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This invention relates to hydrofoil units for watercraft 
and more particularly to load-alleviating hydrofoil units 
for watercraft. 
The lifting surfaces or foils of hydrofoil units, whether 

of the submerged or surface-piercing type, experience in 
cremental lift forces when operating in certain sea states. 
These forces are produced by the varying depth of the 
lifting surface below the surface of the water due to waves 
and the orbital velocities within a wave which together 
vary the instantaneous angle of attack and relative veloci 

of the lifting surface with respect to the water. These 
actions produce vertical accelerations of the watercraft 
which if uncontrolled will limit the maximum wave height 
in which the craft can operate. One approach to con 
trolling the incremental loads on the lifting sufrace has 
been the use of flaps or incidence control surfaces mounted 
on the lifting surface and actuated by an automatic con 
trol system which senses vehicle motions. However, these 
systems have proved to be very complex and expensive. 
Another attempt, indicated by the prior art, has been the 
use of a hydrofoil unit which is pivotally mounted through 
a shaft to the hull of a watercraft. Incremental loads 
experienced by the lifting surface of this hydrofoil unit 
are transmitted through a torque produced on the mount 
ing shaft to a spring system which resists the mounting 
shaft rotation. Such system, however, provides a single 
suspension point for the hydrofoil unit thus requiring 
such mounting point to accept large loads. Moreover, 
the distance between the center-of-pressure on the lifting 
surface and the pivot point relative to the distance be 
tween the center-of-drag and the pivot point, makes a 
single mounting hydrofoil unit highly sensitive to drag 
forces rather than lift forces. 

Accordingly, it is an object of the present invention 
to provide a load-alleviating hydrofoil unit for a water 
craft which is mounted to the hull of a watercraft at 
two longitudinally spaced apart locations so as to change 
its angle of incidence in response to incremental loads on 
the hydrofoil unit lifting surfaces. 

It is another object of the present invention to provide 
a load-alleviating hydrofoil unit for a watercraft which 
has a lifting surface supported by two arms one of which 
is pivotally mounted and the other being supported 
through reaction means longitudinally and laterally spaced 
apart from the pivotal mountinc so that the unit is pri 
marily responsive to incremental lift loads on the lifting 
surfaces. 
For a better understanding of the invention, together 

with other objects thereof, reference should now be made 
to the following detailed description which is to be read 
in conjunction with the accompanying drawings in which: 
FIGURE 1 is a side elevation view of a watercraft 

having a load-alleviating hydrofoil unit; 
FIGURE 2 is a plan view of the watercraft shown in 

FIGURE 1; 
FIGURE 3 is a front elevation view of the watercraft 

shown in FIGURE 1; 
FIGURE 4 is a diagrammatic side elevation view of a 

portion of a watercraft having a modi?ed load-alleviating 
hydrofoil unit; 
FIGURE 5 is a diagrammatic plan view of the portion 

of the watercraft shown in FIGURE 4; 
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FIGURE 6 is a diagrammatic front view of the water 

craft shown in FIGURE 4; 
FIGURE 7 is a diagrammatic side elevation view of 

a watercraft having another modi?ed load-alleviating hy 
drofoil unit; 
FIGURE 8 is a diagrammatic plan view of the portion 

of the watercraft shown in FIGURE 7; 
FIGURE 9 is a diagrammatic front view of the portion 

of the watercraft shown in FIGURE 7. 
Referring now to FIGURE 1, there is shown a water 

craft 2%) having a hull 22, a ?xed angle-of-incidence rear 
hydrofoil unit 24, propulsion means 26 and a pair of load 
alleviating hydrofoil units 28 and 30 mounted on opposite 
sides of hull 22. The hydrofoil unit con?guration shown 
in FIGURES 1 through 3 is a “zero-shift” center-of-pres 
sure system. In such a system, the center-of-pressure of 
the vertical forces which lift the watercraft is ?xed irre 
spective of the depth of immersion of the hydrofoil in 
the water. In other words, the surface-piercing lifting 
surfaces of the hydrofoil unit are arranged in balanced 
manner so that the lift loads applied thereto do not shift 
longitudinally depending upon the depth to which the 
lifting surfaces are submerged. Since the hydrofoil units 
28 and 30 are identical in structure, as well as operation, 
the following description will apply to only one of such 
units. 
The surface-piercing load-alleviating hydrofoil unit 28 

