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FIN FOR OSCILLATING FOIL PROPULSION SYSTEM

This patent claims the filing date of United States Provisional Patent Application
Serial No. 60/706,722, filed August 8, 2005, the disclosures of which are incorporated

|herein by reference.

FIELD OF INVENTION

The present invention relates generally to the means of propelling a vessel and

more specifically it relates to the design of a thrust producing oscillating fin.
!

BACKGROUND OF THE INVENTION

Oscillating fin propulsion has been used to produce efficient propulsion. This
technology appears in United States Patent No. 6,022,249, the text and drawings of
which is expressly incorporated herein by reference, which discloses a novel water
craft, such as a kayak, which typicélly include a hull with a keel, having propulsion
means extending below the water line. The propulsion means comprises a pair of
flappers each having a leading edge and a trailing edge and adapted to oscillate
through an arcuate path in a generally transverse direction with respect to the central

longitudinal dimension of the watercraft. Foot operated pedals are operatively
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Fadsadidted-With-thé prdpifi&fon means for applying input force to the propulsion means.
The propulsion means includes a pair of fins or flappers which twist to form an angle of
attack for providing forward thrust with respect to the longitudinal dimension of the

watercraft while moving in both directions along the arcuate path.

SUMMARY OF THE INVENTION

Briefly, this invention comprises in a watercraft having propulsion means
extending below the water line comprising a pair of flexible fins each having a leading
edge and a trailing edge and adapted to oscillate through an arcuate path in a generally
transverse direction with respect to the central longitudinal dimension of said watercraft,
and means operatively associated with said propulsion means for applying input force
to said propulsion means whereby as input force is applied said flexible fins can twist to
form an angle of attack for providing forward thrust with respect to the longitudinal
dimension of the watercraft while moving in both directions along said arcuate path;

the improvement wherein each of said fins is provided with essentially square top

ends to provide enhanced fin twist and more efficient propulsion.

In another aspect, this invention comprises in a watercraft having propulsion
means extending below the water line comprising a pair of flexible fins each having a
leading edge and a trailing edge and adapted to oscillate through an arcuate path in a
generally transverse direction with respect to the central longitudinal dimension of said
watercraft, and means operatively associated with said propulsion means for applying

2
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Linput fdreelidisaid-piiopllsibn means whereby as input force is applied said flexible fins
can twist to form an angle of attack for providing forward thrust with respect to the
longitudinal dimension of the watercraft while moving in both directions along said
arcuate path;

the improvement wherein each of said fins has generally square top and a
generally peripheral area which is a harder, less flexible rubber than the inner area

whereby the cordwise stiffness of the fin increases in the direction of the trailing edge.

The inner area is preferably of a sawtooth configuration.

Still further, this invention comprises in a watercraft having propulsion means
extending below the water line comprising a pair of flexible fins each having a leading
edge and a trailing edge and adapted to oscillate through an arcuate path in a generally
transverse direction with respect to the central longitudinal dimension of said watercraft,
and means operatively associated with said propulsion means for applying input force
to said propulsion means whereby as input force is applied said flexible fins can twist to
form an ahgle of attack for providing forward thrust with respect to the longitudinal
dimension of the watercraft while moving in both directions along said arcuate path;

the further improvement wherein each of said fins is provided with means at its

trailing edge to provide adjustable tensioning of the trailing edge.
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BT Hig-inventidniflittiieif'comprises in a watercraft having propulsion means
extending below the water line comprising a pair of flexible fins each having a leading
edge and a trailing edge and adapted to oscillate through an arcuate path in a generally
transverse direction with respect to the central longitudinal dimension of said watercraft,
and means operatively associated with said propulsion means for applying input force
to said propulsion means whereby as input force is applied said flexible fins can twist to
form an angle of attack for providing forward thrust with respect to the longitudinal
dimension of the watercraft while moving in both directions along said arcuate path;

the more specific improvement wherein each of said fins is provided with
threaded means at the clew of its trailing edge to provide adjustable tensioning of the

trailing edge.

The present invention pertains to an improved pedaled kayak propelled by the
action of two transversely oscillating fins or sails. As the force on the pedals is
increased, the less restrained end of the fins or sail twists to assume a propeller like
shape. As the fins or sails oscillate, they change pitch or shape upon reaching the end
of their arcuate movement, viz, when they simultaneously reverse direction of
movement at the opposite ends of their arcuate pathway. This sail action is somewhat
similar to what happens when tacking in a sailboat in that the sails exert, in both of their

directions of movement, a forward thrust component.
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ITrelkdiak Has Blgsterally elongated hull having a cockpit, a seat located such
that the hip of the user is substantially fully below the upper deck of the kayak. The
cockpit also contains a set of pedals adapted to be pushed, first one and then the other,

by the user's feet. The hull is also provided with a rudder and tiller.

The pedals are operatively connected by pedal shafts to the propulsion means
which extends through two vertically disposed compartments in the center of the bottom
of hull, the upper compartment being somewhat larger than the lower compartment.

The bottom of the lower compartment has an opening.

