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Description

FIELD OF THE INVENTION

This invention relates to a skifor sliding on snow and,
more particularly, to a process of economically fabricat-
ing a safety strong ski.

DESCRIPTION OF THE RELATED ART

A typical example of the process of fabricating a ski
is disclosed in Japanese Patent Application Laid-Open
(Kokai) No. 3-182275 which was filed on the basis of
French Patent Application No. 89 15665 on November
22, 1989.

According to the Japanese Patent Application Laid-
Open, the prior art process starts with preparation of a
split-type mold 1, component members of the ski, a
expandable flexible tubular member 2, an upper reinforc-
ing sheet member 3 of metal and a foamable material
such as polyurethane foam. The component members
are assembled into an upper structure 4a in a cavity of
an upper mold half 5a and a lower structure 4b in a cavity
of a lower mold half 5b. The lower structure 4b has a
running surface 4c and sole edge members 4d, and will
form a hollow space 6 together with the upper structure
4b upon assembly of the split-type mold.

Before the assembly, the expandable flexible tubular
member 2 is placed on the lower structure 4b, and the
upper reinforcing sheet member 3 is laminated on the
expandable flexible tubular member 2.

The upper mold half 5a is assembled with the lower
mold half 5b. Then, the hollow space 6 takes place
between the upper structure 4a and the lower structure
4b, and the expandable flexible tubular member 2 and
the upper reinforcing sheet member 3 are confined in the
hollow space 6 as shown in figure 1A.

Subsequently, the polyurethane foam is injected into
the expandable flexible tubular member 2, and the flexi-
ble tubular member 2 expands in the hollow space 6. The
injection path is formed in the mold 1, and is usually
located at one end portion in the longitudinal direction of
the ski. The polyurethane foam topographically presses
the flexible tubular member 2 directly against the inner
surfaces of the upper/lower structures 4a/4b and through
the upper reinforcing sheet member 3 against the upper
structure 4a as shown in figure 1B. The polyurethane
foam forms a core member 7 filling the space 6.

When the polyurethane foam is cured, the
upper/lower mold halves 5a/5b are separated, and the
ski is taken out from the mold 5a/5b.

The reinforcing sheet member 3 is replaceable with
a reinforcing flexible sheet member 8 as shown in figure
2.

While an operator is assembling the upper structure
4a and the lower structure 4b, the mold halves 5a and
5b may be inverted as shown in figure 3, and prepregs
8a, 8b and 8c may be used as the reinforcing members.
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The prepregs 8a, 8b and 8c are covered into fiber-rein-
forced plastic resin layers through heat treatment.

However, the prior art process encounters a problem
in that the strength of the core member 6 is not constant.
This is because of the fact that the urethane foam does
not uniformly spread over the inner space of the mold 1.
Another reason for the insufficient strength is uncontrol-
lable expansion of the flexible tubular member 2 in the
mold 1. While the urethane foam is expanding in the flex-
ible tubular member 2, the flexible tubular member 2
moves the reinforcing member 3, and changes the orig-
inal relative location between the reinforcing member 3
and the mold 1. This results in a stress concentration and
undesirable damage of the reinforcing member 3. If the
upper and lower reinforcing members are the prepregs
8a, 8b and 8¢, void tends to take place in the fiber-rein-
forced plastic resin layers, and deteriorates the ski.

Another problem inherent in the prior art process is
the complicated mold 1 due to an injection path for the
polyurethane foam, and the complicated mold 1
increases the production cost.

Yet another problem inherent in the prior art process
is burs or residue of the polyurethane left around the
injection hole of the ski and in the mold 1. The manufac-
turer is required to remove the burs from the mold and
the ski, and the cleaning work and the elimination work
further increases the production cost.

Another prior art process of fabricating a ski is dis-
closed in Japanese Patent Application Laid-Open No. 1-
284272, and figure 4 illustrates a ski fabricated through
the second prior art fabrication process.

According to the Japanese Patent Application Laid-
Open, an upper structure 10a and a lower structure 10b
are separately assembled. A core member 10¢, an upper
reinforcing member 10d of fiber-reinforced plastic resin
laminated on the upper and side surfaces of the core
member 10¢ and an inverted U-shaped surface member
10e encapsulating the upper reinforcing member 10d
and the core member 10c¢ form in combination the upper
structure 10a. On the other hand, the lower structure 10b
includes a lower reinforcing member 10f of fiber-rein-
forced plastic resin, a sliding plate member 10g attached
to the lower surface of the lower reinforcing member 10f
and sole edge members 10h attached to both sides of
the sliding plate member 10g.

At least one of the upper and lower reinforcing mem-
bers 10d and 10f is a laminations of bias sheets, and the
reinforcing fibers of the bias sheets extend at 45 degrees
and at -45 degrees with respect to the longitudinal direc-
tion of the ski. The bias sheets enhance the torsional
rigidity of the ski.

The upper and lower structures 10a and 10b thus
prepared are bonded in such a manner that the lower
surface of the core member 10¢ is held in contact with
the upper surface of the lower reinforcing member 10f.

