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Chapter 1|

Surfboard Evolution

Evolution in surfboard design is & continuous process of changing and modi-
fying current shapes and ideas to create new performance characteristics. Many
thanks go to individuals who experiment with unorthodox shapes and attempt
to refine current shapes. Without these people the surfboard would be a very
static and stagnant subject, and surfing itself would lose much of its charm for
newness and variety of experience.

A look at the past history of present shapes will show how performance has
been the ultimate criteria for a surfboard. In the early 1960, surfboards began
to grow shorter. The introduction of the Vee-bottom surfboard increased ma-
nuverability. Twin-fin surfboards further expanded manuverability. Then there
were short mini-guns with hard tumed down rails for speed. Considerable work
in refining the round tail and square tail surfboards with the egg rail led to short
multi-purpose performance surfboards that worked well in all kinds of surf.

Early 1970 produced a spin off shape from a kneeboard that was called the
fish. Which at the time was an odd looking twin:fin surfboard with a notch cut
out of its tail. This shape evolved into the currently popular swallow tail. The
fish still remains as a unique entity in its own right because of its speed and ma-
nuverability on certain kinds of waves.

Today in the mid 1970s there is literally a profusion of new shapes being
developed by individuals, that offer a great variety of ideas a designer can choose
to work with to leam his trade or develop his art form, whichever the case
may be.

Sometimes radical new ideas lead to creating completely new and different
types of surfboards. Whatever the reason for a surfboard shape to come into
being, it usually comes from three sources.

1. Previous shapes
2. Fluid dynamic theory
3. Pure imagination

It does not really matter where ideas come from, whether they work or not is
what counts. Serious attention to surfboard design has only been going on for a
little more than 10 years. Hardly enough time to evolve into a highly technical
art like that of acrodynamics or ship building, but it is becoming more so each

year.
What is presented here is a system approach toward this evolution. The method
is rather easy to understand. Following through on it is a bit more work than
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10. SURFBOARD DESIGN AND CONSTRUCTION

simply making a surfboard with an approximate desired shape, but the results
should prove to be well worth the effort.

There are five phases involved in arriving at a refined surfboard. Each phase
is related to the next to create a continuous circle of development.

PERFORMANCE
REFINED
IDEAS @ @ SURFBOARD

FIG. 1-1 SURFBOARD REFINEMENT

What makes a surfboard function seems to be a mysterious, undefinable thing
in the minds of many surfers. Each has his own ideas flavored by past surfboards
he has ridden. He has become familiar with shapes from experience gained in
repeated riding of particular shapes. Some surfboards he could ride well and
others be encountered difficulty. I hazzard to guess that certain shapes are going
unexplored because of reluctance on the average surfer’s part to change his
“style” to allow a surfboard to perform.

The final test of a surfboard is how well it works in the water. Improvement
in a particular surfboard comes through understanding deficiencies in its design,
and building another surfboard like it with added modifications to correct these
deficiencies. To do this the designer must be able to build two surfboards that
are functionally identical, otherwise the added modifications become meaningless
and building an effective surfboard becomes a matter of chance.

It is a general assumption that an optimum surfboard should be of minimum
weight, and that means that control, stability, and performance are more a result
of a surfboard’s shape. Sometime in the future, a way may be developed to make
surfboards much lighter than the 8 to 10 pound minimum possible today. When
that time comes, shapes will be undergoing major changes to effectively utilize
new and unknown possibilities opened up by extremely light surfboards. It is
hard to imagine what would be possible with a 4 pound surfboard, not to men-
tion what is would look like. It would also very likely place new demands on a

surfer’s ability to ride it. So we can see the importance of careful shaping and
design with desired performance characteristics in mind.
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Surfboard shapes should be compared with each other, There is no easy way
to clearly define how fast a surfboard can move across a wave, how fast it can
tun, or how stable it is to ride. Its ability to do these things is made clear by
comparing it with other surfboards. This means surfing two or more surfboards
on the same day, in the same waves, attempting the same manuevers, and sensing
by direct experience which seems to work better. Not to say that this or that
surfboard is good, but to say that this surfboard makes doing a particular
manuever easier, faster or more controlled.

Analyzing the performance will tend to reinforce or change current surfboard
theory and ideas of what makes a surfboard work. Change's in theory will be
reflected in new designs and refinement of established shapes.

To some people the endless circle of development may be seen as a cycle that
mgeats itself and not particularly worthy of so much attention. They are simply
satisfied with the surfboard they are currently using. But for some reason, when
another surfboard comes along that enhances their experience of surfing, there is
no question in their mind. They just have to ride that new shape. That to me, is
a part of what surfing is all about.




Chapter 2

Surfboard Dynamics

A basic law of fluid dynamics says that whenever the velocity of water is
changed in either direction or magnitude, a force is required. By the law of
action and reaction from Sir Isaac Newton, an equal and opposite force is
exerted by the water upon the surfboard producing the change. So anytime
the surfboard diverts the flow of water, there are some forces at work some-
where on the surfboard.

In a typical ride, the surfer drops into the wave going straight off, drives
straight to the bottom and punches a full turn that curves back onto the face.
With the speed and momentum acquired from the drop, he flies across the
face out onto the shoulder. He then banks off the face of the wave, reversing
direction and drives back toward the bottom again. By this time the wave is
starting to get hot, so he turns on the face in time to lock himself under the
lip that is throwing out top to bottom. When the wave backs off a bit, the
surfer seizes this opportunity to pull out over the feathering lip before hitting
the inside bar where the whole wave closes out.
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FIG. 2-1 TYPICAL RIDE
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SURFBOARD DYNAMICS 1.

The path of the surfboard on the water can be soen in a top view of this ride.
In Figure 2-1, the shaded area is the face of the wave ahead of the curl where
the surfboard can ride the wave. The path of this shaded area, the surfable area
of the wave, is assumed to move along the extended lines for the cud and
shoulder.

The water surface and available energy in the wave is usually in a continuous
state of change. You can see from the top view of the surfboard’s path, that the
angle it moves with the wave is also changing. The position and velocity of the
surfboard in the water making up the wave, determines the resultant force acting
on it. The resultant force is the total of all the separate forces acting on the
surfboard.

FORCES AT WORK

General forces acting on the surfboard are:

weight of surfer
weight of surfboard
buoyant force
orbital force

water inertia

force on the fin
surface drag

shape drag

A description of each of these forces is as follows.

WEIGHT OF SURFER - A force due to the surfer standing on the surfboard
is usually straight down.

The surfer’s effective force on the board is not always equal to his weight.
He can change this force temporarily by raising or lowering his body as he sup-
ports himself on the surfboard,

Ifheisin a crouche‘d position and suddenly stands up, his effective weight
will increase due to the extra force required to raise his body up. If he changes
from a standing position to a crouch, the force will decrease temporarily. The
force becomes equal to his body weight when he stops moving up or down.

The weight force will deviate from his actual weight depending upon the rate
at which he raises or lowers himself.

For example if he takes % second to rise to his full height from a crouch, his
effective weight will temporarily increase about 25%. This is often refered to as
weighting and unweighting.

Effective weight will appear to increase during a hard turn due to centripetal
force.

In dropping down the face of a wave his effective weight will be less. If both
board and surfer are free-falling, the force is practically zero, but soon to change
on impact at the bottom.
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WEIGHT OF SURFBOARD — This force is straight down and passes through
the center of mass of the surfboard.

BUOYANT FORCE — The water exerts an upward force on the submerged
part of the surfboard which is equal to the weight of water originally occupying
the volume displaced by the surfboard. The line of action of the force passes
through the original center of volume of the displaced water. The buoyant force
is always perpendicular to the water surface.

ORBITAL FORCE — Water particles tracing out eliptical orbits in the wave
will exert a force perpendicular to any surface that gets in their path. Force
increases with particle velocity relative to the surfboard.

WATER INERTIA — A moving surfboard experiences a force on its bottom
by onrushing water being deflected undemeath the board. It results from the
effective inertia of the water, or more correctly, the momentum of the water
relative to the surfboard. This is often refered to as the “planing effect”, when
a surfboard rises up out of the water as the surfboard velocity increases. This
force acts perpendicular to the surfboard’s surfaces.

FORCE OF THE FIN ~ Generally, this is a resultant of two forces acting
perpendicular to each side of the fin. Direction of the force depends upon which
surface is presented to the onrushing water. The magnitude of the force depends
upon the projected area of the fin in the direction of the onrushing water, the
fin being similar to the rudder on a boat.

SURFACE DRAG - Friction due to wetted surface area moving parallel to
the water is surface drag. It is proportional to the surfboard velocity and the
wetted surface area. The water viscosity produces resistance by sliding fluid
layers, one upon another near the surface. Direction of this force is along the
surface in the direction of water flow.

SHAPE DRAG — Flow characteristics around the surface contour of the
surfboard also inhibits movement due to redistribution of water, creating wakes
resulting in loss of energy to the water. .

To analyze these forces, the surfboard can be looked at in certain positions
on the wave.

Conclusions can be drawn about the control the surfer has over these forces.
The first step is to look at the wave itself.

THE WAVE

The nature of an ocean wave is simply particles of water rising and falling as
the wave passes over the surface of the water. Up until the wave begins to break,
the water is rising up the face and dropping down the back. When the wave
breaks, the water is falling over itself down the front. The manner in which this
takes place is not as simple as it sounds.

Figure 2-2 shows the path of movement a single water particle will folow
as a wave moves to the right in the drawing. Each water particle actually traces
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out a near circular orbit as the wave passes by. The particle begins moving
slowly at first, increasing its velocity as it nears the crest. Maximum velocity is
at the crest. It then slows down again on the back part of the wave, coming to
rest after the wave has passed.

WAVE DIRECTION ==p>

FIG. 2-2 PARTICLE MOVEMENT IN AN OCEAN WAVE

In the lower drawing, the wave has moved forward so that the particle is on
the wave face, having traced out part of its orbit and moving upward and forward
about equally. All the arrows represent the direction of movement of similar
water particles on the surface. Below the surface other particles are tracing out
similar orbits, creating waves of constant pressure below the surface, that are
similar in contour to the wave on the surface. This seems obviously necessary
to completely fill the wave with water, These drawings apply to waves that are
not necessarily approaching a shore line or preparing to break.

Any object that gets in the path of these particules will experience a force on
it by the particles trying to continue in their orbital path. The force is proport-
ional to the velocity and mass of the particles involved. In general, the faster
these partides move the more powerful the wave. This force is in addition to
the normal buoyance force due to pressure that is exerted on a submerged
body.

As the wave moves into shallow water the circular orbits become ‘eliptical
and the partical velocity at the crest increases with wave height. The wave
becomes steeper and increasingly unstable.
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When not enough water is available in the shallower water shead of the wave
to maintain these orbits, the onrushing crest will spill over onto the wave face
creating, hopefully, a nice hollow tube as the wave breaks.

Water of the broken wave continues forward in a confused mass of bubbles
plowing into anything that gets in the way. A final rush at the end of a long trip.

This discussion of orbits is presented to show that in an unbroken wave there
is water moving along with the wave that can push against a surfboard.

It also points out a way to artificially control the way a wave breaks by
simply controlling the amount of water the wave uses to maintain its orbits.

CATCHING A WAVE

To catch a wave on a surfboard you have to get energy from the wave to over-
come drag forces limiting movement of the board and surfer through the water.
That energy comes primarily from the buoyant force of the moving wave face and
the weight of the surfboard and surfer. These two forces add together resulting in
a forward force of the surfboard. When this forward force is greater than the
drag, the surfer will catch the wave.

In most cases, the wave is not able to provide a forward force great enough to
provide enough acceleration for the surfer and surfboard to increase their velocity
sufficiently to match that of the wave, the surfer has to create some movement
of his own by paddling ahead of the wave so the buoyant force from the wave
can take over the work of propulsion at the moment the wave passes beneath.

A buoyant force always acts perpendicular to the water surface. The weight
of the surfer and surfboard is straight down. Before the wave arrives, the buoyant

force is vertical matching the surfer’s weight. As the wave passes undemeath, the

buoyant force begins to point away from vertical toward the direction of the
wave movement, always being perpendicular to the surface of the water, in this
case the increasing steepness of the wave face.

The amount of buoyant force required by the surfer to catch the wave depends
upon the force required to overcome drag and provide enough acceleration to
increase the speed attained by the surfer’s paddling to match the speed of the
advancing wave.

Smaller boards have to catch waves in the steeper part of a wave because they
need more buoyant force pointed in the direction of movement.

Drag and buoyant forces change drastically after the wave is caught. The
surfer stands up on the board, removing the drag of his body in the water, and the
board comes up out of the water, tending to plane on the surface. The surfer’s
weight is now supported in part by buoyancy and in part by water inertia.

In surfing the wave, the buoyant force generally has to be greater than the
drag forces on the surfboard, otherwise the surfer could not stay in the wave.
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There are a few common instances in which the buoyant force may become
very small compared to the drag, One such situation is when the board races out
in front of the wave, planing on the water ahead of the wave face. Support of the
surfers’ weight is primarily due to planing on the surface. All the forward forces
on the board went into increasing momentum. Velocity increases to a maximum
and then decreases as the drag forces take over.

To continue surfing the wave, a turn must be made to put the board back
onto the wave face with sufficient speed to utilize some more available buoyant
force, which is pointed in the direction of the wave movement.

GOING STRAIGHT OFF

When the surfboard is moving in the same direction as the advancing wave
face, it is either moving down the face, remaining in the same position on the
face, or moving up the face.

