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(54) Hydrofoil sallboat with control system

(57) A multi-hulled sailing vessel is provided with a pair of aileron foils 22, 24 that are mounted outboard from each of two
sponsons 14, 16 that are rigidly joined to a central main hull 12. The aileron foils are rotatable about axes that are inclined
toward each other when deployed. Each of the sponsons is provided with a mast 18, 20 carrying a sail 30, 32. The masts
are coupled together by a pair of transverse stabilizing struts 34, 36. The masts are each supported by separate shroud
systems 40, 42. The vessel is equipped with load sensing and foil control means (26, Fig. 7) coupled to at least some of the
shrouds and to the aileron foils so as to rotate the aileron foils about their axes responsive to loads in the shrouds. A rudder
94 at the rear of the central main hull is provided with a transversely mounted elevator foil 108 which is also rotated about
an axis transverse to the rudder responsive to loads in the shrouds.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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The present invention relates to a sailing vessel
equipped with hydrofoils that are operated responsive to

loads on the sails.

Multi-hull sailing vessels have been devised which
include hydrofoils rotatable about axes that are inclined
toward each other. Rotation of the hydrofoils about their
axes adjusts the angle of attack of each hydrofoil as the
hydrofoil moves through the water so as to aid in
maintaining the vessel in an upright position. However,
adjustment of the hydrofoils has heretofore been performed
either manually or responsive to the pressure of the water
on the hydrofoil surface as the hydrofoil moves through the
water. One such conventional system is described in U.S.

patent No. 3,949,695,

The present invention is a sailing vessel of the

type employing a pair of sponsons located on opposite sides
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of a central main hull in which a separate mast and
supporting shroud system is provided for each sponson and in
which the speed and comfort of movement 1is dramatically
improved over conventional systems. The sailing vessél of
the invention is provided with aileron foils, the angles of
attack of which are automatically adjusted by loads in the
sails which are transmitted to the aileron foils from the
shroud system. A sailing vessel equipped with the
hydrofoils of the invention has far greater stability than
conventional multi-huiled vessels. Furthermore, this
stability is totally unaffected by waves. BY employing the
automated hydrofoil adjustment system the vessel can utilize
larger more powerful sails and will exhibit far less drag
from submerged surfaces as contrasted with conventional
sailing vessels. A sailing vessel according to the present
invention can move at approximately two to three times the
speed of the wind under sail power only in moderate to heavy
wind conditions with almost no rolling or pitching.

One principal of operation involved in the
construction of the sailing vessel of the invention is that
the heeling force on the sails is proportional to the load
in the shrouds that laterally support the masts because the
shrouds are the stiffest load path. Therefore, by

connecting the shrouds to the hydrofoils by means of
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proportional load sensors and a pulley system, the foils
will rotate about their respective axes proportionally to
the load on the shrouds to counteract the heeling forces
because the center of pressure on the foils is approx;mately
a constant distance from the axis of rotation. Likewise,
the forces in the fore and aft stays are proportional to
loads in the sail that cause the vessel to pitch in a fore
and aft direction. In addition, flaperons using ground
effect assist these foils in countering heeling forces.

since there can be some nonproportional forces, the
foils are mounted in such a manner that the inclination of
their axes of rotation relative to horizontal and to each
other can be manually adjusted. Also, the main adjustable
foils can be provided with small, fixed ladder-type foils.
The aileron foils of the sailing vessel of the invention are
preferably provided with passive roll control foils, as well
as with a dynamic roll control system. In addition, a
manually originated bias can be superimposed upon the
automated controls to selectively adjust the trim of the
adjustable foils.

Improved safety is a very important advantage of the
sailing vessel of the present invention over conventional
multi-hulled vessels. The sailing vessel of the present

invention will not capsize because of the increased
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stability created by the control system and the addition of
other mechanisms to enhance the stabilization of the vessel
in unusual or dangerous sea conditions. Also, because of
its great speed, the vessel of the present invention éan
often outrun a storm so that it can frequently reach the
safety of a port before encountering the full force of a
storm.

