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(57) ABSTRACT 

A mold and construction method for forming aquatic sports 
boards is provided. The method and molds provide skin and 
interior core structures made shape-adjustable by a pre 
molded perimeter rail. Division(s) in the structural exterior 
skin alloW the skin core to be trimmed and bonded to a 
variety of convex, shape-de?ning core structures to produce 
a plurality of di?cerent shapes. A reusable shape-de?ning 
mold alloWs the board structure to be modi?ed in shape. The 
mold is reversible and male/female con?gurations produce 
convex, shape-de?ning board substrates for a Wide array of 
custom designs. 
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SHAPE-ADJUSTABLE MOLD, SKIN AND 
INTERIOR-CORE STRUCTURES FOR CUSTOM 

BOARD PRODUCTION 

RELATED APPLICATION 

[0001] This application is a continuation-in-part of US. 
Pat. No. 6,623,323 issued Sep. 23, 2003, Which claims 
priority from US. provisional application 60/176,136 ?led 
Jan. 14, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to methods and apparatus 
used in the design and manufacture of surfboards, sailboards 
or similar aquatic boards, referred to generically herein as 
“board” or “boards.” 

[0004] 2. Description of the Related Art 

[0005] Surfboards and sailboards are similar in shape and 
basic structureithe board typically has a high strength 
exterior skin covering that protects and is supported by very 
loW-density material in the interior core; in construction, 
moldable plastic is used for the compound curvatures and 
sharp trailing edge contours conducive to a loW-drag hydro 
dynamic shape; the board’s primary strength is usually 
derived from a Woven fabric, made from high-strength glass, 
carbon or aramid ?ber, that is imbedded in the plastic to 
form a ?ber-reinforced plastic or plastic composite skin. 

[0006] The composite skin, Which is very thin, can be 
reinforced With specially manufactured high-density PVC 
sheet foam, end-grain balsa or honeycomb core materials to 
form a “structural sandWich” or “cored composite.” The 
stilf, lightWeight core material, used as a substrate to sepa 
rate the high-strength composite layers on either side, cre 
ates a fundamentally different structureithe sandWiched 
core delivers the stiffness and rigidity of much thicker 
material, but at a fraction of the Weight, and provides the 
impact resistance and compressive strength the very thin 
layers of plastic composite lack. 

[0007] The composite core materials and reinforcing fab 
rics impart a high degree of stiffness and very high strength 
but, unlike the Weaker plastics and foamed plastics With 
Which they are combined, have a limited capacity to con 
form to compound curvature (i.e., a surface that curves in 
tWo directions at once). Where the curvature is severe, 
divisions are necessary to prevent structural defects such as 
Wrinkles in the reinforcing fabric, or the breakage and/or 
failure of the core material to conform to the required shape. 
Since a break in the continuity of either material causes a 
large reduction in strength, the placement of a divisioni 
usually referred to as a joint or seamiis critical to the 
overall structural integrity of the board. 

[0008] Currently, With molded methods of production, or 
in custom “one-o?‘” manufacture (i.e., When the board is 
fabricated by hand), a joint or seam is required to accom 
modate the sharp curvature at the board’s perimeter edge or 
“rail”ithis division creates a number of seemingly unre 
lated but very serious problems, Which increase manufac 
turing costs and seriously compromise the board’s potential 
strength. 
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[0009] In prior art molded manufacture, for example, the 
sharp curvature around the board’s perimeter edge com 
pounds a number of very basic draWbacks inherent in the 
mold’s concave con?guration itselfithe structural prob 
lems and high manufacturing costs that result make the 
concave female mold of the prior art fundamentally unsuited 
for board production. The problems begin With the mold’s 
inWard curving surface: When the reinforcing fabric is 
saturated by hand, the resin naturally tends to How out of the 
?ber and pools in the concave cavity of the mold; the mold’s 
sharp edge contours then create a dam that makes it very 
dif?cult for the squeegee to completely remove the excessi 
the result is a Weak, heavy resin-rich skin. In areas of severe 
concave curvature, Wrinkles in the reinforcing fabric easily 
occur, and are dif?cult or impossible to removeipulling the 
fabric taut tends to lift it from the surface of the mold; 
pushing on the fabric is analogous to pushing on a string, and 
causes Wrinkles to (re)appear. 

[0010] To minimize the above problems, in the prior art 
the mold is divided into top and bottom halves; With the 
relatively ?at and shalloW surface the fabric is easily aligned 
and much of the excess resin can be successfully removedi 
the placement of the part-line, hoWever, is in the Worst 
position possible: at the board’s exposed perimeter edge. 
Because the division of the mold also breaks the continuity 
of the high-strength ?ber, the mold-seam on the ?nished 
board has only a fraction of the strength of material Where 
the ?ber is fully intact. The design of the joint is then 
compromised by the limitations of the mold’s concave 
surface. The mold-seam is far stronger When reinforcement 
is applied to the interior of the jointithe inside surface of 
the joint, hoWever, becomes completely inaccessible once 
the mold is closed. The mold-seam is therefore typically 
reinforced after the board is removed from the mold; this 
adds Weight to the already resin-rich skin, and suf?cient 
reWork to negate much of the labor-saving advantage. 

[0011] The dif?culty molding the board’s interior foam 
core then raises production costs further still. Because the 
expansion of plastic foam involves heat (e.g., polyurethane 
foams undergo an exothermic reaction; steam is required to 
expand EPS “bead” foams), there is both an expansion and 
a very slight cooling contraction cycle in the molding of the 
foamithe slight cooling contraction makes it very di?icult 
to pre-mold the board’s interior foam core to suf?ciently 
tight tolerances to eliminate potential voids betWeen it and 
the interior surface of the closed mold and, When the 
expansion of the foam occurs in the mold, the cooling 
contraction begins before the foam has fully hardened, 
Which often causes poor adhesion or an inconsistent skin 
to-interior core bond. 