The fins of this invention are of unique structure. While the maximum spanwise
length from the base to the top of the fin and the cordwise length from the leading edge
to the trailing edge is similar to prior fins, the configuration and composition by area are
significantly different. The fins of this invention have essentially square top ends as
contrasted with the more nearly triangular top ends of prior fins. This results in a
somewhat greater average spanwise length. Thus, in fins of this invention have

increased cord area near and at the top end of the fin.

The fin is oscillated from a pivot point near the base of its mast. This motion
induces a velocity field perpendicular to the fin that increases in strength proportional to
the distance from the base. In order to achieve efficient lift (avoid stall and operate
near optimal Lift Coefficient), the fin must twist in a manner proportional to the
increased perpendicular flow speed. It has been found that having a wider cord length

5
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ratithe itpki(esBeritially. §qiake-top design) creates the desired fin twist and thus more

efficient propulsion.

Optimized cord-wise flexibility of the fin for more efficient lift generation. Just as
proper cord-wise hydrodynamic foil shape is important on an airplane wing, or the sail
shape on a sailboat, having an efficient lifting surface is necessary for the fin to operate
efficiently. Lifting foils typically have a cross-section where the maximum thickness, (or
in the case of a sail, maximum outward curve) is located about 1/3 of the local cord
length back from the leading edge. Like a sail, and unlike most commercial foil
sections, the fin of United States Patent No. 6,022,249 is flexible. This flexibility
requires that the fin stiffness and shape, combined with the surrounding flow-field,

determine the shape of the foil during operation.

In the present invention, an innovative geometry and multiple material molding
process creates a cord-wise flexibility that results in an efficient fin shape during
operation. In the fins of this invention, the cord-wise stiffness of the fin increases in the
aft direction, that is, in the direction of the trailing edge, despite the overall thickness of
the fin gradually decreasing in the direction of the trailing edge due to the peripheral
stiffer material used in the sub-mold as further described hereinbelow. We have found
that the sawtooth pattern increases the cordwise stiffness near the trailing edge while

minimizing spanwise stiffness. This construction significantly enhances performance.

The reference to “fin” herein is generally synonymous with flapper or foil.

6
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LThelpresent itiéntidn provides an adjustable "mainsheet”, that is, fin tensioning
device to allow for customized peddling resistance for various operators and optimized
hydrodynamic performance for different vessel lengths. The fin is analogous to a
sailboat sail in several ways. One way is the attachment and tension of the corner of
the fin located aft and near the base. The tension on this corner affects the shape and
therefore performance of the fin much like the mainsheet tension does on a sail.
Increasing the tension of this corner (mainsheet tension) increases the angle of attack
of the fin meeting the water which creates more lift and more resistance. The
mainsheet adjusting device located on the aft corner of the fin is easily adjusted by the
user. Larger, stronger operators, operators that wish to peddle at a slower cadence, or
fins used on longer, faster vessels may prefer to operate with more mainsheet tension.
Those who prefer to peddle at a higher frequency, less powerful peddlers, or operators

of shorter and slower boats may prefer less mainsheet tension.

DESCRIPTION OF DRAWINGS

In the drawings:

Figure 1 is an assembly view in partial cutaway showing a partial view of the fin

and its assembly with the fin drive assembly.

Figure 2 shows the structure of Figure 1 (encircled and identified by the letter

“A") as well as the complete fin and drive assembly.

7
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LIPIG i3 157 peiisPeitive view of one of the fins of this invention.

Figure 4 is an enlargement of the structure within circle “A” in Figure 3.

Figure 5 is a plan view of one of the fins prior to assembly.

Figure 6 is an exploded view of the fin showing the stiffer undermolded and soft

overmolded areas, separately, and in final assembly.

Figure 7 is a sectional view taken along line 7-7 in Figure 5.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The oscillating fin 10 has a mast 12 on its or in proximity to its leading edge 13.
The base is affixed to and carried by base or clew member 14. The top of the fin 10

has two squared off, nearly right angled, corners 16 and 18.

The trailing edge 20 of the fin 10 has an adjustable tensioning means 22 at the
base or clew 14 of the fin 10. The tensioning means comprises threaded lead screw 24
rigidly attached to the base 14. A thumb nut 26 is threadably received on lead screw

24.
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Mhid.féad serdw.24 &nd thumb nut 26 set in cutout 28 in the fin 10. The exposed
free face or end 30 of thumb nut 26 and the cutout 28 are such that as the thumb nut
26 is digitally rotated on the lead screw 24, the exposed face or end 30 of thumb nut 26
comes into abutting contact with the exposed edge 31 of the cutout 28 in fin 10. As the
thumb nut 26 is then further advanced on the lead screw 24 in the direction of the top of
the fin 10, the face 30 of thumb nut 26 exerts increased pressure on the exposed edge
31 of cutout 28. The teﬁsion in the trailing edge 20 is thereby increased. It will be
understood then that as the thumb nut 26 is turned in the opposite direction so that it no
longer applies force or pressure to the edge 31 of the cutout 28, the tension in the
trailing edge 20 of fin 10 is lessened so that the trailing edge of fin 10 becomes more

flaccid.