A sailing vessel designed according to the invention
provides a dramatic increase in speed and smoothness of a
ride. The improved multi-hulled sailing vessel of the
invention provides a heretofore unattainable means for
allowing boaters to travel many hundreds of miles to
secluded islands for brief vacations. Such journeys have
previously been impractical since conventional sail boats
move at such slow speeds and since power driven yachts
requirerlarge expensive engines and consume great amounts of
very expensive marine fuel.

A sailing vessel according to the invention will
also find considerable use by people who have heretofore not
engaged in sailing due to seasickness resulting from the
rugged pitching and rolling which is characteristic of
conventional sail boats. A sailing vessel according to the
invention significantly increases the comfort of sailing by

drastically reducing pitching and rolling, while
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concurrently allowing a sail boat to move much more rapidly
through the water than has previously been possible.

Multi-hull sailing vessels have historically been
highly unstable and have provided rides which are uncomfort-
able to many due to excessive heeling. 1In conventional sail
boats, especially multi-hulled vessels, virtually every
Jjoose article must be lashed down to prevent it from being
thrown about by the violent pitching and rolling movements
encountered while under sail. 1In a sailing vessel according
to the design of the present invention, however, even
business and other work can be performed on tables within
the cabins of the vessel while under sail. Unlike
conventional vessels, the rolling and heeling of a sailing
vessel according to the present invention is so diminished
during normal wind and sea conditions that even articles
placed atop tables will not slide off.

The sailing vessel of the invention my also include
special safety features to prevent it from capsizing in
dangerous sea conditions. During a gale or other storm
large sea waves are frequently created that tend to cause a
multi-hulled sailing vessel to roll over on its side. By
adding floats, preferably in the form of inflatable air bags
st both ends of the upper transverse stabilizing strut, the

sailing vessel will be self-righting even if it is knocked
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down by the force of a storm. The sailing vessel will not
lie on its side in a stable manner since a float on the
outboard end on the leeward side of the upper transverse
stabilizing strut will prevent the vessel from being inocked
down by more than about 80 degrees. Therefore, the center
of gravity of the sailing vessel, which acts through the
main central hull, will produce a moment that will tend to
right the sailing vessel. Also, since the hull is
constructed of honeycomb, sandwich composites the sponsons
and the main central hull will have a considerable amount of
entrapped air in their structures. The sailing vessel
therefore is essentially unsinkable.

One safety hazard which does exist with the high
speed vessel of the invention is the danger of a roli over
at high speed caused by a damaged windward aileron foil.
Partially submerged objects, such as logs and other flotsam
and jetsam do exist in the ocean. Since the sailing vessel
of the invention does travel at an extremely high rate of
speed, it is possible that an aileron foil could strike such
an object and shear off while the sailing vessel is in
motion. The absence of one of the aileron foils would
seriously affect both the stability and operability of the
sailing vessel. Thus, if one of the aileron foils were to

be sheared off far at sea, the sailing vessel would be
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helpless and unable to proceed under its own power to a port
where a replacement aileron foil could be obtained. Also,
the sponson could be seriously damaged since the impact of
an aileron foil against an obstacle could tear a suppart
beam out of the sponson with considerable destruction.

To guard against such an occurrence, the support
beams carrying the aileron foils can be mounted relative to
the sponsons upon which they are carried by replaceable
bolts designed to shear off and thereby yield to allow the
aileron foil and support beam to rotate relative to the
sponson so that there will be little damage in the event an
aileron foil strikes a large solid object while traveling at
high speed. When the shear bolts fail they preferably
release cables that are coupled to control the main sheets
of the sails. Thus, the failure of the shear bolts holding
an aileron foil and support beam on a sponson will allow the
aileron foil to rotate freely relative to the sponson and
away from the obstruction. Furthermore, the automatic
release of the main sheets eliminates the heeling force that
would result if an aileron foil were to rise out of the
water while the vessel is under way at high speed. This
heeling force would otherwise act upon the sailing vessel to
tend to flip it on its side. However, a sudden automatic

release of the main sheets will cause the sails to luff and
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the sailing vessel to rapidly but safely decelerate and
allow it to settle back in the water in an upright position.