[0012] To reduce the problem, in the prior art the foam is 
contained in an extremely strong mold and the very high 
outWard pressure generated by the foam’s expansion is used 
to compress the foam against the interior surface of the mold 
to enhance adhesion and attain an adequate skin-to-interior 
core bond. DraWbacks include the high cost of the mold (the 
mold typically has steel reinforcing jigs attached and is held 
in a hydraulic press or by other mechanical means to prevent 
buckling, separating or failure under the high pressure of the 
expansion) and, because of the compression of the foam 
against the surface of the mold, the higher density of the 
foam and added Weight,. 
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[0013] The additional problem is that the plastic compos 
ite is thin and bendable, and the resin generally shrinks 
betWeen ?ve and six percent as it cures. The direction of 
shrinkage is primarily into the ?ber and against the surface 
of the mold, Where it is held in place by the perfect vacuum 
that develops as the resin hardens and cures. Because the 
tWo halves must eventually meet at a precise point around 
the perimeter, the mold functions to stabiliZe the laminate, 
and prevents distortion or shrinkage of the resin from 
creating a mismatch betWeen the board’s tWo opposing 
sides. The skin must then be fully cured and receive the 
support of additional material (ordinarily provided by the 
bond betWeen the tWo opposing sides and the board’s 
interior core) before it can be removed from the mold. The 
order of application is a major problem: the fact that the least 
stable and longest curing material (i.e., the composite skin) 
is applied to the mold ?rst, and quickly curing foam(s) or 
pre-molded interior core structures are added later, lengthens 
the mold-cycle and causes very sloW production. 

[0014] a. Molded Methods of Production 

[0015] With excess Weight, high-capital costs, and lack of 
any competitive advantage in terms of price, the molded 
?berglass skin/polyurethane foam core surfboards manufac 
tured in the early nineteen-sixties, soon after the introduc 
tion of polyurethane foam, Were derisively referred to as 
“pop-outs” due to their structural inferiority. The commer 
cial production of molded holloW boards Was attempted in 
the early nineteen-seventies, but Was also very brief-absent 
the interior foam core, the lack of an effective joint betWeen 
the board’s top and bottom sides (see, e.g., US. Pat. No. 
3,514,798 to Ellis) caused the mold-seam at the perimeter to 
split open With relatively modest impact; With higher impact 
often detaching the skin from the interior support structure, 
the damage Was dif?cult or impossible to repair. 

[0016] RevieWing prior art clearly shoWs the structural 
defects and compromises caused by the concave con?gura 
tion of prior art female molds. US. Pat. No. 3,802,010 to 
Smith, for example, suggests that the mold-seam at the 
board’s perimeter can be eliminated by dividing a conven 
tional female mold into right and left halves, and laying the 
saturated ?berglass fabric into the mold in a single sheet. 
According to the invention, the centerline division means 
that there are no joints along either side or rail Where the 
board is subject to the greatest beating during use. 

[0017] What is completely ignored is the fact that the 
board’s outline around the perimeter is roughly tWenty 
percent longer than the straight line along the axis of 
symmetryiif the part-line is placed at the shortest distance 
betWeen the nose and tail of the board, the ?berglass must 
elongate a total of ten percent per side to cover the perimeter 
of the mold, While maintaining its original length at the 
center. Since ?berglass is not elastic, the fabric must be 
carefully cut and trimmed to conform to the shape of the 
mold, or the ten percent that is excess Will appear as folds 
and Wrinkles in direct proportion to the differential in length. 

[0018] The mold’s deep internal cavity and lack of access 
makes it impossible to accurately trim and create an over 
lapping joint in the fabric at the perimeter of the mold, 
hoWever, and also prevents the defects from being properly 
repaired. The sharp folds in the reinforcing fabric create 
voids if subsequent layers are applied on topithis precludes 
the possibility of adding ?berglass layers or the use of any 
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composite core material at all, or using these materials to 
create a bonding/reinforcing ?ange betWeen the tWo oppos 
ing sides. The tWo sides are therefore joined by pouring a 
very thick layer of adhesive into a concave depression in the 
foam core, creating a very Weak and heavy mold-seam 
betWeen the opposing sides. The invention suggests trading 
the Well-knoWn structural problems caused by the relatively 
shalloW concave cavity of the prior art female mold, for the 
much larger defects of a very deep one. 

[0019] The closely related US. Pat. No. 4,383,955 to 
Rubio et al. speci?cally identi?es a number of the more 
obvious problems outlined above, and teaches a conven 
tional solution: to improve access, the right- and left-hand 
mold con?guration to Smith is given an extra division that 
turns it into quartersiWith the four relatively ?at mold 
surfaces, the ?berglass fabric can be successfully applied to 
the mold Without Wrinkles; moreover, With the accessible 
mold surface ordinary steps such as polishing, prepping and 
applying release agents to the mold become possible so that 
the board can subsequently be removed. From a structural or 
fabrication standpoint, hoWever, there is no improvement at 
allithe extra division adds a mold-seam at the perimeter of 
the board, and neither disclosure addresses any of the 
Well-knoWn problems involved in molding the board’s inte 
rior foam core. 

[0020] In both inventions, the liquid pre-foam is poured 
into the mold cavity and alloWed to rise parallel to the 
board’s Width. The foaming reaction of the polyurethane 
resin is deceptively simple, hoWever, because When com 
plete, even the mixing cup appears to make a perfectly 
acceptable mold. The hidden problem is that the expansion 
of the foam occurs before the resin begins to hardeni 
because the mold con?guration causes considerable upWard 
movement during expansion, the foam’s cellular structure 
tends to be destroyed against the interior surface of the 
board/mold, and released bloWing agent or gas is concen 
trated in the same area area; this leaves large voids directly 
beneath the surface of the ?berglass skin, and little or no 
skin-to-interior core bond. 

[0021] In the disclosure to Rubio, et al. the voids are 
identi?ed, but the inventors incorrectly attribute the “soft 
spots” (i.e., the voids beneath the skin) to the expansion and 
contraction cycle of the foam (the soft spots are described as 
areas Where the foam has “pulled aWay” from the ?berglass 
skin). They therefore suggest using a ba?le to contain the 
expansion of the foam to compress it against the interior 
surface of the skinia partial step toWards the prior art 
method of containing the foam in a high-strength mold and 
hydraulic press. Neither invention has seen production, since 
prior art problems of molding the board’s interior foam core, 
the length of the mold-cycle, and the Weak or inadequate 
joint betWeen the board’s tWo opposing sides are neither 
noted nor addressed. In knoWn methods of sailboard pro 
duction, the latter tWo problems are “solved” by either 
foaming the resin matrix or eliminating the reinforcing ?ber 
in the skin; both solutions therefore entail a major reduction 
in strength. 