The surfboard remaining on the face has all the forces acting on it cancglling
each other out and the surfboard is moving at the constant wave velocity. The
forward forces are balanced by the drag forces. The buoyant force.always is
perpendicular to the wave face, so the horizontal component is pushing the
surfboard forward.

Assuming that the wave has some size, meaning that the surfboard is not so
big that it extends out into the water ahead of the wave, the surfboard will be
approximately level. The plane of the surfboard will be close to horizontal. (The
plane of the surfboard is an imaginary plane that would be parallel to the bottom
of a flat bottomed surfboard.)

1&“"‘1

WATER
INERTIM

FIG. 2-3 PLANE OF THE SURFBOARD
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If the surfer moves his weight forward the surfboard will rotate in a vertical
plane lowering the nose in relation to the tail, tending to streamline the surfboard
more with the wave face. The surfboard will increase its velocity and begin to
slide down the face, eventually moving out ahead of the wave.

Moving his weight backward on the surfboard will do just the opposite, causing
the surfboard to slow down and move up the face.

The surfboard has a strong tendency to move in a direction that lies in the
imaginary plane of the surfboard. What is meant by this is that if the surfboard
plane is horizontal, the surfboard will try to move horizontally through space.
To present this graphically in an ideal situation the cut-away view below shows
how a surfboard tends to climb up the face as the wave advances. This view shows
the plane of the surfboard as an edge.

waf—— WAVE OIRECTION

SURFBOARD

PLANE ~——

FIG. 244 SURFBOARD MOVING IN ITS PLANE

When coming down the face there is water displacement undemeath the
surfboard. The exception being when the surfboard is planing on the surface.

This water displacement is extra drag limiting maximum velocity. The
surfboard is mushing through the water. Insufficient surface area exists on the
bottom to utilize water inertia forces to point the surfboard in the direction it is
moving.

Boards with different bottom rocker will have different effects on water flow.
Figure 2-5 shows a few examples of different bottom rockers.

In most cases a small amount of rocker lift, or kick, in the tail will make
tuming easier. This is often done at the expense of some added drag that goes
unnoticed by the surfer. The same sort of drag exists with a vee placed in the
tail. Here again the vee is kept very slight and is usually only around or behind
the fin.

SURFBOARD DYNAMICS
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20. SURFBOARD DESIGN AND CONSTRUCTION

Boards with a large bottom curve generally do not work well, because to get
the board planing on the water, the surfer’s weight has to be placed far back on
the surfboard. With his weight so far back it is hard to get the board up to speed
in the first place, requiring special wave conditions to make it work. If he moves
his weight forward on this kind of board, the drag increases immediately making
his attempts to trim the surfboard to maximize speed ineffective.

THE BOTTOM TURN

In making a tum at the bottom of a wave, usually the surfboard is planing on
nearly flat water, not always the case, but for examining a turn as simply as
possible, it is easier to assume that the water is flat and not moving. So the initial
condition is the surfboard has dropped down the face and raced out ahead of the
wave.

To begin the tum, weight is placed near the inside rail in the tum. In doing so
the nose is raised above the tail and the inside rail is lowered below the right. The
surfboard assumes a bank angle with the water and the fin has one surface area
projected in the direction of movement. For a left tum the left fin surface area,
the right side is then a lee side, The surfboard has generally rotated about an
oblique axis along the surfboard that passes near the base of the fin. In this case
the axis is along the water line on the surfboard.

‘rop$ /
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FIG. 2-6 BOTTOM TURN

SURFBOARD DYNAMICS 2.

The surfer must lean in the direction of the tum because his weight must lead
the tumn, otherwise as the board comes around in the tum he will tend to fall off
the other side. Of course, if he leans too far he will fall off anyway, The whole
idea being to keep up with whatever the board is doing.

The actual direction taken by the surfboard in the turn is generally determined
'by three factors.

1. Bottom surface area below the water line
2, Inside rail shape

3. Fin surface area

When the tail is sunk into the water a force due to effective water inertia acts
on the bottom surface to deflect the surfboard into the turn. The force is perpen-
dicular to the bottom. The amount of deflection depends upon the surface area
involved and the bank angle of the surfboard. In effect the surfboard is banking
against a wall of water it has created for itself. The surfer’s weight is supported
in part by this wall of water and the buoyant force.

The inside rail will be, to some extent, moving through the water as a leading
edge for the part of the surfboard below the water line. Rail shape will take part
in determining how the surfboard behaves in the tum.

Onmushing water will be putting pressure on the fin surface that is facing

toward the tum, resulting in a torque on the surfboard similar to the effect of a
rudder on a boat. The force is proportional to the fin surface area and is acting
away from the direction of the tum. It is this force that actually makes the
surfboard continue tuming.

To help explain these concepts further, Figure 2-7 shows the top view of a
theoretical surfboard in the process of beginning a tum. The surfer rotates the
surfboard about the bank-axis shown. Each of the successive views @ through

are looking at the surfboard along the water surface from possible directions
the surfboard could begin to take as it starts to turn.

The surfboard will tend to move through the water along a path of least resist-
ance, which ideally should be in the plane of the surfboard.

In each case, except for ® , the surfboard is slipping out of the turn. In ® ,
the surfboard is moving in its plane, offering the least projected bottom surface
area in the direction of turn. The rail is a true leading edge. As the surfboard
moves in this direction, the fin will catch water and begin to turn the surfboard
to point into the turn. As long as the bank angle is maintained, the surfboard will
continue turning,

The difference between this so-called optimum turn and a slipping turn is
explained in different ways.
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FIG. 2-7 SLIP IN A TURN

One explanation is that the bank-angle the surfboard assumes in attempting
the tumn is too small. Relatively speaking, the water inertia force on the bottom
will be small and the surfboard would not be fully deflected into the tum. If the
bank angle is too great, the surfboard will tend to stall.

Another explanation is the fin (or fins) surface area is too small. It does not
provide enough force to maintain the turn.

A third explanation is in the rail. As the surfboard tries to move in its plane,
the rail tries to change the bank-angle or slip out of the water. If the rail is the
type that digsin, quite possibly it could pull the board more up on edge increasing
the bank-angle and actually improving the tum, as long as it isn’t over done.

A fourth explanation is in the rail outline of the tail. The bottom surface area
shape or distribution determines the surfer’s ability to sink the tail by over-
powering the initial water inertia force before the turn. Effective water inertia
increases with velocity making it more difficult to overpower. Wider tail area
requires greater weight force to sink the tail than a narrower tailed board moving
at the same velocity. Along with this surface area, is the matter of buoyancy. In
sinking the tail the surfer is also acquiring a buoyant force resisting further
increase in bank angle, another factor related to the surfer’s weight.

SURFBOARD DYNAMICS 23,
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FIG. 2-8 BOTTOM SURFACE AREA IN TURN

In effect, the tail area below the water line in a tum can be thought of as -
another fin. If the board is moving in its plane, there is a leading edge and a
trailing edge.

Comparing two surfboards, one a round tail and the other a pin tail, each
attempting the same three tums, the areas moving through the water are as shown.
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FIG. 29 BOTTOM THOUGHT OF AS A FIN
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These drawings show a relative indication of the possible tum radius. The
water lines on the board tend to become part of the arc traced out by the turn.
The boards on the right are into a greater radius tum.

Fin location will influence ease of turning. Generally moving a fin forward on
a surfboard makes turning more difficult, the surfboard is less sensitive to direction
changes. The reason being that to make a turn the bank axis usually passes near
the base of the fin, It is the easiest way to establish a bank angle without alot of
extra force. If the bank axis was away form the fin, not only would greater bottom
surface area be displaced down into the water, so must the fin, With the bank
axis near the fin, the fin doesn’t move sideways through much water.

FIG. 2-10 FIN LOCATION IN TURN

If the fin is moved forward, so is the most effective bank axis. With the bank
axis moved forward the tail area to be sunk in the water for a tumn is increased,
requiring extra force to sink the tail. Also the tumns will tend to be wider because
the flow lines on the surfboard will be longer.

If the fin is moved sideways toward the rail, tums made to that side will be
much casier and sharper.

SURFBOARD DYNAMICS 2.
MOVING ACROSS A WAVE FACE

In moving across a wave face at an angle, I have used the word translation to
mean uniform motion of the surfboard in a straight line.

Insimple translation, the board is moving in its plane. The board is at an angle
to the wave face, The board has a velocity component along the face and another
velocity component in the direction of the advancing wave. The board is not
moving up or down on the face. It is remaining fixed in position relative to the
wave height. i

The fin is aligning the board in the direction of movement. The advancing
wave is pushing on the board by the buoyant force and the orbital force. Drag
forces are acting to slow the board down.

When the board is in equilibrium its velocity is constant. The surfer's weight
is primarily supported by the vertical component of the buoyant force and water
inertia. The forward forces are equal to the drag. The velocity is determined by
the angle the board makes with the wave face. The more closely the board comes
to moving parallel to the wave face the greater its velocity.

FIG. 2-11 MOVING ACROSS THE FACE

To examine this idealized case of simple translation, two examples are de-
scribed in which the surfer makes a small shift in his weight during a state of
equilibrium, In each example, assume that the water inertia force is large com-
pared to the vertical component of the buoyant force, the water inertia force is
in the center of the bottom surface grea, and the surfer's weight is totally sup-
ported by effective water inertia.

A force into the page is represented by@, and a force out of the page by@ .
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When the surfer moves his weight around on the board, he changes the attitude
of the board by creating a torque that tends to rotate the board in a vertical plane
defined by a line between the two forces. Inertia and weight are now separated
by some distance.

The surfboard moves toward a new attitude on the wave resulting in a new
direction of movement. The inertia force moves toward the new location of the
weight force. In doing so, the wetted surface area changes s0 that its center is
under the weight force. There is a period of change during which the board
moves to the new equilibrium attitude.

In the first example, the weight is moved slightly forward along the wave face.
The surfboard will tend to point down the face and pick up some speed. As the
surfboard does this the bottom wetted surface area will move forward on the
board to place the inertia force under the surfer’s weight. To do this, the board
has to make a smaller angle with the wave face. When the board is in equilibrium
again the velocity will be greater because of thie smaller angle with the wave face.
With greater board velocity the effective inertia force per area is greater 50 the
required wetted area to match the surfer's weight is less at the new higher
velocity.

This means that less of the surfboard is in the water.

In the second example, the surfer has moved his weight back slightly along
the wave face. The board tends to point up the face and slow down. The wetted
surface area will move back on the board as the inertia force moves to support
the surfer's weight.

The result is the board changes direction to increase its angle with the wave.
The surfboard comes to a new equilibrium position, moving in the plane of the
surfboard at a lower velocity. The surfboard remains in a fixed position on the
wave face as the wave advances.

Because the velocity is lower, the effective water inertia force per area is less
and the board will sink deeper into the wave to increase the wetted surface area.

There are other general places the surfer can shift his weight on the board
creating more than just a direction change across the face.

Refering to a third example in Figure 2-15:

1. The surfboard will tum up the face.

2. The surfboard will drop down the face increasing its velocity as it moves
out ahead of the wave in approximately the same direction as the initial
direction.

3. The surfboard will turn down the face with the direction of the advanc-
ing wave, increasing its velocity as it moves down the face. Very likely, if
the weight is kept here, the outside rail will bury itself at the bottom of the
wave and the ride will be over.

4. The surfboard will tum back sharply on the face and reverse its direction
to move across the face the other way.

These changes are related to making forced turms on a wave face using the fin,
which will be discussed later. In this current discussion on traversing, the fin

is assumed to be large enough to maintain the generally straight line movement

fiptanidar
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FIG 2-15 WEIGHT SHIFT — 3rd EXAMPLE

of the board. The oaly requirement here on the fin is that it be in the water at all
times.

The first two examples just described are comparisons of two simple equilib-
rium conditions that bring out the concept of relative surface area, planing across
awave face, and how the surfboard tends to create its own water surface to plane
on. Weight movement around on the board was very small, so as to not get
involved much with fin forces in a full-on turn. The two examples are simply
idealized states of equilibrium in translation.

Drag is the ultimate force limiting velocity, drag increases with velocity. With
a well designed board, the drag will be very low at high velocity. When the surf-
board is moving in its plane, the drag forces on the board are minimized. To get
up to high velocity depends upon the forward forces on the board. The greater
these forward forces, the shorter length of time required to attain maximum
velocity. In other words, a surfboard can be a super-low drag shape but be inef-
ficient in obtaining large forward forces. This type of surfboard will require a
longer time to accelerate to top speed or require special wave conditions to get
moving. If the surfboard has medium drag and a lot of surface area, sometimes
the surface area can be used to acquire extra forward forces to get it going.

In practical wave situations it is often the case to resort to a trade-off between
drag and forward forces, maximum speed occurring when the board is not moving
in the plane of the surfboard.

One such case is when the surfboard is driving down the face at an angle for
maximum speed, trying to beat a breaking section that is closing out. The surfer’s
weight is forward on the surfboard shead of the wetted bottom surface area.
There is a constant torque on the board tending to rotate the surfboard down the
face. The surfboard will rotate to an attitude where the torque is balanced out
by drag due to water “pulling” undemeath the tail.

