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YEROFOR, if 

Eucas L. Eatinaei, Newton Highlands, and Waiter it. 
Woodward, Carisie, Mass, assigg's to CoS:20 Ry 
agaics, Inc., Newsota Jeper Fais, Mass., a corp3riáicia 
of Tyiassé cat setts 

Fied Mar. 26, 1963, Ser. No. 26S,352 
E7 Caixas. (C. 4-66.5) 

This invention relates to hydrofoil lifting devices and 
has for its principal objects to provide devices of different 
form embodying equivalent physical structure for use 
with aquatic structures and/or amphibian craft to elevate 
and/or to assist in elevating the structure or craft from 
the surface of the water either for sport or for utility; 
to provide a device which has a high degree of stability, 
enabling maintenance of height and affording resistance 
to upsetting response from wave disturbances and/or 
speed changes and, at the same time, affording a high 
degree of control both with respect to the elevation and 
fight; to provide a device which is highly maneuverable 
with a minimum of skill thus affording amusement for 
the amateur as well as the professional; to provide a de 
vice which is operative at relatively low speed so as to 
be available to the owner of boats of low power as well 
as those of high power and to Suit the daring and/or 
skill of the participant and to make it easier to initiate 
flight; and to provide a device which can be applied to a 
pair of skis, a single slalom ski, aquaplanes, surfboards, 
saucers, boats, amphibious craft and aircraft. 
As herein illustrated, the device comprises foil elements 

disposed transversely of the direction of movement in 
spaced parallel relation, and means for rigidly securing the 
foils in spaced parallel relation to the underside of the 
structure, with the foils situated forwardly and rearward- & 
ly of the center of the supported weight. The means 
securing the foils to the underside of the structure is a 
strut having diverging legs, the upper divergent ends of 
which are secured to the structure, transversely thereof. 
A boom, secured to the convergent ends of the legs at 
their intersections with its axis perpendicular to the plane 
of the legs, supports the foils, the foil forwardly of the 
legs being secured to the upper side of the boom and hay 
ing a positive lift effect and the foil at the rear of the 
legs being secured to the underside of the boom and 
having a negative lift effect. The diverging legs of the 
strut provide lift and, in one form, limbs projecting to 
Ward each other to which are attached means for securing 
a ski to the upper end of each leg. Alternatively, the 
upper ends of the legs may be joined by a horizontal part 
to which the ski fastening means may be secured, or by 
means of which any structure to be elevated thereby may 
be secured. In this form the horizontal part is also a 
foil and provides lift at low speed during emergence of 
the device from the water. 
The invention will now be described in greater detail 

with reference to the accompanying drawings wherein: 
FIG. 1 is a perspective of the hydrofoil device show 

ing, in phantom, a pair of water skis attached thereto; 
FiG. 2 is an elevation of the device as seen from the 

left-hand side of FIG. 1; 
FIG. 3 is an elevation of a modification in which the 

divergent legs are joined at their upper ends; 
FiG. 3a is a bottom view of part of the ski showing 

a Scale marked thereon to facilitate attaching the device 
to the ski at the best position; 

FIG. 4 is a fragmentary elevation of the upper part of 
the device showing a clamping bracket for a ski; 

FIG. 5 is a fragmentary elevation of the device show 
ing another form of clamping bracket for a ski; 

F.G. 6 is a plan view of FIG. 5; - 
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FIG. 7 is a fragmentary elevation at the upper part of 

the strut showing another form of clamping bracket for 
a ski; 

FiG. 8 is an elevation as seen from the left-hand side 
of FIG. 7; 

FIG. 9 is a fragmentary elevation of still another form 
of clamp for a ski; 

F.G. 10 is a perspective of the device adapted to be 
attached to a surfboard; and 

FIG. 11 is an elevation diagrammatically showing the 
position of the foot and leg on the ski in relation to the 
device attached to the ski, showing the ski elevated from 
the surface of the water for low and high speed flight 
and illustrating the various forces involved. 