[0022] In loW-cost methods of sailboard production, for 
example, bloW-molding or rotationally molding techniques 
are used to bloW or melt a thermoplastic resin to the surface 
of the mold; although this produces a continuous one-piece 
skin, production is relegated to beginner and entry-level 
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sailboards due to the excess Weight/inadequate strength 
caused by the lack of any composite material at all. The 
added drawback is that the interior foam core must be 
formed by injecting liquid pre-foam into the interior cavity 
of the closed mold, Which involves the production problems 
outlined above. 

[0023] Pre-molding the board’s interior foam core is a 
very Widely used alternative since it alloWs a major reduc 
tion in Weight. The problem, as previously noted, is the 
di?iculty of consistently pre-molding the foam to su?i 
ciently tight tolerances to eliminate potential voids betWeen 
the interior foam core and the surface of the mold. In the 
prior art, the lack of close tolerances is compensated for by 
saturating the reinforcing fabric With an epoxy resin that has 
a bloWing agent added; With the laminate/interior core 
assembly contained in a heated mold and a mechanical 
press, the epoxy expands to ?ll any voids or discrepancies 
betWeen the pre-molded interior foam core and the closed 
cavity of the mold. With the added stiffness of a PVC sheet 
foam layer sandWiched betWeen layers of foamed laminate 
in the skin, the board is light in Weight, and the quickly 
curing foamed resin and rapid mold-cycle makes production 
costs competitive With the loWer-cost methods of sailboard 
production outlined above. 

[0024] An illustration of the loW production costs using 
the method is provided by the Us. Pat. No. 4,713,032 to 
Frank, the speci?cation of Which is incorporated herein, in 
Which the prior art foamed epoxy laminate4often referred 
to as a “thermal compression-set epoxy” due to the high 
pressure and temperature cureiis replaced With a quickly 
setting, foamed polyurethane resin for a very rapid mold 
cycle of about tWenty minutes per board, and high produc 
tion from the molding tool of as many as tWenty-four boards 
per day. 

[0025] Using either resin, the gap betWeen the interior core 
and the closed mold results in a fairly thick, resin-rich 
laminate, made Weak by the foaming of the plastic in the 
skin. Because much higher-strength may be had using 
non-foaming structural layers of composite laminate, the 
strength-to-Weight ratio of the foamed laminate skin is 
typically Well beloW expensive high-performance sail 
boards, Which eliminate the bloWing agent in the resin 
matrix to create a much higher strength “structural sand 
Wich” or “cored composite” skin. 

[0026] b. Structural Sandwich/“Advanced Composite” 
Production 

[0027] The structural sandWich is expensive to fabricate 
because of the lengthy mold-cycle. In production, vacuum 
pressure is used to remove voids and entrapped air from the 
composite laminate, and conforms the skin core to the shape 
of the mold; to prevent any spring-back of the skin core the 
skin material remains in the mold under vacuum pressure for 
about tWo to three hours, until the resin has completely 
cured. The added draWback is the di?iculty removing excess 
resin from the skiniin sandWich skin fabrication, the skin 
core layer creates a buffer that blunts the effectiveness of the 
squeegee on the interior layers of laminate against the 
surface of the mold, and the mold’s sharp, upraised edge 
contours tend to create a dam; the vacuum-bagging proce 
dure then requires an airtight surface and seals the entire 
mold, and prevents any excess resin from escaping during 
cure. The further problem is that the stiffness of the core 
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material generally exceeds the pressure available With 
vacuum (14.7 psi), Which can prevent it from being fully 
conformed to the sharp curvature at the board’s perimeter 
rail, particularly at the tail; this complicates the design of the 
joint and the overall structural integrity of the board as Well. 

[0028] The U8. Pat. No. 4,964,825 to Paccoret, et al. 
illustrates a number of the problems outlined above; it 
reveals a large gap in the sandWich structure and very poor 
joint design at the board’s perimeter edge (a conventional 
inWard-turning bonding ?ange is depicted). During produc 
tion, the mold’s sharp edge contours, the fabrication of the 
sharply inWard curving bonding ?ange, and the complete 
seal of the vacuum-bag combine to prevent any of the excess 
resin from escaping prior to cure. The invention is directed 
to structural improvements in the ?n-box/ mast track areas of 
the board; the design of the mold-seam and the removal of 
excess resin are much larger problems, but neither is 
addressed. 

[0029] The U8. Pat. No. 5,023,042 to E?ferding discloses 
a mold designed speci?cally for sandWich skin construction; 
the complications in this case are due to the difficulties of 
using a loW-density, pre-molded EPS (expanded polysty 
rene) “bead” foam for the interior core. In the disclosure, the 
PVC sheet foam/Wet epoxy laminate ?ts into molded-in 
recesses in the EPS foam core and the entire assembly is 
placed in the mold, the exterior surface of Which precludes 
resin removal by hand. Vacuum pressure is used to press the 
components tightly together but exceeds the compressive 
strength of the foam, causing it to distort and crush; the 
vacuum also WithdraWs air trapped betWeen the individual 
beads of foamithe “outgassing” of air from the foam 
causes major structural defects in the form of large voids and 
pockets of entrapped air in the composite laminate. 

[0030] To prevent these problems, E?ferding suggests 
using a vacuum bore to WithdraW the air from Within the 
foam and discloses a novel mold With a ?exible perimeter 
portion that, under full vacuum, bulges outWard evenly and 
alloWs the EPS interior core to assume an even, permanent 
compression set during cure. Structural compromises 
include the large gap in the sandWich skin structure at the 
board’s perimeter rail, and the absence of internal spars, 
shear Webs, or holloW, Weight-reducing areas in the board’s 
interior coreiall of Which Would create distortion problems 
and/or prevent the board from compressing evenly during 
cure. The added problem is the high resin content in the 
skinito draW vacuum the mold completely encases and 
seals the board structure and prevents the excess resin 
applied in the laminating step from escaping during cure. A 
loW temperature oven is also used to speed production, but 
costs are still very high due to the lengthy mold-cycle of just 
under three hours. 