As much of the inside rail isin the wave as the situation permits. The advancing
wave face pushes on the rail and bottom. The drag is greater because the surfboard
is tending to pull water. The extra drag is overpowered by the forward forces on
the rail and the torque due to the surfer’s weight being far forward.
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FIG. 2-16 DRIVING DOWN A FACE

The surfer is making a trade-off between forward forces and drag to get a
maximum resultant forward force on the surfboard. This is often called trimming
up the board.

Velocity will continue to increase uatil a terminal velocity is attained, or the
board moves out onto the flat water ahead of the wave, which ever comes first.

Inthe flat water, the forward forces disappear and all the surfer has going for him

is lots of momentum,

When terminal velocity is reached while still on the face, two results can occur.
If the component of surfboard velocity in the direction of the advancing wave is
greater than the wave velocity, the surfboard will still move out ahead of the
wave,

Ifthe velocity component is equal to the wave velocity the surfboard will stay
on the face in a state of equilibrium at the mercy of the wave. This is usually the
case when locked into the tube on a steep face in an all-out attempt to keep up
with the cud. The surfboard will remain in equilibrium as long as the wave
maintains its relentless attempt to suck-up the surfer.

This business about pulling water can be explained by the direction the
surfboard is moving through space, relative to its position with the water, When
pulling water, the top of the surfboard is facing the direction of movement.
Water trying to move away from the bottom creates drag acting to limit maximum
velocity.
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FIG, 2-17 PUSHING WATER

When mushing along, the surfboard is pushing water underneath the tail, with
the water inertia forces acting to slow the surfboard down. The surfboard is
moving through space with the bottom facing in the direction of movement,

FIG. 2-18 PULLING WATER

SURFBOARD DYNAMICS 3.

TURNING ON A WAVE FACE

Making a turn on the face of a wave is much the same as described for the
bottom turn. There are some marked differences. The water line on the board in
the turn is not usually pointed in the direction of tumning movement, because
the board is not usually moving in the plane of the water surface. The board is
moving out of the water surface. The board never gets out of the water because
the wave always moves along with the surfer, pushing on the board as the two go
along. ’

When the board assumes a tum bank angle in the water, the effect of the water
wall created by the bottom of the board is detenmined by the initial direction of
the surfer’s momentum.

To explain this, Figure 2-19 shows a board in position for making a left turn
away from going straight-off. The surfer has put the board in this position by
shifting his weight on the board.

Initially the board could have been moving in two different positions before
changing to the tum. From each position the forces creating the tum are different.

FIG. 2-19 IN POSITION FOR A TURN

In the first case the board could have been in general equilibrium moving
along with the wave at the wave velocity. The surfer’s velocity and momentum
directed approximately horizontal. In changing to the turmn position the left rail
is lowered below the right rail.
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FIG. 2-20 TURN FROM LEVEL

There is no great change in the inertia force on the surfboard bottom. There
isn’t even a fin surface area presented to the onrushing water in the direction the
surfboard is moving.

What forces the turn then? The orbital force. When the left rail is lowered
below the right, the fin rotates about an axis along the center line of the surf-
board. When the fin rotates like this it presents its left surface area to water
moving straight up into the bottom of the surfboard. Water particles tracing out
their orbits near the face of the wave have a direction that is generally upward.
These particles apply a force on the fin.

In the second case the board is driving down the face before the tumn. Its
velocity and momentum is directed down at an angle away from horizontal. In
changing the surfboard attitude for the turn, the nose is raised in relation to the
tail and the left rail is lowered below the right. This is apparent when the surf-
board is viewed coming straight at an observer, both before and after the change.
This is generally the view seen by the onrushing water.
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FIG. 2-21 TURN FROM DRIVING DOWN FACE

SURFBOARD DYNAMICS 3s.

There is an impulse force on the bottom of the board deflecting the surfboard
into the tum. The left surface area of the fin is presented to the onrushing water
creating the required torque on the board to continue forcing the board into the
tum. The board is banking off a wall of water against the bottom. Looking at the
board after it has changed to the tum position, (Figure 2-22) the change in
momentum resulting from the new water displacement is approximately as shown.
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FIG. 222 MOMENTUM CHANGE

The tum radius will be controlled by the water line on the board being an
approximation of the arc traced out by the turn and the ability of the fin and
rail to hold the board in the tum. Usually on the wave face the board is riding
more out of the water so there is not as much wetted area as in the bottom
tum. This means that the water line will be shorter because the tail of the board
is usually narrower than in mid-board.

The new direction the board takes in making its turn in both cases cannot
easily be defined because it depends upon many varables. There is a shape trade-
off here in how the rail outline is curved on the surfboard. The rail outline
determines the bottom surface area available for banking off the water inertia.
Greater surface area provides more banking force, as long as the surfer is able to
use his weight to change the bank of the surfboard. The surfer’s weight is gener-
ally supported by water inertia and buoyancy. In sinking the tail he is over-
powering both surface area forces. and buoyancy forces to create whatever bank
angle is necessary.

In general the greater the bank angle the sharper the tum possible. The shape
of the inside rail cross-section has a lot to do with holding an edge in the turn,
and resisting the fin torque. The shape of the outside rail will also affect the
tum, because water deflected across the bottom will be trying to leave the board
via the outside rail. If the water can’t make a clean break with the board, it will
tend to curl around the outside rail, and in effect stick to the board. When the
water does this, the effective weight of the board is increased making the board
react more slowly to changes in velocity.
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FIG. 2-23 VIEW OF TURNS FROM INSIDE CURL

The inside rail is the leading edge of the board as it moves through the water
sideways in the turn. Fluid dynamic forces on the rail will affect the direction of
the plane of the board, depending upon the shape of the rail. This effect will
cause a turn on the face to depart radically from the straight forwardness of the
bottom turn. The rail can cause the board to dig into the wave deeper or the,
opposite of trying to pop it out of the wave. When it digs in it is said to be
“holding an edge”.
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FIG. 2-24 FRONT VIEW OF TURNS
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So much for little weight changes in translation. Now let’s get into big changes;
where the action is.

If, instead of moving his weight slightly back, the surfer stomps on the back
inside rail, the board will react by digging the rail into the wave face and rotating
the fin so its inside surface starts catching water. In doing this the plane of the
surfboard assumes an angle up the face. Ideally, as the wave advances the surf-
board is pushed up its plane and the surfboard carves up the face heading for the
sky. But, of course, there being as many variables as there are, a number of
different things can happen.

For one, the surfboard could side-slip out of the tum getting nowhere. For
another, the board could be stuck in the wave at a funny angle and instead of
moving across the face, rise up the face with the water, like an elevator. The
surfboard would reach the top pretty fast, but with no speed across the face.

Putting a big weight change on the outside rail will pull the inside rail out of
the wave and turn the board down the face. If the inside rail is really stuck in the
wave the surfboard will hang-up and the turn back will be slow.

SURFBOARD DRAG
From basic fluid mechanics theory on emersed body movement, there are two
water properties that contribute to drag; water inertia, and water viscosity.
The effect of water inertia is to create a pressure drag, or lift on the body.

Pressure drag is proportional to the projected area of the body normal to the
flow.
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FIG. 2-25 SURFACE DRAG
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The effect of water viscosity is friction, or surface drag, and is proportional
to the area of wetted surface paralleled to the flow. Surface drag results from
resistance of water layers sliding one upon another as the body moves through
the water, changing the momentum of the water. The water touching a surface is
moving along with the surface. Just off the surface the water is moving slower.
Surface drag increases with velocity. Smooth water flow (laminar) will sometimes
change to turbulent flow at some point along the surface, if the surface islong
and the velocity is high.

Flow
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FIG. 2-26 SHAPE DRAG

When the leading edge has a surface area projected into the direction of
movement, such as water flowing into a surfboard rail, there is a pressure gradient
due to water inertia, that tends to hold the boundary layer close to the surface.
There is a high pressuré stagnation point on the rail, which water particles avoid
as they come into the boundary layer and move into the lower pressure region
alongaﬂ the surface inboard from the rail. There is accelerated flow over and under
the rail.

Downstream from the rail the water slows down and depending upon the
surface curve, could pull away or separate its flow from the surface. If this occurs
there is reverse flow along the surface beyond the point of separation. In other
words, water would be trying to flow along with the surfboard in the direction
of it movements. Some water could be “pulled” along with the surfboard.

The pressure in the region beyond the point of separation is less than the
pressure at the stagnation point, resulting in 2 net pressure difference on the
board directed into the rail. This is called pressure drag, or shape drag.

The wake is characterized by turbulent eddies that slowly dissipate themselves
far downstream.

Total drag is the sum of the pressure and surface drag.

Usually in a well streamlined body, the surface drag is a major part of the
total, but in the case of a surfboard, pressure is a major factor in determining
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changes in direction. The board is constantly using pressure on its surfaces to
maintain stability and hold in turns and wave faces.

The object of streamlining a surfboard is to move the point of separation as
far back as possible to reduce the turbulent wake to a minimum. This decreases
the pressure drag, but making the surfboard longer increases the surface friction
drag.

The shape of leading edges, such as rails, are important concerning drag in
that they govern the location of the separation point back from the rail.

Two other factors enter into the shape of the rail that are probably more
important than drag due to separation. That is the stagnation' point and the
resulting pressure distribution around the rail.

RAILS

A rail moving into a water surface will penetrate the water as deeply as it can,
until the buoyant force stops its movement. Rail velocity relative to the water
will give rise to water inertia forces to further impede its penetration.

The shape of the rail cross-section will determine dynamic pressure distribution
around the rail, resulting in a possible change in its direction as it moves further
into the water. For example, the three rails shown below are pushed directly into
the water at an angle, such as might be experienced in a bottom tum.

The hard rail will tend to put the board more on edge. The soft rail will go
straight in. The third rail will tend to level the surfboard out.

SOFT
RAWL

FIG. 227 RAILS PUSHED INTO WATER
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If the water happens to be on the face of a wave, and the surfboard is level,
the hard rail will bite into the wave with the bottom catching more water rising
up the face. The board will tend to move with the water flow up the wave face.

The soft rail won’t change its angle with the water. The third rail will tend to
tuin down the face. ’

'|-<— iuTo FACE

FIG. 2-28 RAIL BITE

The hard turned-down rail has evolved into a very popular rail with many
variations tending toward the soft or egg rail.

In moving across a wave in translation, the movement of the rail relative to
the wave is in two directions. There is & small velocity component directly out of
the wave approximately equal to the wave velocity, and a larger velocity com-
ponent along the face of the wave.

Water flow around the rail can be examined individually for each velocity
component. Looking at the rail cross section perpendicular to the wave face,
water flow is diverted along the bottom and cleanly released by the hard edge of
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the rail. There is an area of suction or low pressure directly behind the rail
because the water cannot follow the curvature of the sharp comer. The surf-
board will tend to move further into the face until this area is filled with water.
If this was the tail of the board instead of the rail, it would constitute a high
drag situation. The speed of the board would be limited to the wave velocity,
relying primarily on the buoyant force to push the board along. To get the board
moving again the tail would have to break free of the water filling in on the upper
surface and back into simply releasing water off the lower edge. Needless to say,
this kind of tail sucks!

WAVE VELOGQITY

‘T BOARD
* VELOCITY

FIG. 2-29 RAIL SUCTION

Looking at the rail cross-section paralleled to the wave face from inside the
board, the water flow is much more streamlined. The velocity component of the
surfboard along the face is generally cutting through the water rising up the
wave face. The flow lines tell the story and show that this is a low drag situation
in the major direction of movement.

REtATive
WATER
FlLow

VIRTUAL

S
-

WATER RISING UP WAVE FACE

FIG. 2-30 RAIL FOIL
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There is an apparent stagnation point on the leading edge of the rail, but it is
not a permanent one. Water flowing into this leading surface is diverted along
the inside rail edge, tending to fill in or sweep away the suction, Water is flowing
under and over the rail. There is some disagreement as to whether it is better to
have the water flowing over the deck or pushing off and away from the board
by the rail. A surfboard that takes a lot of water over the rail onto the deck,
usually creates more problems than it cures, the surfboard tends to hang-up with
rails biting deeper into the water than necessary.

The surfboard is planing on a “ledge” it has created for itself. The shape of
this ledge is in large part determined by the rail outline and the location of the
fin. A fin has to be in the water to maintain the surfboard’s direction.
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FIG. 2-31 PLANING ON A LEDGE

The amount of ledge area required to support the surfer is determined by the
surfboard velocity. Higher velocity permits less area. A narrow ledge usually
requires that the rail have a hard edge on it to hold on the wave face.

Other factors enter into the shape of the rail, because the surfboard is not
always screaming across the face of a wave. A general purpose rail should permit
many maneuvers on a wave and leave as much control to the surfer as possible.

Curve in the bottom rail edge will permit rolling up on a rail somewhat,
without changing the buoyant force.

Most of the time the surfer’s weight is supported by both buoyancy and water
inertia. If the rails are hard down all around the board, the water inertia force will
predominate. When this situation exists, to change the aspect angle of the surf-
board, the surfer has to overcome the inertia force and a newly acquired buoyant
force as the surfboard sinks further into the water. If there already is a buoyant
force, changing the surfboard aspect angle will simply move the buoyant force to
another part of the board without requiring as much extra force, making the
attitude of the surfboard more sensitive to shift in the surfer’s weight. Such is the
case with soft rails and rounded bottoms.
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Of course the ideal would be to design the surfboard so that overpowering the
inertia forces is relatively easy and the surfboard would not acquire extra drag
by displacing water around the part of the surfboard immersed in the water.