generally comprises a pair of supporting arms, a pair of 
surface-piercing lifting surfaces and reaction means. On 
the underside of bull 22 a pivotal mounting 32 is pro 
vided which supports one end of a supporting arm 34. 
The opposite end of arm 34 is ?xedly connected to a sur 
face-piercing lifting surface 36. Lifting surface 36 extends 
downwardly, rearwardly and outboard having its lower 
end ?xedly connected to the lower end of a second lifting 
surface 38. Lifting surface 38. extends upwardly, rear 
wardly and outboard and has its upper end ?xedly con 
nected to a second arm 49. Arm 40 extends upward 
and inboard towards the bow of the watercraft and has 
its upper end carried by reaction means 42. Reaction 
means 42 comprises a housing 44 mounted on hull 22 
and sl-idcably carries a shaft 46 having a pivotal housing 
48. The upper end of a shock absorber 50 is pivotally 
mounted in housing 48 and the lower end is pivotaliy 
connected to a supporting plate 52. The upper end of 
arm 40 is ?xedly connected to plate 52 and the latter 
also carries one end of stabilizer 54, the upper end of 
stabilizer 54 being pivotally mounted to hull 22. 
In operation, incremental loads applied to the lifting 

surfaces due to the varying depth the lifting surfaces are 
submerged and to wave orbital velocities produce a rota 
tion of the hydrofoil unit 28 about the pivotal mounting 
32. It is apparent that such rotation causes a change 
in the angle of incidence of the lifting surfaces relative 
to the water. This change in incidence angle results in 
a decreased lift of the lifting surfaces 36 and 38 so as 
to mitigate any change in height of the watercraft relative 
to the water level which would otherwise occur due to 
the incremental loads. While the change in angle of 
incidence produces an immediate decrease in lift, the 
reaction system 42 tends to restore the lifting surfaces to 
their original positions to maintain the craft at its original 
level above the water surface. Since the necessary re 
storing force of system 42 depends on the longitudinal 
distance between pivotal mounting 32 and shock absorber 
50 relative to the distance between mounting 32 and the 
center-of-pressure (c.p.), it will be seen that the two 
point mounting of the unit with the sweep-back of the 
lifting surfaces 36 and 38 provides a hydrofoil unit 28 
with considerable mechanical advantage. Moreover, the 
lifting surface mounting arrangement and the lifting sur 
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face sweep-back, provides a long moment arm for the 
center-of-pressure through which the lift forces act re 
lative to the length of the lever through which the lifting 
surface drag acts,.thus making the unit more sensitive to 
lift forces. 

It is to be understood that while the reaction means 
in the above-described hydrofoil unit is a passive system 
comprising a hydraulic shock absorber, other devices 
such as an air spring, a simple coil spring or a hydraulic 
accumulator could be used; furthermore, the reaction 
means could be an active system comprising an actuator 
responsive to motions of the watercraft. 

It should also be noted that in this embodiment the 
pair of hydrofoil units 28 and 30 are connected by tor 
sion bar 56, as seen best in FIGURE 3. In this manner, 
the hydrofoil units operate dependently so as to provide 
roll stability to the watercraft. The interconnection by 
torsion bar 56 could be provided by other devices, how 
ever, such as hydraulic linkage. 

In FIGURES 4 through 6, an alternate embodiment of 
a load-alleviating hydrofoil unit is shown. The water 
craft 76 comprises a hull 72 and a pair of load-alleviating 
surface-piercing hydrofoil units 74. One of the hydro 
foil units 74, comprises a lifting surface 76 which is 
normally totally immersed in the water and extends sub 
stantially athwartship the longitudinal centerline of the 
watercraft. On the outboard end of lifting surface 76 
a surface-piercing lifting surface 78 is ?xedly connected 
which extends upward, aft and outboard relative to the 
lifting surface 76. The upper end of partial lifting sur 
face 78 is ?xedly connected to a ?rst arm 80 at its lower 
end. The arm 80 extends upward, af-t and inboard and 
has its upper end supported by resilient suspension means 
82. A second arm 84 is ?xedly mounted to hull 72 and 
depends downwardly having its lower end pivotally con 
nected to lifting surface 76. 