[0031] The inventor notes that knoWn methods of sail 
board production produce boards having a mold-seam at the 
point of greatest breadth thereof; the Word “seamless” in the 
title of the invention refers to the modest improvement in the 
placement of the mold-seamiWhich is not in the expected 
location, but on the sharpest point of the rail. 

[0032] Borrowing directly from the general mold con?gu 
ration disclosed by E?ferding, the Us. Pat. No. 5,266,249 to 
Grimes III, et al., the speci?cation of Which is incorporated 
herein, teaches a method of forming interior joints in at least 
partially enclosed con?ned interior areas (see, e.g., the mold 
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con?guration to Smith) and an improved joint design as 
Well, since the composite layers meet and form an overlap 
ping joint at the perimeter rail. The fabrication of the joint, 
hoWever, requires the use of extremely costly “advanced 
composite” material to prevent production problems caused 
by the mold’s concave surface: the method uses the tacki 
ness of the partially cured “pre-preg” epoxy laminate to 
adhere the deck layers of the honeycomb core to the Walls 
of the mold; the bottom layers of the board are then 
assembled on an in?ated bag, Which doubles as a vacuum 

bag and provides the high outWard pressure (i.e., at least 13 
psi) needed to hold the composite skin/honeycomb core 
material in proper orientation and in pressurized contact 
With the mold throughout the cure. 

[0033] According to the invention, there had previously 
been no method of applying ?ber-reinforced plastic to the 
interior sides of mold-seams or joints; the in?ated bag 
provides a very ineffective means for doing so, hoWever, 
since its assembly adds considerable labor and limits the 
interior structure to a single support Wall, rather than the 
higher strength and lighter Weight afforded by a plurality of 
internal shear Webs or supporting struts. Further, during 
assembly the in?ated bag does not provide su?icient stabil 
ity for the honeycomb core material to be accurately 
trimmed and glued4epoxy pre-preg core splice strips (strips 
of thermosetting epoxy that foam during the high-temp cure) 
are therefore required to ?ll the gaps or voids around the 
perimeter rail Where the honeycomb core cannot be accu 
rately ?t. 

[0034] Despite the obvious structural improvement over 
the prior art, the placement of the joint is still at the sharpest 
point on the board’s perimeter rail, and its design is less than 
idealialthough the fabric is overlapped, the break in the 
reinforcing ?ber and in the honeycomb core material Will 
reduce the joint’s shear and impact strength, and cause 
earlier skin detachment and/or failure of the joint at loWer 
levels of impact. Much greater impact resistance can be had 
by eliminating the joint entirely: complete continuity of the 
core material Would alloW the continuity of the high-strength 
reinforcing ?ber to be better maintained throughout the 
perimeter edge, and reinforcement could also be con?ned to 
the interior side. Higher impact strength could also be had by 
increasing the density of the core material throughout the 
exposed perimeter rail area itself. 

[0035] More importantly, the mold’s concave con?gura 
tion makes it impossible to move the primary division 
betWeen the tWo halves to the axis of symmetry4combining 
the joint With the support Wall Would create a far stronger 
board structure, since the support Wall Would provide an 
entire backup structure to reinforce the interior of the 
mold-seam in an area that is ?at and only rarely exposed to 
high-point and impact loads. 

[0036] As in the invention to E?ferding, the mold com 
pletely encases and seals the board structure (bolts are 
depicted) and prevents any excess resin from escaping 
during cure. As noted above, an optimum ?ber/resin ratio in 
the composite is extremely important: because the strength 
of the reinforcing ?ber is usually several orders of magni 
tude higher than the resin (e.g., in a ?berglass composite, the 
tensile strength of glass, at roughly 500,00 psi, is about ?fty 
times that of the resin, at 9-l2,000 psi), excess resin in the 
composite actually Weakens it. In sandWich skin fabrication, 
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reducing the percentage of resin from the sixty to seventy 
percent range (by Weight, and typical When the reinforcing 
fabric is saturated by hand) to the thirty-?ve percent level 
Will usually double the compressive and ?exural strength of 
the composite facing in bendingiequally important, the 
Weight saved can be used to increase the density of the stiff, 
lightWeight sandWiched core. Because the improvement in 
strength that comes by increasing the density of the core is 
not linear4e.g., doubling the density of high-density plastic 
foam Will usually triple its compressive strengthian opti 
mum ?ber/resin ratio in the laminate can more than double 
the ?exural, compressive and impact strength of the struc 
tural sandWich skin as a Whole. 

[0037] Reducing the resin content of the laminate, hoW 
ever, requires special unidirectional fabrics or very tightly 
Woven, di?icult to saturate “croW-foot” or “satin” Weaves of 
cloth, as Well as a method for applying fairly high pressure 
to physically force the resin from the ?ber, a lack of 
obstructions to alloW the resin to actually be removed, and 
a barrier (e.g., a thin plastic ?lm) to prevent air from 
re-entering the laminate (due to the slight spring-back of the 
?ber) once the pressure has passed. With current methods of 
production, efforts to employ these techniques have been 
less than completely successful because of the concave 
con?guration of prior art molds, and the stiffness of the core 
material and the shape of the board at the railiPaccoret et 
al. and Grimes III et al. therefore teach the use of extremely 
expensive “pre-preg” or “advanced composite” material to 
keep the resin content to an absolute minimum. 

[0038] As the name suggests, in the “pre-preg” the rein 
forcing fabric is pre-impregnated With the precise amount of 
epoxy resin (by Hexcel, Ciba-Geigy etc.), the resin is then 
“B-staged” or partially cured, the material is shipped under 
refrigeration to the end-user (usually large airframe manu 
facturers such as Boeing etc.), the material is then placed in 
the mold and undergoes a high-temperature, high-pressure 
autoclave cure. Due to the prohibitively high material cost, 
the lengthy tWo to three hour mold-cycle (@hr. to heat, 1-1 
@hr. cure, @hr. to cool) and the high-temp, pressurized cure, 
the “advanced composite” or pre-preg laminate/honeycomb 
skin boards occupy only a small niche in the overall sail 
board market. 