The second prior art process may be free from the
problems due to the injection of the polyurethane. How-
ever, a problem is encountered in the second fabrication
process in that the upper structure is liable to be sepa-
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rated from the lower structure due to sharing force
resulted from undesirable large bending during the slid-
ing on snow. This is dangerous.

SUMMARY OF THE INVENTION

It is therefore an important object of the present
invention to provide a process which economically fabri-
cate a safety strong ski.

To accomplish the object, the present invention pro-
poses to internally produce foam from a foamable gum
substance.

In accordance with the present invention, there is
provided a process of fabricating a ski comprising the
steps of: a) preparing a mold having a hollow space sim-
ilar in configuration to the ski, a first member for providing
an outer surface of the ski, a second member for a rein-
forcing component, a third member of foamable gum
substance and components of a lower structure for pro-
ducing sole edges and a sliding surface; b) assembling
the second member and the third member with the first
member and the components of the lower structure in
the hollow space; ¢) foaming the foamable gum sub-
stance so as to expand in a space defined by the first
member and the lower structure; d) setting the foam so
astofill the space with a core member and the reinforcing
component, thereby completing the ski; and e) taking out
the ski from the mold.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the process of fab-
ricating a ski according to the present invention will be
more clearly understood from the following description
taken in conjunction with the accompanying drawings in
which:

Figs. 1A and 1B are cross sectional views showing
the prior art process disclosed in Japanese Patent
Application Laid-Open No. 3-182275;

Fig. 2 is a cross sectional view showing the alterna-
tive step of the prior art fabrication process;

Fig. 3 is a cross sectional view showing the alterna-
tive step of the prior art fabrication process;

Fig. 4 is a cross sectional view showing the ski fab-
ricated through the prior art fabrication process dis-
closed in Japanese Patent Application Laid-Open
No. 1-284272;

Fig. Sis a cross sectional view showing the structure
of a ski fabricated through a process according to
the present invention;

Figs. 6A to 6C are cross sectional views showing a
fabrication sequence of a process according to the
present invention;

Fig. 7 is a cross sectional view showing a core struc-
ture incorporated in a ski fabricated through a first
modification of the process described in conjunction
with figures 6A to 6C;
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Fig. 8 is a cross sectional view showing a core struc-
ture incorporated in a ski fabricated through a sec-
ond modification;

Fig. 9is a cross sectional view showing a core struc-
ture incorporated in a ski fabricated through a third
modification;

Fig. 10 is a cross sectional view showing a core
structure incorporated in a ski fabricated through a
fourth modification;

Fig. 11 is a side view showing a core structure incor-
porated in a ski fabricated through a fifth modifica-
tion;

Figs. 12A to 12D are schematic views showing mod-
ifications of a partition sheet;

Fig. 13 is a cross sectional view showing the struc-
ture of a ski fabricated through a process according
to the present invention;

Figs. 14A to 14D are views showing a process
sequence for fabricating the ski shown in figure 13.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

First Embodiment

Referring first to figure 5 of the drawings, a ski 20
fabricated through a process embodying the present
invention comprises a generally inverted U-shaped sur-
face member 21 defining an upper surface and side sur-
faces of the ski 20, and embosses 21a and 21b are
formed in the upper portion of the surface member 21.
The embosses 21a and 21b extend in a longitudinal
direction of the ski 20. The surface member 21 is, by way
of example, formed of polyamide elastomer, PET resin,
ABS resin, polyvinyl chloride or ionomer.

The ski 20 further comprises a sliding surface mem-
ber 22 providing a lower surface of the ski 20 and sole
edge members 23a and 23b attached to both sides of
the sliding surface member 22. The sliding surface mem-
ber 22 is formed of polyethylene, and a skier presses the
sliding surface member 22 to snow. The generally
inverted U-shaped surface member 21 is terminated at
both sides thereof at the sole edge members 23a and
23b, and is integral with the sole edge members 23a and
23b. The generally inverted U-shaped surface member
21, the sliding surface member 22 and the sole edge
members 23a and 23b form an inner space.

The ski 20 further comprises a core member 24
formed from foamable substance, a partition sheet 25
topographically enclosing the core member 24 and a
reinforcing member 26 of fiber-reinforced plastic resinfill-
ing a gap between the inner surface of the generally
inverted U-shaped surface member 21 and the core
member 24.

The combined structure of the generally inverted U-
shaped surface member 21, the core member 24, the
partition sheet 25 and the reinforcing member 26 is made
from an upper structure 27 as will be described herein-
later. On the other hand, the sliding surface member 22
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and the sole edge members 23a and 23b as a whole con-
stitute a lower structure 28.