In FIGURE 5 there is illustrated the starboard plane 
view of the watercraft 70 shown in FIGURE 4. Sweep 
back lifting surface 76 is partly visible and partly hidden 
by the hull 72. The outboard end of lifting surface 76 
is ?xedly connected with the surface piercing lifting sur 
face 78 which extends upwards from lifting surface 76 
and aft and outboard relative to the watercraft 70. 
A ?rst arm 80 is ?xedly connected with the upper end 

of the partial lifting surface 78 on one side and is sup 
ported by resilient suspension means 82 on the other side. 
FIGURE 6 is a front view of the watercraft "itl il 

lustrating the hydrofoil units 74 on port and starboard 
of watercraft 7i) and in particular shows the pivot 86 
between lifting surface 76 and second arm 84. 

Operation of this embodiment of a load-alleviating 
hydrofoil unit is identical to that of the embodiment 
shown in FIGURES 1 through 3. However, the modi?ed 
embodiment constitutes an arrangement whereby the lift 
center will move aft with increased submergence of the 
surface-piercing lifting surface 78. This has the effect 
of further increasing the moment about pivot 86 and 
also increasing the reacting load on 82. In this manner 
the change in incidence with submergence will be further 
increased over the ?xed center-of-pressure system. 
Another embodiment of a load-alleviating surface 

piercing hydrofoil unit is shown in FIGURES 7 through 
9. The watercraft 90 includes a hull 92 a pair of load 
alleviating hydrofoil units 94. Each of the hydrofoil 
units 94 comprises a lifting surface 96 which is normally 
totally submerged in the water and a surface-piercing 
lifting surface 98 having its lower end ?xedly attached 
to the outboard end of lifting surface 96. Partial lifting 
surface 98 extends upward, forward and outboard with 
respect to the lifting surface 96 and has its upper end 
?xedly connected to the lower end of an arm 11.90. The 
arm 1% extends inboard, forward and upward and has 
its upper end connected to hull 92 through pivotal mount 
ing 102. A second arm 104 provides the second mount 
ing means for the lifting surfaces and has its lower end 
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?xedly mounted to lifting surface 96 and its upper end 
carried by a spring suspension system 196. 

While the operation of this embodiment of a load 
alleviating hydrofoil unit is the same as the previous em 
bodiments, the center-of-pressure in this arrangement 
moves forward with increased immersion of the surface 
piercing lifting surface. This forward movement of the 
center-of-pressure decreases the amount of incidence 
change with submergence. In this manner the change 
in incidence with submergence will be less than obtained 
with a ?xed center-of-pressure system. 

It has been shown that the objects of this invention are 
accomplished irrespective of the particular arrangement 
of the hydrofoil unit providing that the lifting surfaces 
are supported by the watercraft hull at two locations, one 
of which is a pivotal mounting and the other of which 
is through a reaction means, and that these two points 
are widely spaced apart in a longitudinal direction. Also, 
while several embodiments of the present invention have 
been shown and described, it will be obvious to those 
skilled in the art that changes and modi?cations may be 
made without departing from the invention in its broader 
aspects. Accordingly, the aim in the appended claims is 
to cover all such changes and modi?cations as fall with 
in the true spirit and scope of the invention. 

I claim: 
1. In a watercraft having a hull, a load-alleviating hy 

drofoil unit comprising: 
(a) a sweepback foil having an aft sweep back portion 

and forward sweep back portion; 
(b) reaction means responsive to movement of said 

foil and mounted on said hull; 
(c) a ?rst arm having one end connected to said re 

action means and depending forwardly and down 
wardly, the other end of said arm ?xedly connected 
to said foil after sweepback portion; and 

(d) a second arm having one end ?xedly connected to 
said hull and depending downwardly, the other end 
of said arm pivotally connected to said foil forward 
sweepback portion, said second arm connection to 
said hull being longitudinally and laterally spaced 
apart from said reaction means with respect to the 
longitudinal axis of said watercraft. 