A case in point is a Vee, placed in the tail around the fin. At high velocity it is
relatively easy to change from planing on the forward flat bottom to planing on
one surface of the Vee. Planing on the Vee rotates the fin into a position to begin
the turn. Once into the turn, the rail can dig in and the surfer is banking off the
water into a turn that might otherwise have been a major effort.

FIG.2-32 RAIL DRAG

A soft rail on the bottom side generally has higher drag associated with it.
There is no definite point on the rail where water can deanly release from it. The
water flow will try to continue flowing along the curved surface as it curves up
onto the deck. This creates extra turbulance at the rail and pulls water along with
the board. The effective weight of the surfboard is increased and energy is dissi-
pated in creating eddy currents behind the rail.

A rail that changes in general cross-section shape along the length of the surf-
board, can produce all kinds ofinterestingeffects on performance. The full range
of possibilities seem yet unexplored. The winged rail is one example.

FIG. 2-33 PLANING ON A LEDGE
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Chapter 3

Design Layout

A surfboard can be designed by putting down on paper specific dimensions
for shapes that can be built accurately.

A basic design is made up of three (3) drawing and two (2) tables.

rail outline

rail cross-section
fin outline
rocker table
thickness table

From the drawing, templates are made out of heavy paper and posterboard,
to be used as guides when shaping the surfboard. The two tables are used during
shaping to define thickness and rocker.

With this design method and the shaping procedure described later, it is
possible to build two surfboard that are near enough alike to be considered
functionally identical. The following sections explain how to make these
drawings, tables, and templates.

RAIL OUTLINE DRAWING

The rail outline, or plan view, is the outline of the surfboard seen when look-
ing directly down onto the top of the surfboard. This drawing is made accurately
to scale. Any scale is acceptable as long as an accurate template can be made
from the drawing. The example below is an explanation and suggestion of how
to make this drawing and derive a template from it.

EXAMPLE Use a scale of 5 to 1. Use tracing paper that is quadrille lined, 10
lines to an inch, on one side and unlined on the other side. Draw on the unlined
side. The quadrille pattern can be seen through the paper, making drawing erasure
possible without erasing the quadrille pattern.

With a scale of 5 to 1, one inch on the paper represents 5 inches on the full
size surfboard. This scale matches with the quadrille pattern on the paper. Full
size surfboard dimensions can be read on the drawing without using a ruler scale.
In other words, 10 spaces on the quadrille pattern under the drawing represents
$ inches on the full size surfboard, 2 spaces represent 1 inch. Accurate full size

o

DESIGN LAYOUT

NOSE /2 wiotH
00  inches

O-NGwaOwG®0

3.80

825
8.56
&80

45,

6’ 6” TEAR DRop

2,50

4.60
5.5%
6.15
6,67
7.2

7.52
1.90

9.25

6,00 inches
570 2 835
5.42

10
4.75 7.45

4.40

4.00 680
3.60 1 600
3.10
2,60
2,00
1.25
o0

TAIL Y2 wiorH

400

FIG. 3-1 RAIL OUTLINE DRAWING




SURFBOARD DIMENSION z;z"

46. SURFBOARD DESIGN AND CONSTRUCTION

dimensions to within one tenth inch (0.1") can be read from the drawing using
the quadiille pattem.
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FIG. 3-2 RAIL OUTLINE SCALE

All the drawing dimensions are in inches. Avoid working with dimensions
using feet and fractions of an inch because it tends to create confusion. For
example, a number like 15.3" is easier to work with than 1°3-5/16”.

Begin the drawing by marking the surfboard width one foot from the nose
and tail, and the width at its widest point somewhere around mid-board. Draw
the rail curve through these points using a french curve. All the drawing equip-
ment and paper you might need is described at the end of the chapter.

Try to make the curve as continuous as you can, Sometimes a drawn curve
will appear to be smooth when looking straight down at it, but actually may have
some irregularity in it. These can be spotted by sighting down the curve with the
drawing just below eye level. Draw both sides of the surfboard to get an idea of
what the completed view looks like.

A template is made by magnifying the curve drawn over the quadrille lines
and recreating the relative points on the expanded pattern where the curve and
pattern lines cross each other, Make the pattern S times bigger and the curve will
be that of the full size surfboard. The template can be made of heavy butcher
paper.

Figure 3-3 shows circles around points on the curve that are sufficient to
recreate the curve on the template. Only those lines of the quadrille pattem
intersecting these points need be drawn on the template paper to define the
curve. Use a straight edge to draw the center line of the surfboard on the
template paper, and a right trangle to draw perpendicular lines extending away
from the center line to the points on the curve. A smooth line drawn through

- ;IO LINES PER INCH
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these points that is good enough to follow with a pair of scissors, a little cutting,
and you've got yourself a very practical template. The template is to be laid out
on the surfboard blank and the curve traced with a soft lead pencil.

FIG. 3-3 RAIL OUTLINE TEMPLATE

Only one side of the outline need be made because the other side is a mirror
image and can be tumed over to trace out both sides on the blank. The template
can be made in two sections, one for the nose and one for the tail. The center line
is a reference that will line up the two sections together.

Later on a permanent template can be made out of heavier material if the
curve tums out to be a functional one and you are making a lot of surfboards
with it.

If you are taking a rail outline from another surfboard, simply lay the surf-
board on the paper and trace it out with a pencil run along the rail. Be sure to
mark the location of the nose and tail center line.

ROCKER

Rocker is the longitudinal curve of the surfboard bottom along the center line
from nose to tail. It is referenced to a straight line. The amount of deviation in
inches can be defined at specific points along the straight line.

Since most surfboards have little or no rocker or lift in the tail, it is a good
idea to use the tail as a primary point of reference. Moving from the tail along the
bottom center line, the rocker curve will deviate away from a straight line as it
curves upward toward the nose.
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Measuring this deviation is easier to visualize by an example. The 6 6” surf-
board design described in this chapter has a rocker curve that is %™ away froma
straight edge held flat against the tail, at a point that is 48” from the tail. The
rocker curve is 1™ away at 56" from the tail. As the curve progresses toward the
nose succeeding points are noted for deviations of 2”,3”,4” and so on.

6’ 6" Teardrop

ROCKER TABLE
DESIRED
POSITION ROCKER
Nose ® + 6” 5 inches
® + 3 4
® + 10" 3
®+ 5 2
@ + 8 1
@ %
Tail 0
6’ 6" Teardrop
THICKNESS TABLE
DESIRED
POSITION THICKNESS
Nose ® + 8" 2.4 inches
@ + 8 29
@ 3.0
® 3.0
@ 2.5
@ 18
Tail  +3” 1.2
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Some surfboards have so much lift in the tail that by the time you get to the
nose, the deviations away from straight are so large that it is almost impossible
to accurately measure them. In cases like this, choose a primary reference point
that is 2 feet from the tail and hold the straight edge against the bottom at that
point.

Shaping rocker can be a difficult part of shaping a surfboard. Often times a
shaper will rely on using the rocker that is already in the rough blank as it comes
from the manufacturer.

The chapter on shaping explains in further detail how to arrive at a close
approximation of a desired rocker curve from a rough blank that has less rocker
in it than desired.

Measuring rocker on a surfboard is relatively easy and should be done on
every surfboard design you make.,

78"
15" {
70* ; {
TAlL 56 ,,6 + Nose
48"
G, 7% XA
l STRAIGHT &0G6E
Q.5"
Lot
2" 3!!
FIG. 344 ROCKER MEASUREMENT 4" 5
CENTER THICKNESS

Surfboard thickness can be defined at 1-foot intervals along its center line. The
tapered thickness from nose to tail is often refered to as the over-all foil of the
surfboard. A foil is one of several arcs or lines that enclose a complex shape, in
this case the surfboard.

It is usually best to coordinate thickness with width because the surfboard
will be more balanced. Thickness is a general indication of buoyancy. When the
distributed buoyancy is related to width, the surfboard will tend to have the
same responses at different speeds. At slow speeds the lost support from planing
over water on the bottom surface area is taken over by buoyancy in approximate
proportion. At higher speeds the planing effect predominates and buoyancy is
secondary,

RAIL CROSS-SECTION DRAWING

The rail cross-section is a cut-away view of the rail that would be seen if the
surfboard was cut in half perpendicular to the center line of the surfboard.
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Figure 3-5 is a dr _sme=me======sy=awing of a single rail cross-section showing the interssction
of bevels and the rese =z =wzxx=: z=sulting rail shape. This drawing is actually one of a set of
drawings for rail crC o mwe————eesesss_ss-scctions at 1-foot intervals along the length of the surf-
board. Each can be es———————Wrawn full size.
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FIG. 3-5 RAIL CROSS-SECTION DRAWING

Templates cut out— of poster board are made using the dimensions of the rail
cross-section drawingz —__________ A first template has both the first and second bevels in it.
The second template "IN 125 only the first bevel in it.

A surfboard 6’ 6’ long could have as many as six rail cross-sections drawings
and twice as many ces =rresponding templates. Usually this many drawings are not
necessary because sor-mm=————————c—j¢ cross-sections are identical.

The templatcs are=s intended as a guide to check the rails during the shaping

process. Once a persc_—menessssssssssn gets the hang of shaping the rails with this method, the
templates are not use -ee—————————7 so much.

Most designing oME————-——--_- a rail can be done by simply defining these bevels. Of
course, if a rail curve=——mmssssssssss- is obtained from another surfboard or just plain thought
upanddrawnout orme . ____ paper, the bevels to shape can be fitted around the curve.

DESIGN LAYOUT s1.

BEVELED
RAIL
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FIG. 3-7 RAIL CROSS-SECTION TEMPLATES




50. SURFBOARD DESIGN AND CONSTRUCTION

Figure 3-5 is a drawing of a single rail cross-section showing the intersection
of bevels and the resulting rail shape. This drawing is actually one of a set of
drawings for rail cross-sections at 1-foot intervals along the length of the surf-
board. Each can be drawn full size.

le—————3rd BEVEL 4" "

fe—————— 2nd BEVEL 4"

—
2" i faf BEVEL 4% ——1

N
3.0 THICKNESS \

BOTTOM //

=

2.

1-5'-+——— PR pp—
2nd BEVEL 3% ——]

FIG. 3-5 RAIL CROSS-SECTION DRAWING

Templates cut out of poster board are made using the dimensions of the rail
cross-section drawing. A first template has both the first and second bevels in it.
The second template has only the first bevel in it.

A surfboard 6’ 6” long could have as many as six rail cross-sections drawings
and twice as many corresponding templates. Usually this many drawings are not
necessary because some cross-sections are identical.

The templates are intended as a guide to check the rails during the shaping
process. Once a person gets the hang of shaping the rails with this method, the
templates are not used so much.

Most designing of a rail can be done by simply defining these bevels. Of
course, if a rail curve is obtained from another surfboard or just plain thought
up and drawn out on paper, the bevels to shape can be fitted around the curve.

1
®

Lo" goee

DESIGN LAYOUT

BEVELED
RAIL

FIG. 3-6 RAIL CROSS SECTIONS
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SQUARE
RAIL
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1st BEVEL
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2nd BEVEL
\ \
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FINISHED
RAIL

FIG. 3-8 SHAPING A SINGLE RAIL CROSS-SECTION

DESIGN LAYOUT

2 TAIL

FIG. 3-9 SET OF RAIL CROSS-SECTIONS
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54, SURFBOARD DESIGN AND CONSTRUCTION
A good approximation of 2 rail cross-section on another surfboard can be
obtained with a piece of soft lead wire, or solder, wrapped smooth around the
rail.
The rail is shaped by planingeach bevel, or bands as they are often called, along
the full length of the rail. All cross-sections are involved in each beveling step.

N
N\
:ﬂw@éf\&\\\\\\§§§¢% %

e

LF

FIG. 3-10 BLENDING TOGETHER RAIL CROSS-SECTIONS

Rail shaping begins with a rail that has been made square with the bottom of
the surfboard after the rail outline has been cut out on the blank. Bevel position
should be accurately referenced to the bottom edge.In this way the position of
the rail relative to the bottom surface can be controlled. If this part gets screwed
up the performance of the surfboard can be drastically affected.

Defining dimensions () and (B) at the rail is critical, because they determine
the location of the rail edge and the general flow of the rail along its length.
These two dimensions should always be refenced to the bottom.

Blending together successive rail cross-sections on paper is a bit tricky. Begin
by defining check points &) and along the rail so the flow lines will be
continuous curves of straight lines. Change in thickness should be gradual. For

DESIGN LAYOUT 5S.

cross-gections 1 foot apart a 0.4” change in check points is an extremely big
change and often impractical. Small changes on the order of 0.1” will produce a
pronounced rail change. If repeated over a distance of 4 feet, about half the
Isngth of most surfboards, the rail would rise or fall about 0.4”. For a surfboard
3" thick this would be equivalent to about a 30% change in rail position consid-
ering that the surfboard has a top and bottom with the rail equally shared by both.

It should be obvious that considerable lattitude is available in defining a rail
with these drawings. Accurate modification of a specific rail is relatively simple
and shaping the rail can be accomplished with a good degree of confidence.

NOSE AND TAIL SHAPE

In special cases, a template for the tail cross-section can be made. The tail is
not usually shaped by its own bevels because the rails from both sides merge
together at the tail.

TAIL TEMPLATE

’ -~

B =]

FIG. 3-11 TAIL CROSS-SECTION

The nose often does not adapt itself easily to making a cross-section drawing
because it is usually part of an oblique curve of the rocker line curving upward.
The shape of the nose can be left to be defined by the merging rails.