Description is hereinbelow made on the process
embodying the present invention. The process starts
with preparation of the members of the upper and lower
structures 27 and 28 and a split-type mold 29. The split-
type mold 29 is constituted by molding halves 29a and
29b, and the molding halves 29a and 29b are separated
from one another for assembling the upper and lower
structures 27 and 28 in cavities 29¢/29d of the molding
halves 29a/29b. Namely, an elongated piece 31 of foam-
able gum substance is partially wrapped in the partition
sheet 25, and the elongated piece 31 of foamable gum
substance and the partition sheet 25 is enclosed in araw
member 32 for the fiber-reinforced plastic resin. The par-
tition sheet 25 is shorter than the periphery of the elon-
gated piece 31 of foamable gum substance. In this
instance, matrix fibers of the raw member 32 is in the
same synthetic resin system as the foamable gum sub-
stance, and the adhesion is enhanced because of the
concurrent thermo-set.

The term "foamable gum substance” means sub-
stance which is plastically deformable at room tempera-
ture and foamable at a temperature higher than the room
temperature.

In this instance, the raw member 32 is shaped into
a tubular configuration, and the tubular configuration
enhances the torsional rigidity of the raw member 32.
The tubular raw member 32 is formed from a lamination
of non-set matrix fibers and reinforcing fibers or a pre-
preg where matrix resin is impregnated into reinforcing
fibers. The matrix resin is, by way of example, formed of
thermosetting synthetic resin such as, for example,
epoxy, vinyl ester resin, polyester resin. Thermoplastic
resin is also available for the matrix, and the non-set
matrix may be in the form of pellet or powder. The rein-
forcingfibers are, by way of example, carbonfibers, glass
fibers, aramid fibers or metallic fibers, these fibers may
be selectively mixed.

The first example of the foamable gum substance is
in the epoxy system, and contains 40 parts by weight of
bisphenol A liquid epoxy resin, 60 parts by weight of
bisphenol A solid epoxy resin, 10 parts by weight of set-
ting agent such as, for example, dicyan-diamide, 8 parts
by weight of setting promoter such as, for example,
dichlorophenyl-dimethylurea and 30 parts by weight of
foaming agent such as thermal expansion micro-cap-
sules. The expansion ratio is regulated to 8.

The second example of the foamable gum sub-
stance is in the epoxy system, and contains 50 parts by
weight of bisphenol A liquid epoxy resin, 50 parts by
weight of bisphenol A solid epoxy resin, 18 parts by
weight of setting agent, i.e., 8 parts by weight of amine
adduct and 10 parts by weight of dicyandiamide (DICY)
and 8 parts by weight of foaming agent such as, for
example, hydroxybenzenesulfonilhydrazide (OBSH).
The expansion ratio is regulated to 8. The second exam-
ple may further contain 8 parts by weight of foaming pro-
moter in urea system so as to lower the foaming
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temperature, and 5 parts by weight of protecting agent
such as, for example, barium stearate or polysiloxane
bonded to organic functional group so as to prevent cells
from breakage during the foaming stage.

The third example of the foamable gum substance
is the epoxy system, and contains 100 parts by weight
of bisphenol A liquid epoxy resin, 20 parts by weight of
latent low-temperature setting agent such as amine
adduct and 8 parts of foaming agent such as, for exam-
ple, hydroxybenzenesulfonilhydrazide (OBSH). The
foaming is carried out around 80 degrees centigrade for
10 minutes, and, thereafter, the foam is cooled. The
expansion ratio is regulated to 8. The third example may
further contain 8 parts by weight of foaming promoter in
urea system so as to lower the foaming temperature.

The fourth example of the foamable gum substance
is in the polyester system, and contains 100 parts by
weight of unsaturated polyester resin, 20 parts by weight
of setting catalyst such as peroxide, 30 parts by weight
of thermally expanding micro-capsules and 3 parts of
viscosity increaser such as, for example, calcium hydrox-
ide. The expansion ratio is also regulated to 8.

Glass balloon, ceramic balloon or phenol balloon
may be added to the first to fourth examples of the foam-
able gum substance so as to increase the volume of the
elongated piece 31 of foamable gum substance. When
the balloon is added, the density of foamable gum sub-
stance is preferably regulated to 0.65. The amount of
foamable gum substance in the cavity 29¢ is regulated
in such a manner as to generate pressure ranging from
8 kg/cm2 to 10 kg/cm?2.

The partition sheet 25 is, by way of example, formed
of valcanized gum, elastomer in urethane system, elas-
tomer in ester system or elastomer in polyamide system.
The gum or the elastomer is required to be not less than
100 percent in elongation percentage before break, not
less than 10 MPa in tensile strength, not less than 130
degrees centigrade in fusion point and 0.05 to 0.40 mil-
limeter in thickness. If a substance has the elongation
percentage not less than 200 percent and the tensile
strength not less than 20 MPa, the substance is more
preferable.

On the other hand, the sole edge members 23a/23b
are assembled with the sliding surface member 22 in the
cavity of the molding half 29b. The resultant structure at
the assembling stage is illustrated in figure 6A.

Subsequently, the molding halves 29a and 29b are
assembled, and the upper and lower structures 27 and
28 are confined in an inner space formed by the cavities
29¢ and 29d as shown in figure 6C.

