the lower metal sheet 26d
terminates at a further inward location than in the first embodiment.
More speciiically, the outer side edge 106d of each side of the lower

sheet 26d terminates adjacent to the inwardly facing edge 108d of the
flange 57d.
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Since the flange 57d generally has a greater thickness
dimension than the thickness dimension of the lower metal sheet 26d,
there is in the preferred embodiment provided a filler material 110d
immediately above the metal sheet 26d so that the upper surface 112d
of the flange 57d is in the same plane as the upper surface 114d of the
filler material 110d. This layer of filler material 110d could be a porous,
woven or non-woven plastic layer impregnated with resin. This could
be pre-pregged, in which case it would soften and bond, or at the time
of manufacture it could be coated with a copper layer which would be
bonding. |

Also, the two flanges 57d of the steel edges 28d would be
bonded by the upper surface 112d to the wood core. This could be
done by applying a proper adhesive or bonding agent at the time of:
being placed in the mold. Also, it is possible to place other material

such as a rubber or fiberglass layer between the flange 57 of each

steel end 28 and the wood core 14.

The method of manufacture of the present invention would be
modified from that of the first embodiment to some extent to make the
ski shown in Fig. 7. More specifically, the initial pre-form operation
described above with reference to Fig. 3 would be modified so this
would become a two-step operation.

The first step would be to form the pre-form substantially the
same as described above with reference tho Fig. 3. Thus, the metal
sheet 18d, the side members 20d, and the two bonding strips 22d
would be assembled substantially the same as in Fig. 3. However,
with the bonding strips 22d extending further outwardly, the outer edge
of the bonding strips 22d would reach substantially out to the outside
edges 63a of the edge members 20a, as shown in Fig. 3.
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After the pre-form flat layup is subjected to heat and pressure by
the platen, then the bonded assembly is moved to perform a |
nydroforming operation where an upper molding member would be
moved downwardly to engage the upper surface of the bonded pre-
assembly and thus deform the outer 'edge portions of the metal sheet
18d to form the bend at 94d and also the outer planar section 96d.
The side members 20d would also be deformed downwardly. In a
preferred form, the angle of the planar portion 96d would also make an
angle of abo'ut'one-third of a right angle with the main horizontal
portion of the metal sheet 18d. Then the bonded pre-form, with the
bends made in the outside metal sheet portions, is moved over to the
final assembly, and in the final molding operation, the outwardly
extending side portions 20d would be moved downwardly to press
against the sidewalls of the core 14d.

In other respects, the manufacturing operation to make the ski
of the fourth embodiment would be substantially the same as
described above, and in the final molding operation the finished ski
product is formed.

It has been found that the hydroforming step described above
could be accompl.ished more effectively by placing a layer of nylon
about one-eighth inch thick between the softer hydroforming material
and the upper surface of the pre-assembly. This allows proper
forming, and would prevent possible rupturing of the joints of the metal
sheet 18d and the side members 20d.

A further aspect of the presént invention is that the bonding
strips 22d could be formed in a particular manner to enhance its
functions. More specifically, the bonding strip 22/22d of both the first

and second embodiments could be made with an outer surface (i.e. the

“surface that faces the side members 20 and the metal sheet 18) is

PCT/US01/31602
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made of a material that bonds well to both steel and polyamide (the
material with which the side members 20 are made). This layer could
be, for example, about 0.01 inch. Then there would be an inner
surface thermal plastic layer that bonds well to epoxy resin systems
that are used in the final molding of the ski. Such a poly resin system
IS available from Sarna (a Swiss company). This also could be made
with a thickness dimension of 0.01 inch or thinner. The middlé portion
of the material forming the bonding strip 22/22d could bé made of a
thermoplastic material that is described above.

Another feature of the present invention is that it enables
cosmetics to be conveniently applied to the side portions of the ski.
For example, the middle portion of the bonding strip 22/22d, as
described immediately above, could be provided with cosmetics, and it
can be, for example, a decorative pattern made of woven fiberglass,
woven fiberglass with metallic copings, or fabric with printing, etc. In
this instance, the side members 20/20d would be substantially
transparent. Another option is that the polyamide sidewall could be
back-printed by conventional techniques. Also, the decorative pattern
could be sublimated into the body of the sidewall 20/22 in accordance
with techniques that are well known in the art. |

It is obvious that various modifications could be made to the

present invention without departing from the basic teachings thereof.
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THEREFORE | CLAIM

1. A method of manufacturing a ski having a front to rear
longitudinal axis, front and rear eﬁd portions, upper and lower surface
portions, and side surface portions, said ski further comprising a main
longitudinally extending body portion comprising main body
components of the ski and a longitudinally extending cap portion at the
upper and side surface portions of the ski, said method comprising:

a) making a cap preform section having a middle cap
preform portion and side cap preform portions, and
comprising:

. an elongate metal sheet which is predominantly
metal and has upper and lower surfaces and side
edge portions;

. two predominantly non-metal side members
having upper and lower surfaces and inner and
outer edge portions, with the inner edge portions
being adjacent to the side edge portions of the
metal sheet at juncture locations;

il two bonding portions, each being located at a
related one of the juncture locations and joining a
related one of the side members to an adjacent
side portion of the metal sheet;

b) positioning preform main body components
corresponding to the main body components of the ski at
a molding location as a main body preform assembly with

upper, lower and side surfaces, and lower side edge
portions;
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C) positioning the cap preform section over the main body
preform assembly so that the metal sheet is located over
the upper surface of the main body preform assembly;

d) pressing the middle portion of the cap preform section
downwardly against the top surface of the main body
preform assembly and pressing the cap preform section
side portions against the side surfaces of the main body
preform assembly to form a bonding assembly and
applying heat to cause the cap preform section and the

main body preform assembly to become bonded into a
ski structure.