[0039] The further draWback is that the generally holloW 
board structure is best used on very thick sailboards, Where 
the higher overall volume of the interior foam core adds a 
great deal of Weight but little strength, While a foam core 
may offer lighter Weight With thinner, high-performance 
Wave-boards (sailboards) and surfboards. The molds and 
methods outlined above, hoWever, are not readily inter 
changed: the high-temperature and pressurized autoclave 
cure needed for the honeycomb core/pre-preg laminate (e. g., 
250° F. and a minimum pressure of 13 psi), for example, 
typically exceeds the compressive strength of very loW 
density foams, and Will melt polystyrene based foams 
(speci?ed by E?ferding, for example); special molds are also 
required for the mechanical/hydraulic press involved in 
attaining adequate adhesion using liquid resin pre-foams, 
Whether the material is used as a ?ber-reinforced foamed 
laminate in the skin or as the board’s interior foam core. 
Hence, in the prior art, the con?guration of the mold and the 
materials used in construction cannot be readily customized 
according to the design requirements of the board, or the 
performance preferences of the rider; compounding the 
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problem, the mold’s concave surface de?nes the board’s 
exterior shape and restricts production to a series of exact 
duplicates. 
[0040] Because of the very light Weight and loWer capital 
costs When the board is fabricated by hand, molded surf 
board production has been very limited since the beginning 
of the “modem era,” Which began With the introduction of 
moldable plastic foam and ?berglass-reinforced plastic over 
four and ?ve decades ago respectively, While custom “one 
o?‘” sailboards comprise a very signi?cant portion of the 
overall marketiparticularly in high performance areas such 
as HaWaii. In surfboard and high-performance sailboard 
production, the Wide range in siZe and shape requires a large 
and prohibitively expensive inventory of molds, and elimi 
nates the many custom design modi?cations that are noW 
made as a matter of routineithe concave con?guration of 
prior art female molds prevents the board’s Width, planing 
area and lengthWise bottom curvature or “rocker” from 
being tailored to the individualized requirements of the 
rider; custom boards, therefore, must be fabricated by hand. 

[0041] 
[0042] In custom or “one-o?‘” surfboard production, the 
board is individually hand-shaped from a polyurethane foam 
“blank;” the ?berglass and resin are then applied by hand 
over the shaped foam core. The process is labor-intensive 
and requires considerable skill, but the problems of molded 
manufacture are limited to a pre-production phaseithe 
board’s interior foam core is ?rst molded by a separate 
manufacturer into a rough surfboard-shaped slab of foam 
before being shipped to the surfboard manufacturer to be 
used in the actual construction. 

c. Custom or “One-O?‘” Board Production 

[0043] To enhance strength and better control the some 
What unreliable reaction of the loW-density polyurethane 
foam, the blank is molded in an extremely strong, heavy 
mold made of reinforced concrete. This alloWs an excess of 
liquid pre-foam to be poured in the mold; as the foam 
expands, the excess compresses under high pressure against 
the surface of the mold and produces a density-gradient in 
the blankithe foam is soft and Weak in the center and 
becomes progressively harder and denser toWards the sur 
face. To avoid removing too much of the harder, denser 
surface foam during shaping, the blank is molded close-to 
shape, or as thin as possible. The close-to-shape molding 
increases the large number of blank molds required for 
surfboard production, and frequently leaves insufficient 
foam in the nose and tail areas of the blank for the shaper to 
produce the proper lengthWise bottom curvature or “rocker” 
on the board. 

[0044] The molded-in rocker of the blank must therefore 
modi?ed by the blank manufacturerithis is done by cutting 
the blank in half lengthWise and gluing the tWo halves to a 
Wooden center spar or “stringer” individually cut to a 
speci?c rocker curvature. The rocker is usually selected 
from a list of stock lengthWise rocker modi?cations; Clark 
Foam of Laguna Niguel, Calif., (WWW.clarkfoam.com) pro 
vides a Rocker Catalog listing the dimensions of over tWo 
thousand different templates available to modify the 
molded-in rocker curvature of the more than sixty different 
blank molds offered for surfboard production. With shipping 
and inventory problems at both ends of production, manu 
facture of the blank is expensive, but essential, since the 
hand-shaping of the core alloWs the various design param 
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eters of the board, including the Width, volume, and rocker, 
to be adjusted according to the requirements of the rider. 

[0045] After shaping, the ?berglass laminate is applied 
directly to the shaped foam core, Which provides a smoothly 
curving convex surface. With a ?ber-reinforced composite, 
a convex substrate provides the foundation for a stronger, 
lighter structure4excess resin is easily removed for higher 
strength and lighter Weight, and joint creation is stronger and 
simpli?edithe fabric can be pulled taut and a double 
overlapping joint created to provide a protective covering 
for the very exposed perimeter edge or “rail,” and the sharp 
convex curvature at the nose and tail as Well. 

[0046] Major draWbacks include the large amount of labor 
and extra coats of resin required to sand the overlapped area 
completely smooth; structurally, the primary problem is the 
board’s very light Weightifor higher performance, board 
Weight has been consistently reduced to the point Where the 
loW-density interior foam core is no longer strong enough to 
fully support the board’s thin exterior skin. The single 
?berglass ply used on the bottom of the board Will usually 
dent or fracture With moderate ?nger/thumbnail pressure, 
While the double or triple layer used to reinforce the tail area 
Where the rider stands often fatigues, becomes permeable to 
Water, then fails and completely delaminates under the 
repeated high pressure of the rider turning the board. Hand 
shaping also limits the effectiveness of the longitudinal 
reinforcementiit makes Wood the material of choice for the 
center spar and also makes it impractical to add top and 
bottom spar caps (i.e. the top and bottom reinforcing ?anges 
in an l-beam)ithe lack of effective longitudinal reinforce 
ment leaves thinner surfboards in particular susceptible to 
breakage. 

[0047] With current methods of production, the strength of 
the “one-o?‘” or custom board is severely compromised by 
the roughly one-to-one Weight ratio betWeen the ?berglass 
skin and interior foam coreielforts to alter this ratio have 
been largely unsuccessful. The U8. Pat. No. 5,569,420 to 
Van Horne, for example, suggests increasing the density of 
the polyurethane foam coreithis is done by pouring out 
sequential lines of liquid pre-foam; the foam then expands, 
and each individual line of foam is left With a hardened 
arcuate shell on its exterior surface Where the exposure to air 
has sloWed the reaction of the foam. The process is repeated 
until a billet is formed; the foam for the board’s interior 
foam core is then cut from the billet and hand-shaped the 
?nal dimensions. Although the density of the foam is 
increased, the invention eliminates one of the primary 
advantages of the one-olf method of production, Which is the 
extremely rapid mold-cycle in the molding of the blank (e. g., 
in the invention to Frank, a reaction retarder is needed to 
extend the rapid ?ve minute setting time of the polyurethane 
resin in the foamed, ?ber-reinforced plastic skin). 