SPECIAL SHAPES

Vee bottoms, concave surfaces, special rails and tails can be treated as devi-
ations from basic shapes. Each deviation being a special case.

An approach to defining these special cases should be to first design the basic
shape, and then make modification. Changes of a design should be done in a way
that does not make shaping marginally affected areas more difficult.

sinesafines sl R RS
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FIG. 3-12 SHAPING A FISH SURFBOARD

DESIGN LAYOUT 57,

Shaping a Vee in the tail for instance, can be controlled by measuring its
deviation away from the flat bottom. Use a 6 foot straight edge laid on the flat
part of the bottom forward of the tail. A very slight vee will be about 1/8” higher
than the center of the tail. Shaping a vee should be done before the rails are
shaped, because the bottom edge rail line can be made fair without screwing up
the rail lines.

Concave surfaces are a bit more complicated to shape. Define a concave by its
depth into the surfboard and its surface area. Templates can be made up for
specific sections along the concave.

Let your imagination fly and see what you come up with.

FIN DRAWING

A side view of a fin, drawn over a ¥ quadiille pattern makes it easy to
measure its surface area by counting the squares.

The center can be located by finding a horizontal line through the fin that has
an equal number of enclosed squares above and below the line, and then finding
a similar vertical line. Where the lines cross is the center.

Projecting the center down onto the surfboard is a good way to define its
location on the surfboard. In this way non-identical fins can be placed at the
same location on the surfboard for comparison. They could be fins of the same
surface area but different outlines or completely different fins.

Other notes about a fin can be put on the drawing such as; thickness, foil or
mounting angle on the surfboard.

FIG. 3-13 FIN OUTLINE DRAWING
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DRAWING EQUIPMENT

The list of drawing equipment below is all that is needed to make the drawings
for a surfboard. The total cost of everything is about $20. Of course, you don’t
have to rush out and buy all this stuff; make do with whatever happens to be
around the house.

drawing board 20 x 26”

T-square, 24" long

18" ruler marked in tenths of an inch
450 right trangle

2 french curves

backing paper for drawing board-unlined
masking tape -

tracing paper

The backing paper should be taped over the drawing board. Leave one edge of
the board exposed for the T-square to rest against.

The two french curves shown below have enough curves in the right propor-
tions to draw just about any rail outline.

Tracing paper with 10lines per inch on one side can be purchased in 17 x 22"
sheets. A number to ask for is Clearprint No. 1000H-10, or efficiency cross-
section paper No. 1110.

3

I

FIG. 3-14 FRENCH CURVES

Chapter 4

Surfﬁoards to Build

The surfboards described in this chapter are just a few of the many shapes
that aro currently popular. All of the possible variations on these shapes are not
discussed because the intention here is to provide basic shapes.

Usually a surfboard is tailored for the person who is going to ride it. Length
and thickness depend partly on his weight. It is not easy to say that a particular
surfboard should be riden by a particular weight surfer because there are many
surfers weighing over 180 pounds that are riding a surfboard that would be
recommended for a much lighter surfer with less experience. A beginning surfer
will find a larger surfboard much easier to leamn on. Greater floation will make
catching waves easier and the surfboard will seem more stable to ride.

Most of the surfboards given here are for experienced surfers whose average
weight is between 140 to 160 pounds. A large surfboard for a 130 pound surfer
would be a small surfboard for someone weighing 180 pounds. Each would find
the same surfboard different to control. The shapes given here can be made 2
few inches longer or shorter by adding or subtracting from the length in the
middle of the rail outline (plan) template when it is laid out on the foam blank.
They can also be made slightly thinner or thicker in the center without greatly
changing the basic shape of the rail cross-section. It is also possible to use the

rail outline from one surfboard and the rail cross-sections from another as long
as the thickness corresponds.

There is an endless variety of fins that can be used on these surfboards. Use of
a fin box makes experimentation easy because fins can be interchanged. Only &
few fins are given here as examples.

I want to thank the people who provided some of the surfboard shapes and
have given a brief discussion about them and their involvement with surfing.

STEVE LIS

Steve is the original developer of the fish. He first built it as a kneeboard for
himself, then he built a few as surfboards for his friends. The transition between
the super slow paddling take-off to the super fast speed turn-on shocks your
awareness into a new time frame. The fish has affected a lot of surfers the same
way. You have to ride it to believe it. ’

i



60- SURFBOARD DESIGN AND CONSTRUCTION

Steve has been surfing in and around San Diego for the last.11 years. Living
close to Sunset Cliffs has provided him with a good proofing ground for his
kneeboarding and surfboard shapes. He makes occasional long term trips to
Mexico and has spent 3 years on Kauai.

He is totally involved in the discovery that surfing has to offer and is currently
working on a new dimension by combining the kneeboard and surfboard.

TONY STAPLES

Tony likes to surf with a strong accent on hot dogging and manueverability.
He grew up surfing in Pacific Beach and La Jolla, California. He got into shaping
his own surfboards in the 8th grade. For the last 5 years he has been riding
rounded egg type surfboards that he specializes in shaping. Tony has recently
opened the Solana Beach Surf Shop where he takes custom orders for his shapes.
His father helps him operate the shop. Tony has placed well in a number of
surfing contests, and is respected for his surfing and shaping ability.

RICK McHALE

Rick is a student studying criminal justice in Long Beach, California. He is
also an independent student of art, doing mostly paintings and drawings of
surfing and ocean scenes,

He began shaping his own surfboards about 4 years ago. Once past the trial
and error stage he began making surfboards for side money, and set up an
arrangement with a friend to do the fiberglassing. An original home grown
business was born. He is open to sharing techniques of surfboard shaping with
beginners because he finds it expands his interest in surfing.

Rick has experimented with the swallow tail for about 3 years, doing most of
his surfing in and around Huntington Beach. The 6’ 7" swallow tail given here is
one that he is currently riding.

ED TALBOT

Ed has been involved in surfing and making surfboards for the last 8 years.
He originally worked on surfboards in Greg Noll's shop in Hermosa Beach, Cali-
fornia. Within three years he was signing checks and handling other responsi-
bilities. He found that he liked working with customers and was good at the
business end of operating a surf shop.

Three years ago he opened his own shop in Hermosa Beach with expert
shapers Bob Moore and Pat (Gumby) Ryan doing the shaping. He co-sponsored
a winter surfing contest that went off very well, Ed frankly admits that the
energy he gets from surfing helps him do all the things he is into.
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6’8" EGG ROUND TAIL
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6’10 SWALLOW TAIL SURFBOARD
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. SURFBOARD TO BUILD 83.
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I 3 84. SURFBOARD DESIGN AND CONSTRUCTION SURFBOARD TO BUILD 8s.
i ‘ 6’4" HAWAIIAN SHAPE SURFBOARD

s ROCKER THICKNESS
HAWALIAE  SHAE POSITION ROCKER POSITION THICKNESS
: t&—za-—v’-———/‘ 3.4 —— NosE .
, v Nose Nose
| . , 76" 512" © 147
; 15 , 5 ' 9 2.7
; 72 4 @ 33
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PLACES TO BUY SURFBOARD CONSTRUCTION MATERIALS

Green Room Surfboards and Supplies
4992 Newport Ave.
Ocean Beach, California

Mitch’s Surf Shop
631 Pearl Street
La Jolla, California

f—t—e p—t— =t

Koast Surfboards
1575 South Highway 101
Cardif, California

Hanifin Surf Shop
111 22nd St.
Newport, California

2,
SN, Wind and Sea Surf Shop
520 Pacific Coast Highway

TAL _ Huntington Beach, California

7" From TAW

Pt

b9 —od
)

Marina Fibercraft
702 Marina Drive
Seal Beach, California

E.T. Surfboards

FIG.4-22 6’4" HAWAILAN SHAPE — RAIL CROSS-SECTIONS 2{1:‘:‘::‘;‘:‘::3"‘1' formia
td




Chapter 5

Garage Workshop .

A place to make surfboard does not have to be a specialized area. There should
be room to move around and stand back away from the board a bit.

Basic requirements are proper lighting, 115 vac power, ventilation, running
water in a sink of some sort, and a place for trash. A simple work bench is also
convenient.

Shaping and glassing racks should be permitted relatively fixed locations. Less
moving around of fumiture is also desirable to avoid extra hassle. Lay down
heavy tar paper undemeath the glass rack so resin can pile up on it instead of on
the floor. Building e surfboard tends to make a big mess; with foam dust, cuttings,
and sanded fiberglass building up 8 layer on everything in sight. Usually a mess
doesn’t detract from invalvement with the work, seemingly riding on a crest of
anticipation that builds as the surfboard takes shape.

1f the place is rented, you might have to do some persuasive talking to convince
a landlord that his space is going to remain nice and neat and you have his vested
interest at heart. Some landlords are a special breed of worry-people who need
lots of coddling.

LIGHTING

Surface continuity will show up immediately with good lighting. Two lights,
one off to the side, and another above, that can be turned on and off independ-
ently, works out pretty well. Light from a single source will cast clean shadows
on the foam shape. Do not try to shape 2 surfooard outside with sunlight. Bright
light on a foam blank is like trying to look at snow in direct sunlight; it can be
seen, but its shape cannot.

VENTILATION

Good air circulation throughout the work area is a must. A source-of fresh
air should be available at all times 80 you can breath. Vapor from fiberglass resin
is highly inflammable.

GARAGE WORKSHOP 87.

Fiberglassing in an enclosed room can concentrate the resin vapor to the
point where it could be set off by a lighted match or the pilot light of a water
heater. Your local fire department can provide you with all kinds of requirements
for safe working conditions.

SHAPING STAND

The shaping stand is a holder that craddles one rail and holds the other up in
the air at about chest level for shaping. The surfboard blank can also be placed
horizontal on the stand for working on the top and bottom surfaces.

ROUND CORNERS
WITH SURFORM

7
S
6" o=g /z . WRAD SUPPORTS
P WITH SCRAP
4 e ’22 CARPET
31" %g
. .
; iﬁ; Y2" Plywooo
.
U
b
|
A b ‘

N

s

FIG.5-1 THE SHAPING STAND




88. SURFBOARD DESIGN AND CONSTRUCTION GARAGE WORKSHOP 89,
GLASS RACK POWER PLANER

The glass rack supports the blank for fiberglassing and serves as an altemnate Selection and purchase of a power planer is probably the first step toward

support for shaping. " serious surfboard construction, since it is the largest single capital outlay toward

Foam rubber over the contact points will provide a firm non-slip contact that shaping. Shaping without one is extra work. The cost ranges from $50 to $230.

holds the blank on the rack. ° An inexpensive planer is sold by Montgomery Ward for $50, model B8989. In

the high price range there is the Rockwell model 653, and the Skil model 100.
Features to look for are weight, width of cut, variable depth of cut, and
overall length. )
Lighter weight planers are preferred because they are easier to hold and control.
Working with foam, the foam itself cannot always be replied upon for supporting

70 7 the plane. It must be primarily supported by you holding it.
TAPE FOAM RUBBER : Width of cut varies from 1%” in cheap planes to 3" in higher quality planes.
R v A wide cut is preferred because you have more control over the area being shaped.
OVER EACH 27sq. =ty

Depth of cut should be adjustable; the adjustment should be possible when
b LOCK 1* Overall length should be around 16”. Short planes will tend to create irregu-

‘r ) . the plane is in use, although it is not necessary.
larities in long, flat cuts.

Wk .

;"L"‘ L3 Two kinds of cutting blades are available, hardened steel and carbide tips.
)

|

i

{

PESER
ST
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The less expensive hardened steel blades are good enough because cutting
foam does not put much wear on the blade.

4x4" PoSTS —*
ROUTER

— An inexpensive router will usually do most routing jobs related to surfboard

. construction. Most routing is for fin slots in foam. Sometimes routing is done
; through a layer of fiberglass for a fixed fin instalation. It is a light load on a

o
|
Pl{aWO oD router, so excessive power is not needed. Cost is about $45,
y 6‘ " ° For routing dlots, a 3/8” straight bit (Rockwell #80114) and a 3/8"” template

L4
o iy 5 . guide work well. The bit has a carbide tip for cutting through fiberglass.
I =4 |
: ) o - 4
! » ' 4
o P 7
b # JIG SAW

! A small hand-held electric jig saw or bayonet-type saw is useful for cutting rail
| outlines in blanks and fins out of fiberglass panels. It is also very useful for wood
1| cutting and odd jobs that show up from time to time like cutting out templates
Lo and making special jigs. The prices ranges from $25 to $135.
l i The saw blades are interchangeable so it’s really many saws in one. Depth of
, FIG. 52 THE GLASS RACK : cut ranges from 1-5/8” to 2%”.
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9. SURFBOARD DESIGN AND CONSTRUCTION

DISK SANDER

A portable electric disk sander cuts down 2 lot of the manual labor in
finishing fiberglass. Try to avoid using a high powered, high RPM sander. No
load RPM should be between 2000 and 4500; the lower the better. A light weight
sander is easier to control. Cost ranges between $35 to $100.

Most sanders have 5/8"-11 spindle thread for attaching the soft sponge rubber
backing pad used to save the board. A foam pad is necessary to help avoid gouging
and for working on curved surfaces. The pad consists of two parts; a hard rubber
back-up, and a foam replacement pad, such as made by Bear—part numbers 8B
and TMR, respectively. Sandpaper disks are glued to the foam pad with contact
cement or disk adhesive.