Damage to the vessel and possible injury to the occupants of

the vessel can thereby be minimized.

The improved sailing vessel of the invention also
provides a new dramatic dimension to sail boat racing, The
vessel design of the present invention allows sail boats to
travel at speeds comparable to those of power racing boats
during heavy wind conditions.

A further advaﬁfage of sailing vessels according to
the invention is the provision of a rapid and practical form
of transportation in isolated islands, which experience
heavy prevailing winds, such as many islands in the South
Pacific. 1In these locations the cost of importing
consumable petroleum based fuels for conventional modes of
transportation is extremely high., 2 sailing vessel
according to the invention provides an effective and
reliable form of wind powered transportation in heavy and
moderate wind conditions of the type which prevail in many
South Pacific island locations.

In one broad aspect the present invention may be
considered to be a sailing vessel comprising a central main
hull, a pair of sponsons located alongside the central main

hull in spaced separation therefrom and rigidly joined
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thereto, a mast supported on each sponson for carrying a
sail, shrouds supporting the masts, a pair of aileron foils
mounted outboard from each of the sponsons about axes
inclined toward each other, and load sensing and foii
control means coupled to at least some of the shrouds and to
the aileron foils to rotate the aileron foils about their
axes responsive to loads in the shrouds.

Preferably the load sensing and foil control means
is comprised of rotational driving means for each of the
aileron foils for turning the aileron foils in rotation
about their respective axes, and an endless loop cable
coupled to both of the rotational driving means.
Longitudinal advancement of the endless loop cables turns
the aileron foils in counter-rotation relative to each
other. The load sensing and foil control means preferably
also includes proportional load transducing means coupled to
at least some 6f the shrouds to sense loads in the shrouds
and to advance the endless loop cable with forces directly
proportional to loads sensed in the shrouds.

since the forces needed to optimally adjust the
angle of attack of the foils are not always precisely
proportional to loads in the shrouds, the sailing vessel of
the invention preferably also comprises manually operable

cable advancement adjustment means coupled to the endless

10
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loop cable in series with the proportional load transducing
means. The manually operable cable advancement adjustment

means allows manual adjustment of the advancement of the

cable for specific prevailing conditions.

one system for providing the desired manual
adjustment contemplates the mounting of the foils in
articulated fashion from the sponsons by means of support
beams. The support beams are mounted on the sponsons in a
rotatable manner. The aileron foils are thereby rotatable
with the support beams to allow adjustment of the
inclination of the axes about which the aileron foils are
rotatable. Preferably some form of hydraulic actuating
means is employed to rotate the support beams relative to
the sponsons.

Another means of providing manual adjustment for the
cable advancement means involves the use of trim pulleys in
the endless loop cable and hydraulic actuators coupled to
the trim pulleys. The trim pulleys may thereby be operated
to introduce a bias toward longitudinal advancement of the
cable in either direction as appropriate.

As in conventional multi-hull sailing vessels that
employ a central main hull, a rudder is located at the rear
of the central main hull. However, unlike conventional

sailing vessels a means is provided for reducing pitching of

11
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the vessel. To this end an elevator foil is disposed

transversely relative to the rudder of the vessel and is
mounted to the rudder for rotation about a transverse axis.
Furthermore, a load sensing and elevator control mean; is
coupled to at least some of the shrouds and to the elevator
foil so as to rotate the elevator foil about the transverse
axis responsive to loads in the shrouds. Preferably also,
there are several small ladder-type passive pitch control
foils that are mounted in a stationary position on the
rudder and project laterally outwardly from the rudder above
the rotatable elevator foil. These transversely projecting
passive pitch control foils are shaped like horizontal fins
projecting from both sides of the rudder and further reduce
pitching of the vessel.