The mold 29 is heated to 120 degrees centigrade,
and is maintained for 35 minutes. Then, the heat foams
the gum substance, and converts the raw member 25 to
the reinforcing member 26 of fiber-reinforced plastic
resin. While the foam is expanding in the inner space of
the mold 29, the partition sheet 25 and the raw member
32 are outwardly moved, and are pressed to the inner
surface of the surface member 21. Therefore, the rein-
forcing member 26 is topographical along the inner sur-
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face of the surface member 21, and the reinforcing
member 25, the partition sheet 25 and the core member
24 fill the inner space among the surface member 21,
the sliding surface member 22 and the sole edge mem-
bers 23a/23b.

The elongated piece 31 of foamable gum substance
occupies the inner space among the surface member 21,
the sliding surface member 22 and the sole edge mem-
bers 23a and 23b, and uniformly supplies the foam. As
a result, a void hardly takes place in the core member
24, and the core member 24 provides uniform strength
along the longitudinal direction. Moreover, the air in the
cavities is evacuated through abutting surfaces of the
molding halves 29a and 29b before the foaming,
because the raw member 32 encloses the elongated
piece 31 of foamable gum substance. The partition sheet
25 causes the reinforcing member 26 to be closely held
in contact with the inner surface of the surface member
21, and the matrix of the reinforcing member 26 is
merged with the core member 24 because of the same
synthetic resin system.

An injection hole and a vent are not necessary, and
the mold 29 is simpler than the mold 1. The economical
mold decreases the production cost of the ski 20.

The surface member 21 is integrated with the lower
structure 28 during the heat treatment, and is never sep-
arated from the lower structure 28 during the skiing.

When 35 minutes pass, the foam is thermally set,
and is converted to the core member 24. The core mem-
ber 24, the partition sheet 25 and the reinforcing member
26 snugly fill the inner space of the mold 29, and the sur-
face member 21 is integrated with the lower structure 28.
The mold 29 is cooled by using water at 15 degrees cen-
tigrade for 10 minutes, and reaches room temperature
equal to or less than 30 degrees centigrade. The ski 20
is completed in the mold 29 as shown in figure 6C, and
the molding halves 29a and 29b are separated so as to
take out the ski 20 from the mold 29.

The foam is internally produced in the mold 29, and
the ski 20 is free from a burr due to the injection. A grind-
ing stage for the burr is not necessary, and the production
cost is further decreased.

As will be understood from the foregoing description,
the foam uniformly generated from the gum substance
eliminates a void from the core member 24, and the ski
20 is stronger than the prior art ski. The gum substance
is exactly placed in the mode, and, accordingly, the foam
uniformly presses the other components such as the raw
member 32 to the inner surface of the surface member
21 and the sliding surface member 22 without undesira-
ble movement. This feature further enhances the
strength of the ski. The mold is simple, and no additional
work is necessary for a burr. This results in reduction of
the production cost. The ski 20 integrated in the mold 29
is free from undesirable separation, and is safety.

Various modifications are described as follows. First,
two kinds of foamable gum substance may be used for
two-layered core member structure made from a lami-
nated structure 41a/41b of foamable gum substance.
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The core members are different in compressive rigidity.
A lower elongated piece 41b of foamable gum produces
foam for the hard core member, and an upper elongated
piece 41a of foamable gum generates foam for the soft
core member. The hard core member maintains a
smooth sliding surface, and the soft core member takes
up the shock from the snow ground to the skier.

Figure 8illustrates a second modification, and a core
structure is constituted by soft and hard core members
arranged in parallel. The soft core member is made from
an elongated piece 42a of first kind of foamable gum sub-
stance, and occupies the outside of the ski. On the other
hand, the hard core member is made from an elongated
piece 42b of second kind of foamable gum substance,
and occupies the inside of the ski. The ski equipped pro-
vides a sharp inside edging and a soft outside edging to
a skier.

Figure 9 illustrates a third modification, and a hard
core member is sandwiched between soft core mem-
bers. The hard core member is made from an elongated
piece 43a of first kind of foamable gum substance, and
the soft core members are made from elongated pieces
43b and 43c of second kind of foamable gum substance.
The hard core member maintains a smooth sliding sur-
face, and the soft core members provides the soft
inside/outside edging to a skier.

Figure 10 illustrates a fourth modification, and a soft
core member is wrapped by a hard core member. The
soft core member is made from an elongated piece of
second kind of foamable gum substance, and the hard
core member is made from an elongated tube 44b of first
kind of foamable gum substance. The hard core member
maintains a smooth sliding surface, and the soft core
member makes the ski light.

Figure 11 illustrates a fifth modification, and soft core
members are merged with the front end portion and the
rear end portion of a hard core member. The hard core
member is made from an elongated piece 45a of firstkind
of foamable gum substance, and the soft core members
are made from elongated pieces 45b and 45¢ of second
kind of foamable gum substance. The soft core members
provide easily deformable front and rear end portions to
the ski, and makes the ski light. On the other hand, the
hard core member in the central portion of the ski
improves the durability of the ski. The soft core members
contiguous to the hard core member change the flex pat-
tern of the ski.