The body of the fin 10 presently has two distinct areas. The generally peripheral
area is an undermolded area 32 which is pre-formed of a harder, stiffer, less flexible
rubber, preferably have a Shore A Hardness Scale of about 50 to about 90 and more
preferably about 70. The undermolded area 32 forms the periphery or edges at the top
and the leading and trailing edges of the fins. The part forming the undermolded area
is then placed in a mold and a composition forming a softer rubber, having a Shore A
Hardness Scale of about 30 to about 50, and more preferably about 40, is then
overmolded to form the inner sawtooth area 34 to yield a unitary foil, as shown in Figure

7.
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LIAg Bhown if Eigure's, the fin is thicker at the leading edge 13 than at the trailing
edge 20. However, there is a relatively large area of stiffer peripheral rubber material
32 as the trailing edge 20 is approached. This provides increasing cordwise stiffness in
the fin itself in the direction from leading edge to trailing edge even as the fin becomes
gradually thinner. Cordwise stiffness can, if desired, be further increased at the trailing

edge by advancing thumb nut 26 on lead screw 26.

The sawtooth configuration of the softer rubber material at 34 is preferred.
However, other similar shapes of the softer area can be devised by those skilled in the

art to provide the same fin characteristics.

The base 14 includes inner member 36 having a through hole for receiving the
shaft 38 on which the base carrying the fin 10 rotates in oscillating fashion. Integrally
formed at the center of the outer surface of inner member 36 is sprocket 40 over which
passes a chain (not shown). The entire mechanism shown in the drawings of this
patent is received in the bottom of the lower compartment 45 of a kayak and extends
downwardly through the opening in the lower compartment 45 into the water as shown
in Figure 2. The chain drives the base with fin 10. The base has attached thereto

fairings 42 and 44.

It is to be understood that there are two fins 10, each with its own base, as

shown in Figure 2.

10
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1. In a watercraft having propulsion means extending below the water line
comprising a pair of flexible fins each having a leading edge and a trailing edge and
adapted to oscillate through an arcuate path in a generally transverse direction with
respect to the central longitudinal dimension of said watercraft, and means operatively
associated with said propulsion means for applying input force to said propulsion
means whereby as input force is applied said flexible fins can twist to form an angle of
attack for providing forward thrust with respect to the longitudinal dimension of the
watercraft while moving in both directions along said arcuate path;

| the improvement wherein each of said fins is provided with essentially square top

ends to provide enhanced fin twist and more efficient propulsion.

2. In a watercraft having propulsion means extending below the water line
comprising a pair of flexible fins each having a leading edge and a trailing edge and
adapted to oscillate through an arcuate path in a generally transverse direction with
respect to the central longitudinal dimension of said watercraft, and means operatively
associated with said propulsion means for applying input force to said propulsion
means whereby as input force is applied said flexible fins can twist to form an angle of
attack for providing forward thrust with respect to the longitudinal dimension of the

watercraft while moving in both directions along said arcuate path;

11
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e limprovidnietit Wharein each of said fins has a generally peripheral area which
is a harder, less flexible rubber than the inner area whereby the cordwise stiffness of

the fin increases in the direction of the trailing edge.

3. In a watercraft having propulsion means extending below the water line
comprising a pair of flexible fins each having a leading edge and a trailing edge and
adapted to oscillate through an arcuate path in a generally transverse direction with
respect to the central longitudinal dimension of said watercraft, and means operatively
associated with said propulsion means for applying input force to said propulsion
means whereby as input force is applied said flexible fins can twist to form an angle of
attack for providing forward thrust with respect to the longitudinal dimension of the
watercraft while moving in both directions along said arcuate path;

the improvement wherein each of said fins has generally square top, the overall
thickness of the fin decreases in the direction of the frailing edge, and a generally
peripheral area which is a harder, less flexible rubber than the inner area whereby the

cordwise stiffness of the fin increases in the direction of the trailing edge.

4. The watercraft of claims 2 or 3 wherein said inner area is of a generally

sawtooth configuration.

5. The watercraft of claims 1, 2 or 3 having the improvement wherein each of
said fins is provided with means at its trailing edge to provide adjustable tensioning of

the trailing edge.
12
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18 i Ewatdrgraftsfelaims 1, 2 or 3 having the further improvement wherein
each of said fins is provided with threaded means at the clew of its trailing edge to

provide adjustable tensioning of the trailing edge.
7. The watercraft of claims 2 or 3 wherein the peripheral area has a hardness

about 50 to about 90 Shore A Hardness Scale and the inner area has a hardness of

about 20 to about 50 Shore A‘H;ardness Scale.

13



WO 2007/019552 PCT/US2006/031075
1/5

Figure 1

g

3

£

N
by

SUBSTITUTE SHEET (RULE 26)



WO 2007/019552 PCT/US2006/031075
2/5

SUBSTITUTE SHEET (RULE 26)



WO 2007/019552 PCT/US2006/031075

3/5

Figure 5
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Figure 7
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