[0048] The U8. Pat. No. 4,255,221 to Young teaches a 
laminated plyWood skin created from individual layers of 
veneer Which are conformed to the curvature of a hand 
shaped interior foam core using vacuum pressure. To reduce 
Weight, Young provides additional adjustable means outside 
the vacuum forming apparatus that squeeZe excess epoxy 
from the layers and aid in conforming the Wood to the 
curvature of the core. The di?iculty is in forming an effective 
joint at the perimeter railisince the veneer can break if the 
curvature is severe, the edge contours of the board are made 
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by laminating strips of Wood around the board’s perimeter; 
after curing, the strips are hand-planed to the ?nal dimen 
sions and form a solid laminated Wood perimeter rail. 

[0049] In the disclosure to Elferding discussed above, the 
inventor describes developing a similar vacuum-bagging 
method for fabricating a sandWich skin sailboard. The use of 
composite skin core material greatly complicates the pro 
cess, hoWever. For example, at room temperature PVC sheet 
foam Will typically break Well before it reaches a right 
angled bend, and its sti?fness can exceed the 14.7 psi 
pressure available With vacuum and the compressive 
strength of the loW-density EPS foam core as Well; in 
addition, the lack of any reference point around the board’s 
perimeter edge makes it very dif?cult to accurately trim the 
skin core material and eliminate the potential gap or mis 
match betWeen the board’s tWo opposing sides. The inventor 
therefore makes no attempt to conform the high-density 
PVC sheet foam to the sharp curvature at the perimeter rail, 
but teaches that the skin core should be ?t into recesses in 
the foam core. Elferding reports that it takes thirty to forty 
?ve hours to manufacture a professionally acceptable sail 
board using the technique; to reduce labor, E?ferding dis 
closes and teaches the use of a novel female mold. 

[0050] Prior art custom or “one-o?‘” production currently 
lacks a strong, composite based skin structure capable of 
being fabricated on a convex surface such as plastic foam; 
in molded manufacture, the high production costs and struc 
tural problems are largely due to the concave con?guration 
of prior art female molds and the placement of the part-line 
betWeen the mold’s top and bottom halve, Which results in 
a mold-seam along the board’s perimeter edge or rail. In the 
prior art, the tWo basic fabrication methods fail to address 
speci?c problems encountered in conforming the exterior 
skin materials to the sharp compound curvature at the 
board’s perimeter rail, and suffer from a number of serious 
structural shortcomings and manufacturing draWbacks as a 
result. 

SUMMARY OF THE INVENTION 

[0051] In an embodiment of this invention, the board’s 
structural exterior skin comprises a layer of thermoforrned 
plastic that is continuous through the point of greatest 
breadth and area of sharpest curvature; the layer of thermo 
formed plastic forms a perimeter rail that connects the broad, 
generally planar top and bottom surfaces of the board; the 
skin encompasses foam, partially holloW chambered foam, 
or a plurality of internal shear Webs or skin supporting struts; 
a high-strength bonding/reinforcing ?ange and/or interior 
foam core material joins the board’s tWo opposing sides. The 
present invention discloses shape-adjustable molds and 
quickly fabricated, shape-adjustable skin and interior core 
structures that alloW critical construction steps to be com 
pleted using a convex shape-de?ning surfaceithe board 
may therefore be produced Without the high initial costs of 
constructing a prior art female mold, and the high manu 
facturing costs and structural problems resulting from its 
use. 

[0052] In the present invention, the board’s high strength 
and loW production costs are due to an inexpensive molding 
or pre-forming step, in Which the con?guration of the mold 
and fabrication method are speci?cally adapted to conform 
a layer of skin material to the severe compound curvature 
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around the board’s perimeter edge or “rail” (note: the term 
denotes the edge contours on either side of the point of 
greatest breadth necessary for a hand-held grip, and includes 
at least a portion of the board’s generally ?at bottom). With 
the high degree of compound curvature at the board’s 
perimeter edge, it is possible to pre-mold the area at the 
perimeter rail and form a substrate layer having a very stiff 
and stable shape. The exterior facing layer(s) may then be 
applied to the substrate layer, rather than to the mold; the 
substrate provides a shape-de?ning surface that can function 
as a mold and de?ne the shape of the board as the longer 
setting bonding and/or laminating resins harden and cure. 

[0053] The pre-forming step fundamentally changes the 
production process and the nature of the mold itself: in the 
present invention, for example, a ?rst rigid shape-de?ning 
surface may be used to pre-de?ne the board’ s exterior shape; 
a second very thin (and optional) layer of material may then 
be used for the smooth surface in the board’s exterior skin. 
With different mold surfaces performing separate functions, 
each becomes much less expensive to construct; in addition, 
the production steps can be ordered for very rapid produc 
tion, and both the mold and the board structure can be 
modi?ed in shape. 

[0054] In the present invention, for example, the pre 
formed perimeter rail can be molded separately and provide 
an adjustable template that can be bent to cut deck and 
bottom skin core panels from sheet core material or partially 
pre-fabricated sheet core material (e.g., skin core material 
With high-strength composite laminate fully cured on the 
interior side); the panels may then be bonded to convex 
shape-de?ning foam, a prefabricated spar, or other material 
used in the interior core, With the pre-formed rail completing 
the perimeter edge and connecting the board’s top and 
bottom sides. The pre-forming step also alloWs one entire 
side of the board to be molded from a single thermoplastic 
sheetithe continuous surface at the rail Where the board’s 
top and bottom surfaces intersect alloWs a division to be 
placed along the axis of symmetry, or on one side of the rail 
betWeen the board’s top or bottom sides. The location of the 
division then alloWs the board to be modi?ed in shape: a 
division at the axis of symmetry, for example, alloWs the 
board’s Width to be altered along the longitudinal centerline 
of the board, the tail can be made Wider relative to the nose 
and vice-versa; the rail can also function as a hinge so that 
the board’s longitudinal pro?le and transverse curvatures 
may be de?ned by pre-fabricated material used in the 
interior core. In each case, the shape-de?ning skin and 
interior core materials provide shape-adjustable substrates 
that pre-de?ne the board’s exterior shape, and then function 
as a mold as bonding resin(s) and/or layer(s) of high 
strength facing material harden and cure. The principles 
outlined above may be used to create a reusable shape 
de?ning mold, and the materials used in the construction of 
the mold may provide shape-de?ning surfaces that become 
part of the board structure itself. 