If the expansion ratio or the blending ratio of the
foaming agent is differently regulated, the foaming gum
substance is converted to both soft and hard core mem-
bers, and the soft and hard core members are different
in compressive rigidity.

Thus, the soft and hard core members allows the
manufacturer to arbitrarily requlate the characteristics of
the ski.

Although the partition sheet 25 partially wraps the
elongated piece 31 of foamable gum substance except
for the central area of the bottom surface, various mod-
ifications are employable as shown infigures 12A to 12D.



9 EP 0 699 458 A2 10

In detail, figure 12A shows the first modification 46a
of the partition sheet 25. The first modification 46a
extends on the upper surface of the elongated piece 31,
and both side portions covers both upper corners 31a
and 31b of the elongated piece 31.

The second modification is implemented by two
parts 46. One of the two parts 46 extends from the upper
corner 31a through the left side surface to the lower cor-
ner 31¢, and the other part 46 covers the other upper
corner 46b, the right side surface and the lower corner
31d.

The third modification 46¢ simply covers the upper
surface of the elongated piece 31 of foamable gum sub-
stance.

The fourth modification is implemented by three
parts 46d. The first part 46d is similar to the first modifi-
cation 46a, and the second and third parts 46d covers
the lower corners 31¢ and 31d.

In the first embodiment, the raw member 32 is
shaped into a tubular configuration. There are various
modifications of the raw member 32 for the fiber-rein-
forced plastic resin. The first modification of the raw
member 32 is a flexible sheet, and the flexible sheet is
wound on the entire surface of the elongated piece 31.
In this modification, it is recommendable to use matrix
fibers of the flexible sheet formed of the same synthetic
resin system such as, for example, epoxy resin system
as the foamable synthetic resin, because the flexible
sheet is thermally set concurrently to the foam made
from the elongated piece 31, thereby enhancing the
adhesion between the reinforcing member 26 and the
partition sheet 25.

Second Embodiment

Figure 13 illustrates the structure of a ski fabricated
through a process embodying the present invention. The
ski largely comprises an upper structure 51 and a lower
structure 52, and the upper structure 51 is integral with
the lower structure 52.

The upper structure 51 includes a surface member
51a shaped into a generally inverted U-configuration, a
reinforcing member 51b of fiber-reinforced plastic resin
and a core member 51¢ of foam plastic resin. The rein-
forcing member 51b is closely held in contact with the
inner surface of the surface member 51a, and the core
member 51¢ is snugly received in an inner space of the
reinforcing member 51b.

The lower structure 52 includes a sliding surface
member 52a and sole edge members 52b and 52¢
attached to both sides of the sliding surface member 52a.
The bottom surface of the sliding surface portion 52a is
pressed against snow, and slides on the snow ground.
The sliding surface member 52a is formed of high molec-
ular polyethylene resin, and the polyethylene resin tends
to be deformed over 120 degrees centigrade.

The lower portion of the reinforcing member 51b is
fixed to the upper surface of the sliding surface member
52a, and the side portions of the surface member 51a
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arefixed to the upper surfaces of the sole edge members
52b and 52¢, respectively. Thus, the upper structure 51
is integrated with the lower structure 52.

The process sequence is described hereinbelow
with reference to figures 14A to 14D. The process starts
with preparation of a mold 53, the surface member 51a,
an elongated piece 55 of foamable gum substance, a
flexible matrix sheet 55a, a tubular fabric member 55b
made from reinforcing fibers, the sliding surface member
52a and sole edge members 52b and 52¢. The foamable
gum substance is plastically deformable at room temper-
ature, and heat foams the foamable gum substance. The
tubular fabric member 55b may contain reinforcing fibers
woven into a tube. In this instance, the flexible matrix
sheet 55a and the tubular fabric member 55b form in
combination a raw member 55 for the reinforcing mem-
ber 51¢.

The surface member 51a is, by way of example,
formed of polyamide elastomer, PET resin, ABS resin,
polyvinyl chloride or ionomer.

The matrix resin is thermo-setting synthetic resin
good in tack and drape at room temperature, and viscos-
ity is preferably 10,000 cp at 60 degrees centigrade and
hundreds cp at 110-120 degrees centigrade. Nylon and
polycarbonate are not available, because they are solid
at 120 degrees centigrade.

Although the reinforcing fibers are woven into the
tube of the tubular fabric member 55b, a non-woven fab-
ric is available, and the configuration is not limited to the
tube. The reinforcing fibers are, by way of example, car-
bon fibers, glass fibers, aramid fibers or metallic fibers,
or these fibers may be selectively mixed.

The first example of the foamable gum substance is
in the epoxy system, and contains 50 parts by weight of
bisphenol A liquid epoxy resin, 60 parts by weight of
bisphenol A solid epoxy resin, 10 parts by weight of set-
ting agent such as, for example, dicyan-diamide, 8 parts
by weight of setting promoter such as, for example,
dichlorophenyl-dimethylurea and 30 parts by weight of
foaming agent such as thermal expansion micro-cap-
sules. The expansion ratio is regulated to 8.