2. In a watercraft having a hull, a load-allevating 
hydrofoil unit comprising: 

(a) a normally submerged lifting surface; 
(b) a partially submerged lifting surface having its 
lower end attached to said submerged lifting surface 
and extending rearwardly and outwardly relative to 
said submerged lifting surface; 

(c) a ?rst arm attached at its lower end to the upper 
end of said partially submerged lifting surface and 
extending rearwardly and inwardly, the upper end 
of said ?rst arm carried by a reaction means; 

(d) a second arm pivotally attached to said submerged 
lifting surface at its lower end and extending up 
wardly, the upper end of said second arm ?xedly 
mounted to said hull; and 

(e) said reaction means mounted on said hull at a 
longitudinally and laterally spaced apart location 
from said ?xed mounting of said second arm upper 
end, with respect to the longitudinal axis of the 
watercraft whereby incremental loads in an upward 
ly direction applied to said submerged and partially 
submerged lifting surfaces produce a change in the 
angle of incidence of said lifting surface. 

3. The hydrofoil unit of claim 2 wherein said reaction 
means includes a resilient element. 

4. The hydrofoil unit of said claim 2 wherein said 
reaction means comprises actuating means responsive to 
motion of the watercraft. 

5. The hydrofoil unit of claim 2 wherein said reaction 
means is adjustable for various sea-state operating con 
ditions. 
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6. In a watercraft having a hull, a load~alleviating hy 
drofoil unit comprising: 

(a) a normally submerged lifting surface; 
(b) a partially submerged lifting surface having its 

lower end attached to said submerged lifting surface 
and extending forwardly and outwardly relative to 
said submerged lifting surface; 

(0) a ?rst arm attached at its lower end to the upper 
end of said partially submerged lifting surface and 
extending forwardly and inwardly, the upper end 
of said ?rst arm pivotally attached to said hull; 

(d) a second arm ?xedly attached to said submerged 
lifting surface at its lower end and extending up 
wardly, the upper end of said second arm carried by 
a reaction means mounted on said hull; and 

(e) said reaction means mounted on said hull at a 
longitudinally spaced apart location from said pivotal 
attachment of said ?rst arm upper end, whereby in 
cremental loads in an upwardly direction applied to 
said submerged and partially submerged lifting sur 
faces produce a change in the angle of incidence of 
said lifting surfaces. 

7. The hydrofoil unit of claim 6 wherein said reaction 
means includes a resilient element. 

8. The hydrofoil unit of claim 6 wherein said reaction 
means comprises actuating means responsive to motion 
of the watercraft. 

9. The hydrofoil unit of claim 6 wherein said reaction 
means is adjustable for various sea-state operating con 
ditions. 

10. In a watercraft having a hull, a load alleviating hy 
drofoil unit comprising: 

UK 

10 

as 

d 
(a) a pair of lifting surfaces, each having a forward 

portion and an athwartship end portion, said sur 
faces normally submerged and extending substantial 
ly athwartship; 

(b) a pair of resilent suspension means mounted on 
the opposite side of said hull, each of said suspension 
means being disposed substantially vertically, the 
upper end of each of said suspension means being 
?xedly connected to said hull and the lower end of 
each of said suspension means being ?xedly con 
nected to the athwartship end portion of each of 
said lifting surfaces, and 

(c) a pair of arms having upper and lower ends ?xed 
ly mounted at said upper ends to said hull at a sub 
stantially forward location with respect to said re 
silent suspension mounting means at said hull, the 
lower end of said arms pivotally supporting the 
forward portion of each of said lifting surfaces. 

ii. The watercraft as claimed in claim 10 wherein 
said lifting surfaces have a “V” shaped plan view. 
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