Referring to the drawings, FIG. 1 shows the hydro 
foil device E6 with a pair of water skis 2 attached there 
to, although it is to be understood that other aquatic 
structures may be attached thereto, for example a single 
slalom ski, a surfboard, a saucer, or the like, and that it 
may be employed in conjunction with boats, amphibious 
crafts and aircrafts, the purpose of the device in these 
latter instances being utilitarian rather than for sport 
to assist in lifting the craft from the water. . 
The device comprises a V-shaped strut 14 having up 

Wardly diverging legs 16-i6, at the upper divergent ends 
of which are inwardly extending, horizontal limbs 8-18 
to which skis or the like may be attached with their lon 
gitudinal axes perpendicular to the plane of the legs. The 
lower convergent ends of the legs 16-6 are secured 
by means of welding or bolts to a horizontally disposed 
boom 20, with its axis extending forwardly and rearwardly 
of the plane of the legs and perpendicular thereto. Foils 
22 and 24 are attached to the boom 20, forwardly and 
rearwardly of the strut and transversely of the boom, 
the forward foil 22 being attached to the upper side of 
the boom and having a positive lifting effect and the foil 
24 being attached to the underside of the boom and having 
a negative lifting effect. 

In an alternative form, the strut 14, as shown in FIG. 
3, may be of delta-shape, having a horizontal part 26 
joining the upper divergent extremities of the legs 16-56. 
The legs in each form and the horizontal part in the delta 
Strut are of lenticular cross-section and constitute lifting foils. 
The device may be modified for attachment, as shown 

in FIG. 10, to a surfboard 30 or similar structure by at 
taching the boom 20 to spaced struts 14a-34a. In 
similar manner, foils may be attached to the underside of 
the hull of a boat or the pontoon of an aircraft. Addi 
tional lift may be attained by additional foils, below those 
shown, by extending the strut for this purpose. 
A Successfully operated embodiment of the invention 

which proved practical from the standpoint of manu 
facture and use, has an overall height, that is, from 
the upper ends of its divergent legs to the convergent 
lower ends of 23 inches and an overall width, between 
the upper ends of the divergent legs, of 22 inches. 
The legs have a foil cross-section lenticular in shape, situ 
alted with the fiat sides disposed outwardly and the con 
vex sides disposed inwardly, which is 2.75 inches in width. 
The foil 22, which constitutes the forward wing and 
provides the positive lifting effect, is 2.75 inches wide 
by i4 inches long, is fastened to the boom so that its 
leading edge is 6.75 inches from the forward edge of the 
strut and inclines 1.50 to the horizontal. The foil 24, 
which constitutes the stabilizer, is 2.75 inches wide, 10 
inches long, is mounted 10 inches behind the forward 
edge of the strut with its convex side facing downwardly 
and having an incidence of 0°. When employing the 
foregoing dimensions the skis are mounted 1.00 inch 
above the strut and the foot of the skier should be so 
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positioned that the ankle bone, which represents the 
approximate application of the weight of the skier, should 
be approximately 6 inches ahead of the front edge of 
the strut. The following table shows dimensional toler 
ances from the foregoing: 

Item Dimension Tolerance 

2.75 x 4' wing ahead of W------------inches-- 6.75 ls. 25 
2.75 x 10'Stabilizer behind V-----------do---- 0.00 2.00 eight of V, bottom to top--------...---do---- 23 0. 
Ski above.Y-----------------------------do---- 1.00 1.00 Foil Zero-lift angle from flat surface---degrees-- O 1 
Wing incidence, flat surface to boo -do---- 1.50 c. 5 

s2.5 Stabilizer incidence--------------------- do- 0 

The forces involved and their direction are diagramati 
cally shown in F.G. 11 and, of course, exist in a state of 
equilibrium under normal controlled flight. The forces 
are designated in F.G. 11 by reference letters and the 
following table indicates their meaning: 
DS-Stabilizer drag 
Dsk-Ski drag, negligible when out of water 
Dy-W drag - 
LS-Stabilizer lift, normally negative 
LSk-Ski lift, negligible when out of water 
Ly-V lift 
Ly-Wing lift 
Mo-Ankle moment, A.R. to balance all others 
MS-Stabilizer moment, normally negative 
Msk-Ski moment, negligible when out of water 
My-V moment 
To-Operator thrust, equal to tow line tension 
Wf-Weight of foil assembly 
Wo-Operator's weight 
Wsk-Ski weight 