[0055] For example, in the pre-forming step, the skin core 
Will bridge small gaps and mask minor imperfections on the 
surface of the mold; this alloWs the shape-de?ning mold to 
be divided into separate subparts designed to be moved, then 
?xed and set, so as to change dimensions, describe different 
curves and modify various parameters of the board’s design. 
In the present invention, for example, the bottom panel of 
the mold may be designed to bend lengthWise to alter the 
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rocker curvature of the board, the deck panel can be made 
adjustable to control thickness, and a ?exible perimeter rail 
component may be used to modify the board’s outline and 
Width; added rail segments and/or adjustable nose and nose 
and tail components then alloW changes in length at either 
end. Reference for the movement and ?xed positioning of 
the mold subparts may be provided by an external structure, 
such as a mold base, Which may be placed parallel to the 
mold’s longitudinal axis of symmetry, and/or each other. 

[0056] When ?xed attachment of the shape-de?ning sub 
parts is to a mold base, the exterior or male surface of the 
mold may be used, and the mold thus con?gured and can 
accommodate virtually all the common modi?cations 
required Within a particular style of board. Certain design 
features, hoWever, such as bottom channels, nose concaves 
etc. can introduce enough compound curvature into the 
affected mold panel or rail component to reduce its bending 
capacity, and thereby limit its further use; these design 
features are therefore more economically accommodated by 
creating a one-off mold out of plastic foam. In an embodi 
ment of the present invention, the convex con?guration of 
the mold is reversed and plastic foam is molded in the 
concave cavity of a female shape-de?ning mold to produce 
a foam blank that, upon removal, can quickly have the 
desired features shaped into the foam by hand; the shaped 
blank then provides the convex shape-de?ning mold used to 
form the surface layer(s) that comprise the board’s exterior 
skin. The foam is used as a mold and provides a shape 
de?ning substrate that becomes part of the board structure 
itselfithis eliminates adhesion problems and the high pres 
sures generated by the expansion of the interior foam core 
When using the female molds of the prior art. 

[0057] The mold system therefore produces shape-de?n 
ing substratesiin the form of rapidly thermoformed exte 
rior skin layer(s) or the quickly molded foam of the board’s 
interior coreithat can removed from the mold With the 
shape of the board substantially pre-de?ned; this speeds 
manufacture by dramatically reducing the time that the 
material is required to be in direct contact With the mold 
during production (e.g., either material can usually be 
molded or thermoformed in 21/2 to 71/2 minutes, depending 
on the type of foam and density of the thermoformed 
plastic). The rapid mold-cycle, and the fact that the shape 
de?ning surface can become part of the board structure 
itself, reduces the high capital costs of the mold to a fraction 
of the prior art, and makes it possible to optimiZe the board’s 
structural con?guration for higher strength and lighter 
Weight. 

[0058] For example, because the perimeter rail occupies a 
relatively small area on the board, the thermoformed plastic 
foam skin core layer(s) forming the perimeter rail may have 
a density several times higher than the surrounding bottom 
surfaces and deck; because doubling the density of plastic 
foam Will usually triple its compressive strength, the board 
can have very high impact resistance around the exposed 
perimeter edge, and lighter Weight/higher strength, less 
conformable core materials such as end-grain balsa and 
honeycomb core (the cells of Which are prone to rupture) can 
be used for the board’s bottom and the less exposed surface 
of the deck. The pre-forming step also alloWs a bonding/ 
reinforcing ?ange to be fabricated for extra strength along 
the exposed perimeter edge; the bonding-reinforcing ?ange 
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may also provide a high-strength composite spar joining the 
board’s right- and left-hand sides. 

[0059] Other advantages include a more e?icient use of 
spaceithe pre-formed substrates alloW the board to be 
positioned With its Width at right angles to the Worktablei 
this dramatically reduces the manufacturing area required 
for production, and also makes it possible to use a mechani 
cal fabric impregnator to quickly pre-saturate the ?berglass 
cloth. The fabric impregnator is used to best advantage When 
the board is molded in right and left halvesiusing the fabric 
impregnator, the reinforcing fabric can be quickly pre 
saturated and draped over the board’s exposed convex 
surface; Wrinkles can be smoothed and the ?ber aligned 
simply by pulling the fabric taut; and joint creation is 
stronger and simpli?edithe fabric can be quickly trimmed 
and overlapped to provide a protective covering on either 
side of the mid-section of the rail and the very sharp convex 
edge contours in the nose and tail as Well. Equally important, 
With the board’s Width at right angles to the Worktable, 
excess resin can be completely removed for higher strength 
and lighter Weightiunobstructed, the resin quickly runs off 
the board’s smooth vertical surface, leaving an absolute 
minimum Within the ?ber. A thin, plastic ?lm/?exible female 
surface alloWs squeegee pressure to pass directly through to 
the laminate; vacuum may assist gravity and remove the rest. 

[0060] The present invention alloWs the manufacturer 
reduce the proportion of the much Weaker resin in the 
laminate from the sixty to seventy percent level (by Weight, 
and typical of the prior art Where the reinforcing fabric is 
saturated by hand) to the thirty-?ve percent range; this 
commonly doubles the ?exural and compressive strength of 
the laminate in bending, and the Weight saved can be used 
to increase the density of the stiff, lightWeight sandWiched 
skin core; the higher strength of the skin, in turn, alloWs a 
reduction in the density and Weight of material used for the 
board’s interior core. The present invention thereby elimi 
nates many of the draWbacks of using composite material in 
the prior art: a series of boards may be laminated in rapid 
succession and the optimum ?ber/resin ration can be con 
sistently attained in the skin; the present invention produces 
a board With an exceptionally high strength-to-Weight ratio 
Without resorting to the prohibitively expensive “pre-preg” 
composite materials of the prior art. 