SURFORM

The most useful hand tool for finish shaping foam and smoothing rough fiber-
glass edges, is the surform.

It is actually a sophisticated file. It is a good idea to buy two sizes. A larger
one for surface planing and a smaller pocket plane for detail work. Cost for both
is about $8.

FIG. 5-3 THE SURFORM

GARAGE WORKSHOP
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92 SURFBOARD DESIGN AND CONSTRUCTION
RULER

A rigid ruler at least 18" long with scale markings graduated in 1/ l.Oths c.)f an
inch is needed for marking rail bevels corresponding to the template dimensions.

CALIBERS

Surfbeard thickness can be measured with calibers made out of wood. The
number scale on the back is made by opening the Calibers to 17, 2” and 3” etc,,
then marking the scale accordingly.

STRAIGHT EDGE

A straight edge used for measuring rocker can be bought at a hardware store
for about $3. Ask for a 6’ to 8 length of right angle extruded aluminum. Be sure
to sight down its length to assure yourself that it doesn’t have any bend or warp
in it.

BLOCK PLANE

A small block plane is used to remove very small amounts of foam during the
final shaping of the blank. Its usefulness over a surform is that it is more accurate
for removing very small uniform strips of foam when blending the rail surface
into a foiled surface. Be sure to keep its blade very sharp. A good small block
plane costs about $8.00.

FIG. 5-§ BLOCK PLANE

GARAGE WORKSHOP 93.
SANDING BLOCKS

Two blocks can be made that meet most of the sanding block needs for foam
shaping. One is a 24” length of 2” x 47 wood. Its wide side is planed flat with
the power planer and # 36 grit sandpaper fixed to it with contact cement.

The second block is a 17 x 4" x 8" piece of wood, flat on one side with a
door handle on the other. Sandpaper is held in place over the flat side by large
tacks driven into the ends through the sandpaper. Removing the tacks permits
changing to different grades of sandpaper.

A third sanding block, handy to have around for multi-purpose use, is a small
rubber block that fits into the palm of the hand. One type is called a “speed-
holder”.

FIG. 56 SANDING BLOCKS

FIN SLOT TEMPLATE

A slot in the surfooard for a fin or fin box is cut out using a router and a
template. The template is needed to cut out a clean slot with proper dimensions.

The template is nothing more than  flat piece of 3/8” thick plywood with an
oversize slot in it. The dimensions of the slot in the template are the dimensions
of the slot to be put in the surfboard, plus an extra fraction of an inch to allow
for the space taken up by the template guide on'the router.

The router template guide is asmall circular insert on the router that surrounds
the shaft of the router bit and extends below the router's bottom surface about
4. This template guide comes up against the inside of the slot in the template
and contains the cut of the router within the limits of the slot.

To make the template, use the router to cut the oversize slot in the plywood.
Use a 3/8” bit and a % dia template guide. The difference between these two
diameters is the space taken up by the guide, in this case 1/8”. The dimensions
of the oversize slot will be 4" greater than the slot to be made in the surfboard.
The oversize is twice the space taken up by the guide because there are two sides

* to the slot.




94. SURFBOARD DESIGN AND CONSTRUCTION

CENTER LING

FIG. 5-7 FINSLOT TEMPLATE

Get a flat piece of 3/8” plywood and four more pieces of the same thickness.
Cut the four pieces so they have straight sides that are longer than the dimensions
of the slot to be made in the surfboard.

Nail the four pieces onto the template to form a temporary template for
routing the oversize slot in the real template.

Rout the siot and remove the four pieces.

Saw around the template so there is at least 3” of surface on all sides of the
slot to provide for router support when using the template. Mark a center line
for alignment.

FACE MASK AND GOGGLES

When shaping foam and sanding fiberglass, protection for your eyes and
breathing is a good idea. There are two types of masks that can be womn. One is
a particle mask, an inexpensive paper or plastic mask that fits over the nose and
mouth to filter out particles and non-toxic vapors.

The other is a rubber mask called a respirator and is used by spray painters.
It has an interchangeable cartridge that will filter out toxic vapors. A good respi-
rator mask is made by Binks, model 40-28, for about $8.

GARAGE WORKSHOP 9s.

MISCELLANEOUS

Other small tools and materials that are useful in making surfooards are listed
below.

10’ metal tape squeegee

115 vac power extension cord single edge razor blades

key hole saw mixing bucket

semi-stiff hand brush 4 paint brush

soft lead pencil cleaning rags

masking tape acetone

10" 4-in-1 file sandpaper

sanding screen 2" thick sponge
BARE BONES

Reading through this chapter may scare you about the cost of power tools if
you don’t have the money to buy them. As far as making a surfboard goes, you
can get by with the bare bones list below for about $35.

surform

6 to 8 straight edge
24" sanding block
small sanding block
glass rack

key hole saw

hand brush

10’ metal tape

18" ruler (1/10th inch markings)
wood calibers
squeegee

All you have to do is add the extra labor. One step you may have difficulty
with is routing 8 fin slot. A router can be rented to do the job or you can take
the blank to a surfshop, and ask them to rout out a fin slot for you.
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Chapter 6

Shaping a Surfboard

Important factors to consider when picking out a foam surfboard blank are;
foam quality, center stringer, rocker, thickness, width, and length. Foam quality
is based upon its strength relative to its weight. It should be as light and strong
as possible. Most surfboard blank manufacturers produce blanks out of the same
type polyurethane foam. Strength and weight are determined by the foam
density. High density foam is strong and heavy, low density foam is weak and
light. .

Blank manufacturers usually sell two or three different density foam. Since
most of the overall strength of a surfboard comes from its center stringer and
fiberglass coat, it is usually best to use a blank that is made- of the lowest density
foam that the blank manufacturer produces, rely on his integrity and assume that
he is supplying optimum quality foam.

Center stringers are necessary to help control the longitudinal rocker of the
blank, when shaping and glassing the surfboard. They also help to retain the
rocker long after the surfboard is built. Usually a 1/8” stringer of cedar or red-
wood, placed down the center, is sufficient. Blank manufacturers put the stringer
in by sawing the blank in half, placing the stringer between the two halves and
glueing them back together.

Rocker of the blank should be checked with a straight edge that is as long as
the blank. Place the straight edge up to the bottom side of the blank. Measure
the rocker curve deviation away from straight at approximate points defined by
the design. The rocker curve of the blank should be slightly less than the rocker
desired on the finished surfboard, because it is much easier to shape more rocker
into a blank than to shape it flatter.

Thickness should be at least 1/2” thicker than the desired surfboard thickness.
Usually the extra thickness should be more than 1/2” because once the rocker is
shaped, there should be enough thickness left to complete the surfboard.

Thickness out toward the rails should be close to the center thickness so a
square rail can be obtained for marking off bevels. Some blanks have the foam
out toward the rails tapered thinner with the intention of making shaping easier.
These blanks should be avoided because the shaped rail will end up thinner than
desired when bevel dimensions for a square rail are used.

Width and length of the blank should, of course, be greater than the surfboard
to be built.

*0.48" Too THIN
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FIG. 61 EFFECT OF THIN RAIL ON BLANK

SHAPING PROCEDURE

The shaping process described is a working description of steps in a natural
sequence. Read it through to get a clear picture in your mind of how the shaping
is done. Sanding blocks should have about # 36 grit sandpaper on them, unless
stated otherwise.
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the blank) by making lengthwise cuts from tail to nose. Generally work the
bottom toward making it flat, rail to rail.

SURFBOARD DESIGN AND CONSTRUCTION SHAPING A SURFBOARD

(‘D Rough plane the bottom surface down' to clean foam (about 1/8” into

FIG. 62 P
LANING BOTTOM SMOOTH FIG. 6-3 MARKING RAIL OUTLINE

-

99.

® Tape the rail outline template (plan shape) in place on the bottom and
mark the foam with a soft lead pencil run along the edge of the template.

A R L 2 e



100. SURFBOARD DESIGN AND CONSTRUCTION

@ Cut away the excess foam with a saber saw or small hand saw at a right

Enngl)e to the bottom of the blank around the outline (about 1/8" outside the
e).

FIG. 64 CUTTING OQUT RAIL OUTLINE

-
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(@ Rough plane the top surface down to clean foam. Start from the tail

and plane toward the nose (again about 1/8” into blank).

FIG. 6-5 PLANING DECK SMOOTH
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102, SURFBOARD DESIGN AND CONSTRUCTION

@ SQUARE RAIL - Sand or surform the rough sawed rail square with the
bottom surface. Make it co-incident with the rail outline curve drawn on the
bottom. Sanding should be done with long strokes along the length of the rail.
As you do this, clean up the curve to suit your eye.

FIG. 66 SANDING RAIL SQUARE

SHAPING A SURFBOARD 103.

(® FLAT BOTTOM — Make the bottom flat from side to side using the 24”
sanding block. Sanding should be done with long strokes up and down the board
with the sanding block placed across the stringer and its ends extending over the
rails. Use the surform to level the stringer with the foam otherwise the sanding
block will see-saw over the stringer and create a rounded bottom instead of a
flat bottom.

Sight down the blank from time to time to assure yourself that one side is not
becoming higher than the other, creating a warped bottom. Since important
shaping dimensions are referenced to the bottom, a clean unwarped bottom is
quite important.

Check the bottom with a straight edge to make sure it is flat rail to rail, at
about 1 foot intervals along the length of the board. Back lighting the straight
edge will light up cracks between the blank and straight edge where low arcas
exist. Mark the high spots with a pencil and slowly bring these areas down until
the blank is flat.

STRAIGHT
EDGE

FIG. 67 MAKING THE BOTTOM FLAT RAIL-TO-RAIL




104. SURFBOARD DESIGN AND CONSTRUCTION

(@ ROCKER — The rocker in the partially shaped blank is now checked to
see if it will require any changes. Do this by placing a straight edge flat against the
tail along the center line of the surfboard. Measure the rough rocker, by measur-
ing the separation between the center line and the straight edge. At distances
from the tail where the desired rocker measurement is supposed to be %, 17, 27,
and 3" etc. up toward the nose, the rough rocker measurement should be smaller.

Compare the rough rocker with the desired rocker to determine how deep
into the foam you will have to plane to correct it. Measure the blank thickness
in these areas and compare with the desired thickness. Sometimes at this point it
will be obvious that to obtain the desired rocker, too much foam would have to
be removed and would result in a thin surfboard. If this is the case, all you can
do is to shape as much resired rocker as possible into the blank. Usually it is not
a good idea to sacrifice thickness for correct rocker.

L STRAIGHY EDGE * * ’ j

FIG. 6-8 MEASURING ROUGH ROCKER

6’ 6 Teardrop
ROCKER TABLE

DESIRED ROUGH
POSITION ROCKER RockeR ~ REMOVE
Nose & + 67 5 inches 4% in. 4 in.
® + 3" 4 34 S/

® + 107 1 % 1%
7

3
® + s 2 I /8 7B
©+ & ! / ra
@ % Y %’.

Shaping the rocker is done by removing successive thin layers of foam from
the bottom, usually in the nose area, until the rocker conforms with what you
want. ’

An example may help to clarify this procedure. Say for example, that 1/4”
of foam has to be removed from the area 2% feet back from the nose. Along with
this 1/2" has to be removed from the area 1 foot 10 inches from the nose.

SHAPING A SURFBOARD 105.

The steps to do this will be to first take a 1/8” layer off the nose that extends

3 feet back from the nose. Second, another 1/8” layer is removed that extends 2
feet back from the nose. (This kind of work is very accurate with a power planer,
because of its fixed depth of cut.) Third, use a surform to smooth out the bufxlps
in the bottom left by the planer stopping its cut at the 3 foot and 2 foot points.
After this little operation you will have removed very close to a 1/4” laye'r ?f
foam from the nose extending back about 2% feet and will bave blended it in
with the rest of the bottom. )

Now only 1/4” has to be removed from the area 1 foot 10 mcl}es fro_m the
nose, so repeat the same operation over again, but only go back 2 feet 4 inches
and 1 foot 4 inches with 1/8 level cuts with the planer. The rest can be cleaned
up with the surform.

The last thing now to be done is to take the 24" sanding block and make sure
the bottom is flat rail to rail like it was before. This is so you will have a go«;?d
bottom mail edge for a reference line when you get around to shaping the rails
in cross-section.

All this business about shaping the rocker is a bit difficult, because you are

trying to shape along curved surface to conform with a line that is almost straight.

FIG. 69 SHAPING NOSE FOR ROCKER
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106. SURFBOARD DESIGN AND CONSTRUCTION
THICKNESS — Thickness is shaped by planing foam from the top after

the rocker ig c-omplcted. Measure the thickness at 1 foot intervals along the blank
and compare it with the desired thickness to find out how much to remove.

6’ 6” Teardrop

THICKNESS TABLE
DESIRED ROUGH
POSITION THICKNESS THICKNESS  REMOVE
Nose (® + 8” 2.4 inches 2.5 in o.1 in.
@ +8 29 3.0 o.i
@ 3.0 3.3
& 0.3
3.0 3.2 oz
@ 2.5 5
-9 0.4
@ 18 2.5
Tail + 3" 1.2 0.7
2-3 (o1

FIG. 6-10 MEASURING THICKNESS
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Use the power planer to take foam layers off the top of the tail, just like

explained for shaping the nose for rocker. Smooth the ridges or high spots with
a surform and sanding block, generally making the top flat rail to rail. Removing
foam from the top of the nose usually has to be completed by hand because the
upward curve of the nose does not allow the power planer to make an even depth
of cut.