The second example of the foamable gum sub-
stance is in the epoxy system, and contains 50 parts by
weight of bisphenol A liquid epoxy resin, 50 parts by
weight of bisphenol A solid epoxy resin, 18 parts by
weight of setting agent, i.e., 8 parts by weight of amine
adduct and 10 parts by weight of dicyandiamide (DICY)
and 8 parts by weight of foaming agent such as, for
example, hydroxybenzenesulfonilhydrazide (OBSH).
The expansion ratio is regulated to 8. The second exam-
ple may further contain 8 parts by weight of foaming pro-
moter in urea system so as to lower the foaming
temperature, and 5 parts by weight of protecting agent
such as, for example, barium stearate or polysiloxane
bonded to organic functional group so as to prevent cells
from breakage during the foaming stage.

The third example of the foamable gum substance
is the epoxy system, and contains 100 parts by weight
of bisphenol A liquid epoxy resin, 20 parts by weight of
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latent low-temperature setting agent such as amine
adduct and 8 parts of foaming agent such as, for exam-
ple, hydroxybenzenesulfonilhydrazide (OBSH). The
foaming is carried out around 80 degrees centigrade for
10 minutes, and, thereafter, the foam is cooled. The
expansion ratio is regulated to 8. The third example may
further contain 8 parts by weight of foaming promoter in
urea system so as to lower the foaming temperature.

The fourth example of the foamable gum substance
is in the polyester system, and contains 100 parts by
weight of unsaturated polyester resin, 20 parts by weight
of setting catalyst such as peroxide, 30 parts by weight
of thermally expanding micro-capsules and 3 parts of
viscosity increaser such as, for example, calcium hydrox-
ide. The expansion ratio is also regulated to 8.

Glass balloon, ceramic balloon or phenol balloon
may be added to the first to fourth examples of the foam-
able gum substance so as to increase the volume of the
elongated piece 54 of foamable gum substance. When
the balloon is added, the density of foamable gum sub-
stance is preferably regulated to 0.65. The amount of
foamable gum substance in the cavity 53¢ is regulated
in such a manner as to generate pressure ranging from
8 kg/cm2 to 10 kg/cm?2.

The elongated piece 54 of foamable gum substance
is inserted into an inner space of the tubular fabric mem-
ber 55b, and the flexible matrix sheet 55a is wound on
the tubular fabric member 55b as shown in figure 14A.

Subsequently, the surface member 513, the flexible
matrix sheet 55a and the tubular fabric member 55b lam-
inated on the elongated piece 54, the sliding surface
member 52a and the sole edge members 52b and 52¢
are assembled in the mold 53 as shown in figure 14B.

The mold 53 is a split-type, and molding halves 53a
and 53b constitute the split-type mold 53. The molding
half 53a has a cavity 53¢ corresponding to the outer con-
figulation of the upper structure 51, and a cavity 53d in
the other molding half 53d corresponds to the outer con-
figuration of the lower structure 52. The surface member
51ais inserted into the cavity 53¢, and the flexible matrix
sheet 55a and the tubular fabric member 55b wound on
the elongated piece 54 is put on the inner surface of the
surface member 51a. On the other hand, the sliding sur-
face member 52a is placed in the cavity 53d, and the sole
edge members 52b and 52c¢ are provided in the gaps
between the molding half 53b and the sliding surface
member 52a. Although figure 14B illustrates the molding
half 53b over the molding half 53a, the molding halves
53a adn 53b may be placed on a working table in such
a manner as to upwardly direct the cavities 53¢ and 53d
during the asemblage.

The molding halves 53a and 53b are opposed to
each other as shown in figure 14B, and are assembled
together. The mold 53 is enclosed in a flexible package
56, and is sealed therein. The inner space of the flexible
package 56 is conencted to a vacuum source 57, and
the air is evacuated from the inner space of the flexible
package 56. As a result, the molding halves 53a and 53b
are closely assembled inside the flexible package 56.
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The flexible package 56 is, by way of example,
formed of polyamide resin or from a lamination of polya-
mide resin/polyethylene, EVA resin/polyethylene, polya-
mide resinfionomer or polyamide/EVA resin.

Higher vacuum promotes the impregnation of the
melted matrix resin into the reinforcing fibers, and is
desraible. In practical vacuum stage, the vacuum is
developped at -755 mm/Hg inside the flexible package
56.

The mold 53 is heated to 100 - 120 degrees centi-
grade in vacuum for 35 minutes. The heat foams the
elongated piece 54, and the foam outwardly presses the
tubular fabric member 55b to the flexible matrix sheet
55a. The heat further melts the flexible matrix sheet 54a,
and the tubular fabric member 55b is impregnated with
the matrix resin. The foam further presses the tubular
fabric member 55b impregnated with the matrix resin to
expand, and presses the tubular fabric member 55b
against the surface member 51a, the sliding surface
member 52a and the sole edge members 52b and 52¢.
The foam is hardened, and is coverted to the core mem-
ber 51c. The mold 53 is cooled in water at 15 degrees
centigrade for 10 minutes. The tubular fabric member
55b impregnated with the matrix resin is hardened, and
the reinforcing member 51b fills the gap between the
core member 51¢ and the surface member 51a/the slid-
ing surface member 52a/the sole edge members 52b
and 52¢ as shown in figure 14D.