2. The method as recited in claim 1, wherein.an upper mold
section is pressed downwardly to press the cap preform assembly
downwardly against the main body preform assembly.

3. The method as recited in claim 2, wherein in the bonding
assembly outer edge portions of the cap preform section extend |
outwardly beneath lower edge portions of the upper mold section form

edge seals to contain liquid material in the main body preform
assembly.

4. The method as recited in claim 1, wherein a lower metal

sheet which is predominantly made of metal is a component of the
main body preform assembly.

5. The method as recited in claim 4, wherein said main

body preform assembly comprises a core, and the lower metal sheet is
located beneath said core.
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6. The method as recited in claim 5, wherein said main
body preform assembly further comprises lower metal side edge
members having inwardly extending flanges with inner edge surfaces

which are positioned adjacent to outer edge surfaces of the lower
metal sheet.

7. The method as recited in claim 4, wherein said main
body preform assembly further comprises lower metal side edge
members having inwardly extending flange portions, and outer edge

portions of the lower metal sheet and the inwardly extending flange
portions are in overlapping relationship.

8. The method as recited in claim 4, wherein the outer edge
portions of the cap preform assembly extend beyond lower side edge
locations of the ski which is formed, said method further comprising

trimming back the outer edge portions of the cap preform assembly to
form the ski.

9.  The method as recited in claim 1, wherein each of said
bonding portions comprise an end edge portion of a related one of the
side members, and said side members are made of a thermoplastic
material, and an adjacent edge portion of the metal sheet is pressed

against the edge portion its related side member so as to form a bond

between side member and said metal sheet.

10.  The method as recited in claim 1, wherein each of said
two bonding portions comprises a bonding strip having an upper

bonding surface, said cap preform section being made by providing a
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cap preform assembly comprising said metal sheet, said side members
and said bonding strip in overlapping relationship and applying heat to

bond the bonding strips to the metal sheet and the side members to
form the cap preform section.

11.  The method as recited in claim 10, wherein each of said
bonding strips is a thermoplastic material, and the bonding assembly is
subjected to pressure and heat at a sufficiently high temperature to
cause each bonding strip to become adhesive, and upon cooling,
forms a bond with the adjacent side member and the metal sheet.

12. The method as recited in claim 11, wherein said metal
sheet and the two side members meet in edge to edge of abutting
relationship, and each of said thermoplastic bonding strips is heated to
a sufficiently high level to create bonding, with each thermoplastic strip
having a sufficiently high viscosity at the bonding temperature so that

leakage does not occur through a joint formed by the metal sheet and
the side member.

13.  The method as recited in claim 9, wherein each bonding
strip extends downwardly along side surface portions of its related side

“member to its related lower side edge portion of the main body preform

assembly.

14.  The method as recited in claim 9, wherein each of said
bonding strips has an outer surface portion having a material which
readily bonds to metal material forming said upper metal sheet and

also to plastic material forming its related side member, and an inner
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surface material particularly adapted to bond to a resin system which is
Incorporated in a main body preform assembly.

15. The method as recited in claim 1, wherein the metal
sheet has two side edge surfaces, each of which is in abutting

relationship against an adjacent side edge portion of the side member.

16.  The method as recited in claim 15, wherein said upper

metal sheet is entirely flat, and is positioned at an upper top surface of
sald sKi.

17.  The method as recited in claim15, wherein said upper
metal sheet has side edge portions which extend outwardly and

downwardly over an upper portion of a side portion of said main body
preform assembly.

18.  The method as recited in claim 17, wherein each outer
edge portion of the metal sheet has a bend at a location spaced
iInwardly foward a center location of the metal sheet from its outer edge
portion, and an odter part of the outer edge portion is substantially flat.

19.  The method as recited in claim 17, wherein after the
metal sheet is bonded to the two side members, the resulting cap
preform section is subjected to a hydro-forming operation to bend outer
portions of the upper metal sheet downwardly, after which the cap

preform section is placed onto the main body preform assembly to be

pressed downwardly against the main body preform assembly.

20. A ski made in accordance with the method of claim 1.
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21. A ski having a front to rear longitudinal axis, upper and
lower surface portions, and side surface portions, said ski comprising:
a) a cap section having a middle cap portion and side cap
portions, said section further comprising:
5 . an elongate metal sheet which Is predominantly
metal and has upper and lower surfaces and side

edge portions, and comprises at least part of said
lower cap portion; |

. two predominantly non-metal side members
10 having outer and inner surfaces and upper and
lower edge portions, with the upper edge portions
being adjacent to the side edge portions of the
metal sheet at juncture locations; .
il. two bonding strips, each being located at a related
15 one of the juncture locations and joining a related
one of said side members 10 an adjacent side
portion of the metal sheet;
\2 said metal sheet, two side members and two
bonding strips being bonded together to form a
20  sealed cap configuration,

b) a main longitudinally extending body portion which -
comprises a core, a lower surface member, a lower steel
sheet between said core and said lower surface member,
and two side edge members which are side members,

25 said core, lower surface member, lower metal sheet and
two side members being bonded to one another and also
being bonded to the cap section by a resin system;

C) said ski being characterized in that said main body

section with said resin system is enclosed within the cap
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section, with lower edge portions of the side members of
the cap section forming seals at lower edge portions of
the main body portion.
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