Usually there is a question of how thick to make the blank right at the nose
and tail, before the rails are shaped. Leave the nose and tail thickness as they are
after the inboard thickness has been shaped (between 3/4” to 1”). Shaping the
rails will bring this thickness into range. At that time you can thir it down to
suit yourself.

The surfboard now has its rail-outline, rocker and thickness completed. All
that remains is shaping the rails and any special surface contours such as a Vee
bottom, concaves, or whatever else you have decided to do. Shape a Vee before
the rails are shaped.

In shaping a Vee in the bottom at the tail use the 24” sanding black. Place it
sort of parallel to the stringer and move it back and forth parallel to the stringer.
This will fair the Vee into the bottom. A Vee at the tail actually extends about 2
feet up from the tail so the surface change is very slight.

FIG. 6-11 PLANING TOP FOR THICKNESS

g



108. SURFBOARD DESIGN AND CONSTRUCTION

(@ Ist RAIL BEVEL — Mark on the blank with a soft pencil the limits of
the first bevel at 1 foot intervals along both rails. Do this for both the top and
bottom sides of each rail. Bevel limits on the side of the square rail are measured
from the bottom edge. If the bottom is not flat all the way out to the rail, a
straight edge laid against the bottom that extends out beyond the rail, should
be used to measure where the bottom rail line is supposed to be. If this is not
done, the resulting rail will be incorrectly displaced away from the bottom.

PENcIL LINES

MASKING TAPE
MARKING 15T BEVEL

FIG. 6-12 MARKING FIRST RAIL BEVEL

SHAPING A SURFBOARD

lines drawn on the blank. It is usually helpful to place small strips of masking
tape along these pencil marks to further preserve their location, in case they are
sanded over by accident. This is particularly useful on the vertical side of the rail.

The objective to be followed in making a bevel is to concentrate on shaping a
fiat band that twists along its length. The edges of the band should hit the check-
points of each rail cross-section template. A pencil line drawn on the blank passing
through the check-points will be a guide to where the band edges are. The idea
here is to avoid smoothing and rounding the rail contour until after these spe-
cific bevels have been made into flat twisting bands. ’

FIG. 6~13 MARKING SQUARE RAIL FOR FIRST BEVEL

109.
Rail bevels that extend into the nose and tail areas can be marked by pencil -

L
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110. SURFBOARD DESIGN AND CONSTRUCTION

Use the powerplane to make these bevels. The bevel is made by planing the
full length of the rail by walking the length of the blank several times, cutting
away long strips of foam. Plane to within 1/4” to 1/8” of the final bevel. Use a
surform to complete the bevel.

Visually check for continuous flowing lines along the rail by looking at shadows
cast on the blank. Stand at a distance from the blank and sight down the rails
from behind both the nose and tail. If you make a mistake working with the
surform or power planer and accidently slip into an area that is not supposed to
be cut, it will look like a horrible mistake. You will be strongly tempted to try
to fix it by making some changes. Don’t try to comect it. Remember that there
are some more bevels to be made, so ignore it for the time being and continue as
if it was not there.

[ adadadadadadl]

2,
]

BOTTOM EDGE
REE. POINT

[

BOTTOM
CURVE

STRAIGHT EDGE

FIG. 6-14 BOTTOM EDGE REFERENCE POINT

SHAPING A SURFBOARD 111,

In cases where the particular design being shaped has never been attempted
before, it sometimes becomes obvious that the design itself does not lend itself
to continuous flowing lines. It may be necessary to change the design lightly to
obtain better flow. Any changes made during shaping should be written down so
a second surfboard like the first can be built.

FIG. 6-15 SHAPING FIRST BEVEL
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The purpose of the rail crosssection templates is to give you an indication of
how dose you are coming to the intended design. Often the rail will not match
up perfectly with the template because the mid-board thickness is slightly off.
Usually the terplate will be a close match to the rail a few inches to one side of
the place on the rail where it is supposed to be. This is OK to be left as it is. Don’t
try to make any drastic changes to the board just because the template does not
fit perfectly.

FIG. 6-16 HOLDING THE SURFORM

SHAPING A SURFBOARD na.

2nd RAIL BEVEL — Mark and shape second bevels on the blank as you
did for the first bevel. Shape these new bevels as before. Again visually check the
emerging rail for continuous flowing lines by light and dark shadows cast on the
blank. Check the completed bevel with the second bevel cross-section templates.

FIG. 6-17 SECOND BEVEL




114, SURFBOARD DESIGN AND CONSTRUCTION

@) 3rd RAIL BEVEL — Mark and shape the third bevels. Small comer
v bevels at the very edge of the rail can be marked by hand. This is easily done by
1 ) holding the pencil firmly with the fingers in a fixed position, resting one finger
: against the rail edge and moving your hand along the rail edge as a guide.
‘ Rounding the small corners remaining along the rail after the major bevels are
l Lo shaped is accomplished by first using a small block plane (a surform can be used

1 FIG. 6-18 MARKING EDGE BEVEL

SHAPING A SURFBOARD 11s.

but it is harder to control the foam cutting.) Run the block plane along a bevel
corner in one continuous stroke from tail to nose about six or seven times, Each
time change the angle of the block plane’s cut. The major bevels will slowly blend
together into a foiled curve. Each cut of the block plane is so small that it will
be barely noticeable.

FIG. 6-19 SHAPING THIRD BEVEL AND TAIL
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1. SURFBOARD DESIGN AND CONSTRUCTION

@2 FINISH RAIL — After all the bevels are completed take a piece of No.
100 to No. 220 grit sand paper or sanding screen and lightly run it along the
rounded edge just like was done with the block plane, This will completely blend
the foiled curve into a finished rail.

) Finally, place a super soft 2" thick sponge (about 8 x 117 rectangle) over a
similar size sanding screen on the foam surface sand the whole top and bottom
surfaces smooth. This will remove the coarse surface texture of the foam, making
a good surface for fiberglassing.

FIG. 6-20 SANDING RAIL EDGE

SHAPING A SURFBOARD 117.

@ NOSE AND TAIL — Usually there is some fine tuning to be done on the
nose and tail. This amounts to simply shaping the area about 3” into the surf-
board from the nose and tail to blend the top and bottom surfaces with the rail.

@ Visually examine the whole blank using contrasting light and dark
shadows for high spots and irregularity. The final shape should have a continuous
curve in rail cross-section and a flowing surface Jengthwise.

This completes shaping the surfboard. It is now ready to be fiberglassed.

FIG. 621 INSPECTING FINISHED SHAPE




Chapter 7

Fiberglassing a Surfboard

The general technique of fiberglassing a surfboard is to apply one or more layers
of fiberglass cloth to the top and bottom in such a way that the layers wrap
around the rail onto the other side. These layers of overlaps, produce an extra
hard surface along the rail, which is the part of the surfboard which is most sus-
ceptible to dings.

Increasing the fiberglass layers increases the general strength of the surfboard. )

The surfboard becomes stronger in both local resistance to dents and in overall
rigidity against flexing under stress. Fiberglass cloth comes in many different
weights and types of weave. For surfboards, a 6 oz. flat weave cloth is best. There
are some occasions to use 8 oz. cloth for greater strength, or 4 oz. for lighter
weight,

The glassing process described below is sequence of steps presented in a way
similar to the shaping sequence. The bottom is glassed first with one layer of
cloth and the top glassed second with two layers. This is usually adequate for
most surfboards.

Two types of resin are used, laminating and surfacing resin. Laminating resin
cannot easily be sanded after it has hardened, because it gums up the sandpaper.
Surfacing resin can be sanded and comes off as a fine powder when sanded. Lami-
nating resin can be converted to surfacing resin by adding a wax solution called
styrene monomer. The mixing ratio is 4 oz. styrene monomer to 1 qt. laminating
yesin.

The advantage of using laminating resin in the fiberglass cloth is that you don’t
have to sand it before putting another coat of resin over it.

Both resin types are a thick liquid that becomes hard like a rock a short time
after a small amount of catalyst is mixed into them. Resin will remain as a liquid
for 10 to 40 minutes after the catalyst is added, depending upon how much cata-
lyst is added and the temperature of the resin. If pigment or color tint is also
mixed into the resin the cure time will be extended about 1% times normal.

When the resin begins to “go-off,” it becomes much thicker and changes into
asemi-solid. It doesn’t flow any more, but it can be pushed around like jello. This
condition lasts about 4 to 6 minutes. By this time no further work can be done
with it. From this point on, the resin slowly becomes harder and harder. After 1
to 3 hours it can be handled without being sticky to touch. After 24 hours it can
be considered completely cured, although curing continues for several days.
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The trick to mixing resin and catalyst is to estimate the time between adding
catalyst and when it begins to “go-off.” This is the working time available to do
meémdmnu?wmn give some general mixing instructions such as 1 oz. of
catalyst per 1 gallon of resin. This is not always an optimum rau'? bec:use the,
temperature affects working time. Higher temperatures cause the resin to go-of'i’
sooner. A safe ratio to use is about 1 teaspoon of catalyst to 1 quart of resin.
Try this ratio first, if it takes too long add another % teaspoon next time.

FIN TIME

Before glassing is begun the time to put on the fin or fins must be decided. If
aremovable fin with a fin box is to be used a slot is routed in the foam blank and
the box is glassed in place at the same time the bottom is fiberglassed. )

A fixed fin can be installed after the bottom is fiberglassed. A slot in the tail
is routed out through the fiberglass and the fin glassed in place as a separate

operation.




120. SURFBOARD DESIGN AND CONSTRUCTION

ROUTING A FIN SLOT

. Make up a router template as described in the tool section and follow the
procedure below.

(D) Mark the location of the fin slot with a pencil.

@ Adjust the router for depth of cut. The router bit should extend beyond
the router surface a distance that is equal 1o the depth of cut into the board, plus
the thickness of the template.

@_Plaoe the router template over the area, line it up, and tape it firmly
place with several strips of masking tape.

@ Rout out the fin slot.
@anove the template and clean the foam cuttings from the slot.

(® Check for fit by placing the fin box or fin into the slot. The top of a fin
baox should be flush with the surface of the surfboard.

FIG. 7-1 ROUTING OUT A FIN SLOT

FIBERGLASSING A SURFBOARD 121.
FIBERGLASSING THE BOTTOM '

The foam surface should be free of any loose material left over from shaping.
Brush all remaining foam dust off the blank with a semi-stiff brush. A slot fora
fin box should already have been routed in the tail, if a removable fin is to be
used. Follow the steps below.

(DMASKING — Place 2" wide masking tape along the top side of the rail
around the perimeter about 2" inboard from the rail edge. The edge of the tape
closest to the rail will be the limit ‘of fiberglass lap around the rail from the
bottom.

A second and third strip of tape, inboard of the first strip can be added to
provide a wide band of tape around the top. The reason for this is to prevent
excess fiberglass applied to the bottom from adhering to the top.

Mask over the open cavity of the fin box to prevent it from filling up with
resin. .

FIG. 7-2 TAPING OFF TOP FOR FIBERGLASSING THE BOTTOM
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ROUTING A FIN SLOT

Make up a router template as described in the tool section and follow the
procedure below.

(® Mark the location of the fin slot with a pencil.

@ Adjust the router for depth of cut. The router bit should extend beyond

the router surface a distance thatise i
qual to the depth of cut into the board, pl
the thickness of the template. g o P

® Place the router template over the area, line it up, and tape it firml
place with several strips of masking tape. P ” g

@ Rout out the fin dot.
®Remove the template and clean the foam cuttings from the slot.

(®Check for fit by placing the fin box or fin into the slot. The top of a fin
box should be flush with the surface of the surfboard.

FIG. 7-1 ROUTING OUT A FIN SLOT

FIBERGLASSING A SURFBOARD 121,

FIBERGLASSING THE BOTTOM

The foam surface should be free of any loose material left over from shaping.
Brush all remaining foam dust off the blank with a semi-stiff brush. A slot for a
fin box should already have been routed in the tail, if a removable fin is to be
used. Follow the steps below.

(DMASKING — Place 2" wide masking tape along the top side of the rail
around the perimeter about 2” inboard from the rail edge. The edge of the tape
closest to the rail will be the limit of fiberglass lap around the rail from the
bottom.

A second and third strip of tape, inboard of the first strip can be added to
provide a wide band of tape around the top. The reason for this is to prevent
excess fiberglass applied to the bottom from adhering to the top.

Mask over the open cavity of the fin box to prevent it from filling up with
resin.

FIG. 7-2 TAPING OFF TOP FOR FIBERGLASSING THE BOTTOM
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@ CLOTH PREPARATION — Place the blank bottom-side up on the glass
rack. It should be fully supported by the glass rack so the rocker will not change
under the weight of the resin and cloth when doing the glass job. Particular at-
tention should be given to the tail. A small amount of bend in the tail can change
the performance of the surfboard.

Drape the fiberglass cloth over the bottom. Smooth the cloth with the palm of
your hand to remove wrinkles. Cut away excess cloth around the rail with a pair
of sissors. Allow sufficient cloth overhang for lapping around the rail onto the
masking tape on the other side. Cut notches in the cloth at the nose and tail for
lapping around comers. Cut the notch right up to each comer.