[0061] The present invention reduces or eliminates the 
serious structural problems and productivity constraints in 
prior art “one-o?‘” and molded methods of manufacture: it 
reduces labor, the high capital costs of the mold, and the area 
required for construction to a fraction of the prior art. The 
versatility of the convex/concave mold con?guration makes 
it possible for the board to be modi?ed in shape, While 
alloWing the materials and fabrication steps to be tailored 
according to manufacturing considerations or structural 
requirements of the board; in addition, certain foams may be 
molded directly in the concave cavity formed When the skin 
material is pre-molded in right and left halves. The structural 
advantages and manufacturing bene?ts outlined above Will 
be more fully understood With the context provided by the 
detailed description of the invention, and upon vieWing the 
draWings, Which are provided as non-limiting examples and 
should in no Way be interpreted as limiting the invention, 
Which is de?ned more fully and accurately in the appended 
claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] FIG. 1A is a side cutaway vieW, partially in per 
spective, depicting the top or deck surfaces of a board, and 
the general con?guration of shape-adjustable substrates in 
the exterior skin and interior core; 

[0063] FIG. 1B is a perspective, cutaWay vieW of shape 
adjustable, convex/concave mold con?gurations used to 
create the substrates of FIG. 1A; 

[0064] FIG. 2A is a side vieW of a right-hand mold half, 
according to an embodiment of this invention; 

[0065] FIG. 2B depicts a right-hand mold half comprising 
individual, shape-adjustable mold subparts assembled to are 
assembled to a mold base; 

[0066] FIG. 2C is an exploded vieW ofthe right-hand mold 
half of FIG. 2B. 

[0067] FIG. 3A is a perspective, cutaWay vieW of the 
subparts assembled to create a female mold divided into top 
and bottom halves FIG. 3B is a cross-sectional vieW taken 
along lines 319-319 of FIG. 3A; 

[0068] FIG. 3C is a vieW of the left-hand side of a 
shape-de?ning mold in a female con?guration. 

[0069] FIG. 4A depicts a frame design that facilitates 
matching opposite sides. 

[0070] FIG. 4B is a vieW, partially in cross-section, of a 
jig-?xture or “rocker table.” 

[0071] FIG. 5A is a partial vieW of the base area of tWo 
transverse sti?feners. 

[0072] FIG. 5B is a perspective vieW of tWo transverse 
sti?feners in an upright position, its usual attitude in the 
interior of a male con?gured mold. 

[0073] FIG. 5C is a perspective vieW of tWo transverse 
sti?feners in the reversed orientation used to create a female 
mold in right and left halves. 

[0074] FIG. 6A is a cutaWay vieW of an oven that may be 
used in the thermoforming of thermoplastic skin core mate 
rial and molds; 

[0075] FIG. 6B is a side vieW shoWing a “longboard” and 
short surfboard With folds and Wrinkles in the thermoformed 
skin caused by the excessive compound curvature around 
the board’s perimeter edge. 

[0076] FIG. 6C is a longitudinal pro?le vieW depicting the 
Wrinkles in the nose and tail areas of the tWo boards depicted 
in FIG. 6B; 

[0077] FIG. 7A is a side vieW, partially in perspective, of 
the boards in FIG. 6B With a thermoplastic skin molded With 
a mold extension; 

[0078] FIG. 7B is a partial vieW of the nose area after 
thermoforming a high-density foam skin core With a mold 

extension; 

[0079] FIG. 7C is a perspective, cutaWay vieW of the tail 
area of the board depicting smaller mold extensions used in 
the tail area of the rail. 
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[0080] FIG. 8A is a perspective, cutaWay vieW of high 
strength, shape-adjustable skin substrates that can be fabri 
cated using convex shape-de?ning surfaces that become part 
of the board structure itself; 

[0081] FIG. 8B is a perspective, cutaWay vieW depicting 
convex shape-de?ning structural cores With high-strength 
structural layers providing convex bonding/reinforcing 
?anges beneath the board’s exterior skin; 

[0082] FIG. 9A is a cross-section vieW depicting the 
reinforcing layers that serve as a bonding/reinforcing ?ange 
for high-impact areas at the board’s perimeter; 

[0083] FIG. 9B is a cross-section vieW depicting the 
assembly of skin core materials on a convex mold; 

[0084] FIG. 9C is a perspective, cross-section vieW depict 
ing assembled skin core materials on a convex mold; 

[0085] FIG. 10A depicts a board being laminated on a 
convex mold; 

[0086] FIG. 10B is a side vieW of a fabric impregnator; 

[0087] FIG. 11A is a perspective vieW of various shape 
de?ning surfaces of a convex shape-de?ning structural core; 

[0088] FIG. 11B depicts tWo halves being bonded to a 
bonding/reinforcing ?ange; 
[0089] FIG. 12A is a closer, cross-sectional vieW of FIG. 
11B. 

[0090] FIG. 12B is a closer, cross-sectional vieW of a 
bonding procedure using a bonding/reinforcing ?ange that 
been integrally molded to the skin core; 

[0091] FIG. 12C is a closer, cross-sectional vieW of a 
bonding procedure Where the bonding/reinforcing ?ange in 
integrally molded to a box-beam spar; 

[0092] FIG. 13A is a cross-sectional vieW of an I-beam 
spar. 

[0093] FIG. 13B is a cross-sectional vieW of alternate 
bonding/reinforcing ?anges. 

[0094] FIG. 14 is a perspective depicting tWo ?nished 
boards. 

[0095] FIG. 15 is a cross-sectional vieW of a skin core 
forming a monocoque perimeter rail taken along the lines 
15-15 of FIG. 14; 

[0096] FIG. 16 is a cross-section vieW taken along lines 
16-16 of FIG. 14. 

[0097] FIG. 17 is a cross-section vieW taken along lines 
17-17 of FIG. 14. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0098] The present invention discloses shape-adjustable 
skin and interior core structures that can be fabricated 
Without the use of any concave shape-de?ning surface at all, 
and therefore Without the high initial costs of constructing a 
prior art female mold, and the high manufacturing costs and 
structural problems caused by its subsequent use. As shoWn 
in FIG. 1A, the pre-formed perimeter rail 17 provides a 
continuous substrate that connects the broad, generally 
planar top and bottom surfaces of the board-molded sepa 






