The sliding surface member 52a of high molecular
polyethylene resin sets the limit on the highest tempera-
ture of the heat treatment, and the tubular fabric member
55b is expected to be impregnated with the matrix resin
atnot higher than 120 degrees centigrade. If the reinforc-
ing member 51b is made from a prepreg, the reinforcing
fibers may not sufficiently impregnated with the matrix
resin at 120 degrees. However, the flexible matrix sheet
55a is melted and sufficiently impregnated into the rein-
forcing fibers by virtue of the laminated structure.

The mold 53 is taken out from the package 56, and
the molding halves 53a and 53b are separated from one
another. The ski shown in figure 13 is completed in the
cavity 53c.

A press machine may presses the molding halves
53a and 53b to each other during the heat treatment.
The pressing conditions are 2 kg/cm2 x 2 minutes as an
open pressure and 10 - 12 kg/cm? x ST as a main pres-
sure. ST means time period for setting the resin.

The elongated piece 54 may be formed of more than
one kind of foamable gum substance as similar to the
first embodiment. Matrix resin sheets may be attached
to the components of the upper/lower structures 51 and
52 instead of the flexible matrix sheet wound on the elon-
gated piece 54.

As will be appreciated from the foregoing descrip-
tion, the elongated piece 54 of foamable gum substance
internally produces the foam, and all the advantages of
the first embodiment is also achieved by the second
embodiment. The elongated piece 54 is inserted into the
tubular fabric member 55b, and the relative position ther-
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ebetween is hardly varied in the mold 53. Even if the
elongated piece 54 is not a simple configuration, the
tubular fabric member 55b follows the elongated piece
54, and topographically wound on the elongated piece
54. Therefore, the reinforcing fibers of the member 51b
are oriented to designed direction or directions, and rel-
atively small amount of reinforcing fibers imparts large
strength to the ski. The sliding surface member 52a and
the sole edge members 52b and 52¢ are hardly sepa-
rated from the core member 51¢, because they are inte-
grated in the mold 53.

If a sleeve-shaped bias sheet made from glass fibers
is used as the raw member for enhancing the torsional
rigidity of the ski, liquid foamable substance hardly
makes the bias sheet conformal to a complicated inner
surface of the mold, because the pressure passes
through the sleeve-shaped bias sheet to the complicated
inner surface of the mold. However, the foamable gum
substance effectively presses the sleeve-shaped bias
sheet against the complicated inner surface of the mold,
and causes the sleeve-shaped bias sheet to become
conformal to the complicated inner surface of the mold.
This results in large mechanical strength.

Although particular embodiments of the present
invention have been shown and described, it will be obvi-
ous to those skilled in the art that various changes and
modifications may be made without departing from the
spirit and scope of the present invention.

For example, the process parameters are variable
depending upon the substances of the components. The
sliding surface member is usually formed of high molec-
ular polyethylene resin, and the mold is heated to any
temperature in so far as the sliding surface member is
not deformed due to the heat.

Additional components may further incorporated in
the ski.

It should be noted that the objects and advantages
of the invention may be attained by means of any com-
patible combination(s) particularly pointed out in the
items of the following summary of the invention and the
appended claims.

Summary of the invention

1. Aprocess of fabricating a ski comprising the steps
of:

a) preparing a mold (29; 53) having a hollow
space (29¢/29d; 53¢/53d) similar in configura-
tion to said ski, a first member (21; 51a) for pro-
viding an outer surface of said ski, a second
member (32; 55) for a reinforcing component
(26; 51b), a third member (31; 54) of foamable
gum substance and components (22/23a/23b;
52a/52b/52c¢) of a lower structure (28; 52) for
producing sole edges and a sliding surface;

b) assembling said second member (32; 55)
and said third member (31;54) with said first
member (21; 51a) and the components
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(22/23a/23b; 52a/52b/52¢) of said lower struc-
ture (28; 52) in said hollow space;

c¢) foaming said foamable gum substance so as
to expand in a space defined by said first mem-
ber (21a; 51a) and said lower structure (28; 52);
d) setting the foam so as to fill said space with
a core member (24; 51¢) and said reinforcing
component (26; 51b), thereby completing said
ski; and

e) taking out said ski from said mold (29; 53).

2. The process in which said third member (32) of
foamable gum substance has a plurality of sub-
members (41a/41b; 42a/42b; 43a/43b/43c;
44a/44b; 45a/45b/45¢) so as to produce a plurality
of core sub-members different in compressive rigid-

ity.
3. The process in which one of said plurality of sub-
members (41a/41b; 42a/42b; 43a/43b/43c;

44a/44b; 45a/45b/45c) is differently regulated in
expansion ratio from another of said plurality of sub-
members (41a/41b; 42a/42b; 43a/43b/43c;
44a/44b; 45a/45b/45c).