FIG. 7-3 CUTTING CLOTH OVERHANG
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(3 MIXING RESIN ~ Mix catalyst into laminating resin in a clean medium
size container that can be held in one hand. Sufficient resin should be prepared
to completely do the bottom (about 1j quarts for one layer of cloth.) Add color
pigment or tint to the resin before mixing in the catalyst, if it is to be a color coat.
It takes from 20 to 40 minutes to do one side.
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FIG. 74 FIBERGLASSING SUPPLIES
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124, SURFBOARD DESIGN AND CONSTRUCTION

(@ INSTALL FIN BOX — The sides of the fin box should be lightly sanded
so the resin will have a rough surface to adhere to. Cover the top of the fin box
with masking tape %0 it will not fill up with resin. Lift up the cloth over the fin
slot and fill it about a quarter full of resin. Push the fin box into the slot, forcing
the resin up along the sides. Assure yourself that it is snug enough not to float up
out of the slot. A small piece of wood stuck in the crack at one end should stop
it from floating. Lay the cloth over the fin box and smooth it out over the tail.

(® RESIN APPLICATION — With the resin container in one hand and a
squeegee in the other, pour about half the resin onto the cloth along the stringer
in mid-board. Use the squeegee to push the resin around the whole surface, work-
ing the resin into the cloth, adding more resin as needed, until the cloth is com-
pletely saturated.

FIG. 7-5 FIBERGLASSING THE BOTTOM
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' Medium firm pressure, exerted with the squeegee moving across the clothin
smooth strokes from center board out toward the rails, will remove excess resin.
Excess resin is unnecessary weight.

Proper saturation of the cloth is when the resin is almost to the top strands of
the cloth. When the resin is too thin, small air bubbles and holes will form between
the interwoven strands of cloth resulting in weak spots.

Allow the excess resin to flow off the board at the rails. As the resin does this
it will begin to saturate the overhanging cloth. Usually it is necessary to pour
more resin along the rails to completely saturate the overhang. Brushing the
squeegee lightly against the hanging cloth as the resin is running off will help the
resin make contact with unwetted sections and speed up saturation.

FIG 7-6 REMOVING EXCESS RESIN
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126. SURFBOARD DESIGN AND CONSTRUCTION

Lapping each rail should be done as a single operation. Begin by pushing the
cloth around the rail at mid-board with the squeegee and working toward the
nose and tail. The resin will stick to the under side of the rail and hold the cloth
in place. Nose and tail lapping sometimes become frustrating when the cloth
refuses to lap smooth. Don’t worry about it. Keep working with it, maybe it
can be fixed before the resin goes off. If not, it can be patched later. Resin in the
bucket usually begins to go-off before the resin on the board, thus serving as a
finish up work shortly, :

UNLAPED Clo

FIG. 7-7 LAPPING FIBERGLASS AROUND THE RAIL
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TRIM — When the resin has set-up to the point where the surfboard can
be handled, use a razor blade to cut away the fiberglass over the cavity. of the fin

box. C
Use the razor blade to remove the excess fiberglass from the deck by cutting

down into the blank through the fiberglass directly over the edge of masking tape
dosest to the rail. Try not to cut into the foam more than ¥”. Pull up the tape
and throw away the excess.

FIG. 7-8 CUTTING AWAY THE EXCESS

There is a funny thing about the chemical balance between the masking tape
and resin. The cure time of the small amount of resin in immediate contact with
masking tape will be much longer than the rest of the resin. What happens is the
whole board will cure, except for a thin strip along the edge of the tape. This
makes it easy to cut through the fiberglass cloth along this line when you are
cutting away the excess.

@ Surform the edge of the fiberglass lap smooth so it is almost flush with
the foam. When the edge of the first lap is made flush with the foam, the next
layer laid over it, it will not have a bump in it to be sanded down later. Sanding
down a bump here would be cutting into alayer of cloth along a line parallel to
the rail around the whole surfboard. Strength and rigidity would be reduced.

Generally smooth rough areas of the fiberglass with a surform. This completes
fiber glassing the bottom. N
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FIBERGLASSING THE DECK

The top is fiberglassed in much the same way as the bottom. There are some
differences. The procedure is described below to cover these differences.

MASKING — Place masking tape along the bottom side of the rail around
the board 2” in from the rail edge. Add an extra strips to protect the bottom
against the fiberglass over lap.

CLOTH PREPARATION - Drape a first layer of cloth over the top.
Cut away excess cloth around the rail, leaving no overhang. The cloth edge should
fall about at rail center.

Drape & second layer of cloth over the first. Cut away excess around the rail,
leaving sufficient overhang to overlap the masking tape on the bottom side of
the rail.

Notch the cloth overhang at the comers of the nose and tail. Smooth the
wrinkles in the cloth.

RESIN APPLICATION — Mix enough laminating resin to impregnate
both layers of cloth (about 1% quarts.) Add color or tint if it is a color coat.
Don’t forget to add the catalyst.

Pour the resin onto the two layers of cloth and work with the squeegee until
they are completely saturated. Technique and proper saturation is the same as
was done on the bottom. Removing excess resin is a little bit harder with to two
layers of cloth than with one. Here again excess weight is a real concern.

@ Saturate the cloth overhang and lap the rails.

@ Wait for the resin to set-up to the point where the board can be
handled. This is a good time to do gneral clean-up.

@ TRIM AGAIN — Remove excess fiberglass overlap by cutting along the
masking tape with a razor blade. Be careful to avoid cutting through the
previously glassed bottom. The bottom should have hardened well enough by this
time to make it relatively difficult to cut into with a razor.

FIG.7-9 FIBERGLASS OVERLAP AROUND THE RAIL

Surform the rough edges smooth. The edge of the overlap should be
made flush with the fiberglass layer undemeath. The amount of fiberglass overlap
remaining at the rail should be about 3” centered around the rail.

FIBERGLASSING A SURFBOARD
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FIN PANEL

To make a fiberglass panel for a fin is relatively easy. A flat rectangular mold
about 3/4" deep is made out of wood for holding the resin and is lined with wax
paper. The wax paper should have no wrinkles or buldges in it. If it does, the fin
paned panel will have these imperfections in its surface. )

Lay pre-cut layers of cloth in the bottom of the mold and fully saturate with
surfacing resin (don’t forget to mix catalyst in the resin). Five or six layers can be
easily saturated at one time using a small squeegee. When it is fully saturated,
with no air bubbles remaining, lay in another 5 or 6 cloth layers and saturate
them with resin. Continue doing this until all the cloth is laid in place and satu-
rated. About 30 layers of 6 oz. cloth will make a fairly rigid fin. .

Remove the panel from the mold, pull away the wax paper, and you've got
yourself a fin panel.

FIG. 7-10 MOLD FOR FIN PANEL
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FIXED FIN INSTALLATION
FIN SHAPING The procedure below is for installing a fixed fin on the surfboard after the
' tail through the fiber
A fin can be purchased at a surfshop or made yourself. If you make it yourself, bottom has m&ﬁr% gns::ttfn;z‘:wd in the ough glass
a fiberglass panel is made up and the fin outline cut from it. Trace out the fin hyfl;nteomﬁp;ﬂwr w‘::rsoto put on & fixed fin, such as at the time of fiberglassing
tline 1b tchin, in with a saft . Cut around ; .
:l:‘e outl‘i):l:eﬂ:itl;xufsab};rw:w otmhs::lle):: ::: th: ﬁt:t‘ga:'!élzl;lrlf.;:rlotl';l 3 nwmt‘al the bottom or simply fiberglassing ami;n duectg' onto :h ° ﬁrl:?asvsie; t:;::tgrnn
; ; . : ’ without making a slot. You can try these variations out yourself.
cutting blade xsxtecessary. A regular sa“r blade will dull very quickly. ‘ embedded into a slot, the fin is more firmly attached to the surfboard. The
Foiltl;e fin xtﬁl : gle, surform, or ;‘hSk s;nde:.h Tilde rouig:; ﬁg cz;n be4p}llaoed¢ii in procedure: , .
avice, orit can id flat on a piece of wood and held in or 4 headless . " » wo
nails ,driven into the wood ugund the fin. The nail heags shotfld be below the @ Rout a slot in the surfboard that is 3/4” to 17 deep and about ¥ wider
uppersurface of the fin so the surform will not catch on them. Considerable pres- than the thickness of the:asc (')f't.hefﬁn. 4 i holes in the tongue and‘lacinga
sure can be exerted on the fin to make sanding easier. Work on one side for a (D) Prepare the fin by d“nmti ow’[’his will make the fin fit snug in the slot
while then change to the otherside to avoid creating a non-symmetrical foil. As length °f_ﬁ§’“g“?s_ Tope t’luotllllgh em. tting u
the foil begins to take shape, layers of laminated cloth will show up as approxi- and hold it in position while the resin is setting up.

mate contour lines, making progress relatively easy to estimate.

RN

Fine sanding of the fin is done by starting with # 100 grit sandpaper and
working down to about # 400 grit, wet or dry. A final gloss coat of resin can be
up put on to make it look nice.

FIG. 7-11 PREPARATION FOR FIXED FIN INSTALLATION
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132 SURFBOARD DESIGN AND CONSTRUCTION

@ Cut 4 or 5 staggered layers of fiberglass cloth and two lengths of fiber-
glass rope that are as long as the fin base is wide. Place them where they are handy
to reach.

(@) Mix up about 8 oz. of surfacing resin, and 1/8 teaspoon of catalyst.

(5) Pour resin into the slot to about half full, The resin should be level in
the slot.

Push the fin into the slot,

(?)Place a first layer of cloth on each side of the fin base and saturate with
resin. Use a squeegee to work the resin into the cloth. The cloth should be lapped
up onto the fin and out onto the board at least 4 inches. Use the squeegee to
push the cloth into the croich between the fin and the board so that the cloth
forms a square comer.

Dip the lengths of rope in the resin to saturate them. Lay one along the
fin base on each side.

(® Place another cloth layer over the rope and saturate with resin.

@0 Place the remaining layers along the fin and saturate with resin.
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FIG. 7-12 FIXED FIN INSTALLATION

FIBERGLASSING A SURFBOARD 133,

@ Squeegee out the excess resin and bubbles from the cloth, Carefully -
smooth the whole thing to form a smooth curve at the fin base,
@ Line up the fin angle by sighting down the surfboard from the nose.

Allow the resin to harden; o
Sand the fiberglass flush with the surfooard and fin. The job is done.

THE HOT COAT

The hot coat is a brush coat of surfacing resin to fill in the uneven surface of
the cloth. It is mixed with about twice as much catalyst as was used for the cloth
layup. This batch will go off rather quickly in about 10 to 15 minutes.

The surfboard is prepared by lightly smoothing all rough edges with a surfoam
or about # 100 grit sandpaper. Either the top or bottom can be done first.

Place masking tape around the perimeter of the board at the center of .the rail.
This will prevent the resin run off from streaking around onto the und?xsxde.

Coat the board by brushing the resin onto the board with a 4" wide nntu'ral
bristle brush. Start at one end and quickly work toward the other end, applying
approximately an equally thick coat all over.

FIG.7-13 APPLYING THE HOT COAT OF RESIN
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Once the whole surface is covered, smooth the coat by holding the brush with
moderate pressure exerted on the board and walking its length, moving the brush
along the center from tail to nose in one continuous stroke. Repeat this smoothing
in over lapping strokes out from the center toward the rails until the entire sur-
face is smooth. Go over the board about 5 times to get an even distribution of
resin over the entire surface.

Clean the brush in acetone cleaning solvent.

When the resin has begun to go-off and does not flow, pull away the masking
tape around the rails. After the hot coat has become hard, turn the board over
and repeat the same operation to hot coat the second side. Be sure to adequately
clean the brush to remove all resin 50 it can be used again.

RESIN BEAD

On some surfboards it is advantageous to add a bead of resin along a rail edge
to make the edge a very sharp comer. This comer will increase water release from
the rail.

This addition is done by placing masking tape along the rail to form a channel
into which surfacing resin is poured and held along the rail edge until it hardens.
After the resin is hard the tape is removed and the rail edge sanded square with a
sanding block to form the comer.

RME FibEnGLASsED

FIG. 7-14 BUILDING UP RAIL WITH A RESIN BEAD
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SANDING

ince the hot coat is surfacing resin, it can be sanded. ComPIetely sand the
whill:‘);oud to remove surface irregularity and take off the shiny spots. If the
ins to show you have gone too far.
do:l; ;:f:’n adept wi);h a disk sander, this is the time to save some labqr. With a
disk sander use # 80 or # 100 grit nndpaped:on t‘t)':am p:v.:ilded disk. It is easy to
i with the sander, so be careful.
% gﬁ:lﬂ:zg:gui‘: 22::8:«:; just as good, even t.houﬂl. it takes a little longer.
When doing it by hand, start out with # 36 grit on a sanding block to get t:: iu;t
face uniform. Then switch to # 60 grit and take off the tops of the scrat'c 3 ;0
by coarser grit sandpaper. Keep changing to finer and finer sandpaper, ie # lhe A
# 200 wet or dry, and last # 400 wet or dry. Put water on the surfboard when
using the wet or dry sandpaper, becauss it will tum out better. oard
As far as I am concemed, that is good enough for surfing. But,. most surfboar
builders like to go all the way and put another thin' coat of resin, called t;iiloss
coat, on this fine sanded surface, Because the surface is smoother, a much " tx';ler
coat can be applied. The gloss coat is not sanded except to maybe smoo e
d along the rail center. )
edg';lzoc‘zlx:ptlt::;o:w consfmcﬁon of the surfboard. Put some new wax in your
surfbag and head for the best waves you can find.