The rudder is mounted for rotation about a vertical
rudder post and preferably is provided with a hydraulic
rudder control means for controlling the rotation of the
rudder at the rudder post. A rudder beam carries the rudder
and the rudder post at the rear of the central main hull. A
transverse hinge is provided for rotatably securing the
rudder beam to the central main hull. A hydraulically
actuated means is coupled to rotate the rudder beam on the
transverse hinge means to alternatively raise and lower the

rudder relative to a body of water in which the central main

12
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hull and the sponsons float.

Because a sailing vessel according to the invention
moves at such high speeds and is capable of beating into the
wind, and since the force of wind against an object )
increases as a square function of the relative wind
velocity, the structure of the sailing vessel must be
modified from that of conventional multi-hulled vessels to
withstand the additional forces to which it is subjected.
In this connection the masts on the two sponsons are cross
connected together by transversely directed stabilizing
struts located at different elevations above the levels of
the sponsons. The stabilizing struts provide additional
rigidity to the overall structure of the sailing vessel to
aid in withstanding the heavy wind forces which develop in
the sails. BAlso, the stabilizing struts aid in creating
greater uniformity in the loadings on the masts and on the
shroud system attached to each of the masts.

The sailing vessel of the invention includes
separate shroud systems which support each of the masts.
Each shroud system is comprised of an inboard and an
outboard upper shroud, both of which are connected to the
top of the mast. Both the inboard and outboard upper
shrouds are secured to the multiple hulls through

proportional load transducing means. Each proportional load

13
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transducing means is coupled between the upper shrouds and
an aileron rotation actuating means to transmit a fraction
of the loads in the shrouds to the aileron rotation
actuating means. Tﬁe aileron rotation actuating means is
comprised of an endless loop cable formed into a loop and
coupled to both of the aileron rotating actuating means.

The separate shroud systems associated-with each
mast are also comprised of aft stays that lead from the
masts and are connected to other proportional load
transducers that transmit a portion of the load from the aft
stays to the elevator rotation mechanism. Preferably, each
shroud system for each mast is comprised of both upper and
lower aft stays, both of which are coupled to a common
proportional load transducer for each shroud system. In one
embodiment of the invention the pair of proportional load
transducers for both shroud systems which controls rotation
of the elevator are located on opposite sides of the central
main hull on the outboard sides thereof approximately midway
between the forestay and the stern. A pair of aft link
cables extend from the proportional load transducers toward
the stern of the central main hull 12. The aft link cables
are coupled to the proportional load transducers and are
also coupled together in the stern of the central main hull

where they are joined to a single rearwardly extending

14
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elevator cable which leads to the elevator through the
structure of the central main hull.

In an alternative embodiment of the invention each
of the separate shroud systems is comprised of cross.étays
that extend from the mast mounted on one sponson, at
different elevations thereabove, to the base of the mast
mounted on the opposite sponson. In such an embodiment the
cross stays are connected to the load sensing and control
means for the aileron foils at the base of the masts and is
coupled to the endless loop cable that is coupled to the
aileron foils. Forestay means extend from each mast to the
front of the sponson upon which the mast is mounted. 1In
such an embodiment the load sensing and control means for
the elevator is located at the rear of the central main hull
and is coupled to the elevator to rotate the elevator foil
about the transverse elevator axis. Each of the separate
shroud means for each of the masts is comprised of aft stays
that extend from the masts. All of the aft shrouds are
connected to the same load sensing and pitch control means
at the rear of the central main hull. The elevator foil
rotates about the transverse elevator axis in response to
loads in these aft stays. Preferably, there is at least an
upper and a lower aft stay coupled to the same proportional

load sensing means from each mast in this embodiment.
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