4. The process in which said one of said plurality of
sub-members (41a/41b; 42a/42b; 43a/43b/43c;
44a/44b; 45a/45b/45¢) contains foaming agent dif-
ferent in content of said foamable gum substance
from foaming agent of said another of said plurality
of sub-members (41a/41b; 42a/42b; 43a/43b/43c;
44a/44b; 45a/45b/45c).

5. The process in which an expansible partition
sheet (25) shorter in periphery than the periphery of
said third member (31) is further prepared in said
step a), and said expansible partition sheet (25) is
provided between said second member (32) and
said third member (31) in said step b).

6. The process in which said second member (55)
includes a tubular fabric member (55b) containing
reinforcing fibers and a flexible sheet (55a) of matrix
resin wound on said tubular fabric member (55b),
and said third member 54 is inserted into an inner
space of said tubular fabric member (55b).

7. The process in which said step (c) includes the
sub-steps of

c¢-1) wrapping said mold (53) in a flexible pack-
age (56),

¢-2) developing vacuum in said flexible package
(56),

¢-3) heating said mold (53).

8. The process in which said mold (53) is heated to
afirst temperature lower than a second temperature
at which the component (52a) for said sliding surface
is thermally deformed.



15 EP 0 699 458 A2 16

Claims

A process of fabricating a ski comprising the steps
of:

a) preparing a mold (29; 53) having a hollow
space (29¢/29d; 53¢/53d) similar in configura-
tion to said ski, a first member (21; 51a) for pro-
viding an outer surface of said ski, a second
member (32; 55) for a reinforcing component
(26; 51b), a third member (31; 54) of foamable
gum substance and components (22/23a/23b;
52a/52b/52¢) of a lower structure (28; 52) for
producing sole edges and a sliding surface;

b) assembling said second member (32; 55)
and said third member (31;54) with said first
member (21; 51a) and the components
(22/23a/23b; 52a/52b/52c¢) of said lower struc-
ture (28; 52) in said hollow space;

¢) foaming said foamable gum substance so as
to expand in a space defined by said first mem-
ber (21a; 51a) and said lower structure (28; 52);
d) setting the foam so as to fill said space with
a core member (24; 51¢) and said reinforcing
component (26; 51b), thereby completing said
ski; and

e) taking out said ski from said mold (29; 53).

The process as set forth in claim 1, in which said
third member (32) of foamable gum substance has
a plurality of sub-members (41a/41b; 42a/42b;
43a/43b/43c; 44a/44b; 45a/45b/45¢) so as to pro-
duce a plurality of core sub-members different in
compressive rigidity.

The process as set forth in claim 2, in which one of
said plurality of sub-members (41a/41b; 42a/42b;
43a/43b/43c; 44a/44b; 45a/45b/45¢) is differently
regulated in expansion ratio from another of said plu-
rality of sub-members (41a/41b; 42a/42b;
43a/43b/43c; 44a/44b; 45a/45h/45¢).

The process as set forth in claim 3, in which said one
of said plurality of sub-members (41a/41b; 42a/42b;
43a/43b/43¢; 44a/44b; 45a/45b/45¢) contains foam-
ing agent different in content of said foamable gum
substance from foaming agent of said another of
said plurality of sub-members (41a/41b; 42a/42b;
43a/43b/43c; 44a/44b; 45a/45h/45¢).

The process as set forth in claim 1, in which an
expansible partition sheet (25) shorter in periphery
than the periphery of said third member (31) is fur-
ther prepared in said step a), and said expansible
partition sheet (25) is provided between said second
member (32) and said third member (31) in said step
b).

10

15

20

25

30

35

40

45

50

55

6.

The process as set forth in claim 1, in which said
second member (55) includes a tubular fabric mem-
ber (55b) containing reinforcing fibers and a flexible
sheet (55a) of matrix resin wound on said tubular
fabric member (55b), and said third member 54 is
inserted into an inner space of said tubular fabric
member (55b).

The process as set forth in claim 1, in which said
step (c) includes the sub-steps of

c¢-1) wrapping said mold (53) in a flexible pack-
age (56),

¢-2) developing vacuum in said flexible package
(56),

¢-3) heating said mold (53).

The process as set forth in claim 7, in which said
mold (53) is heated to a first temperature lower than
a second temperature at which the component (52a)
for said sliding surface is thermally deformed.

A process of fabricating a ski comprising the steps
of:

a) preparing a mold (29; 53) having a first mem-
ber (21; 51a) for providing an outer surface of
said ski, a second member (32; 55) for a rein-
forcing component (26; 51b), and

a third member (31; 54) of foamable gum sub-
stance

b) assembling said second member (32; 55)
and said third member (31;54) with said first
member (21; 51a) and

c) taking out said ski from said mold (29; 53).
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