It is to be understood that the variables involved are 
So numerous and so dependent upon each other that, as 
a practical matter, it is impossible to place limits upon the 
proportions of the device and its use under operating con 
ditions since extreme conditions of loading, that is, weight 
of the operator, low and high speed towing, wave con 
ditions and proportions of the foils will change the op 
eration and require adjustment. - 

Primarily, of course, the device must be of sufficient 
strength and rigidity to withstand the strain imposed on 
it by the combined effect of the weight of the support 
ing structure and the person or persons occupying the 
structure, the force imparted to it by the tow line and the 
stresses developed by the turbulence of the waves. 

In addition to the foregoing, it is important that the 
device provide flying stability. This is achieved by plac 
ing the legs of the strut sufficiently aft of the forward 
foil or wing and of the operator's feet, so that the en 
tire device tends to stay behind or opposite the direction 
of pull. If the strut is too far forward, directional in 
stability develops which results in uncontroiled deviation 
of flight to the right or left. Too much directional sta 
bility on the other hand makes the device uncontrollable. 
For best results, with a V-shaped strut of the dimensions 
referred to above, the wings should be 6.75 inches ahead 
of the leading edge of the strut. The projected side areas 
of the legs have considerable effect on the directional 
stability; however, from the standpoint of directional 
stability alone, it is not important whether the strut is 
in the form of a W, as illustrated, or a single vertical 
member as shown in F.G. 10. 

It is also desirable automatically to achieve height 
stability. Thus, for example, if there is a height dis 
turbance, as the result of a wave, it is desirable that this 
disturbance be followed by an automatic corrective action 
such as to return the device to the original depth. In 
stability in this respect tends to cause the device to either 
fly out of the water or - plunge too deeply--either ex 
treme demanding attention and skill on the part of the 
participant. Height stability is achieved by placing the 

5 

0 

5 

20 

25 

30 

40 

50 

60 

75 

(i. 
Strut as far forward as the directional stability limita 
tions will permit. In this forward position and with the 
proper degree of foil incidence the strut becomes a lift 
ing surface which supports roughly one-third of the total 
weight, the wing carrying the remaining two-thirds. Since 
the W-shaped strut pierces the surface, it loses its lifting 
capacity in approximate proportion to the height at any 
given time this giving the desired degree of height sta 
bility. 

Other factors such as the V-angle of the strut, foil 
incidence and foil twist influence the height stability 
characteristics. 

Since the device flies in a very restricted height Zone, 
the pitch stability is difficult to distinguish from height 
stability. Fitch stability concerns the longitudinal at 
titude (ankle angle) and the pitching moment (ankie 
control moment) required to hold the device at the cor 
rect flying height. Even tilough designed to provide a 
proper positive static height stability, a negative longitu 
dinal stability will result in an unstable height char 
acteristic. 

Longitudinal or pitch stability requires that the opera 
tor's weight be forward of the aerodynamic center, that 
being the point about which the pitching moment is con 
stant with the pitch angle. Thus the pitch longitudinal 
stability is adjusted by moving the entire device with 
respect to the ski foot harness. Such adjustment is 
afforded, as will appear hereinafter, by clamping attach 
ments which make it easy to adjust the device relative to 
the skis and hence to obtain the optimum position for 
light and heavy participants. 
From a roll standpoint, the device is analogous to a 

bicycle, because the center of gravity is far above the 
point of support. As in the case of the bicycle, the par 
ticipant is confronted with no problem in staying on top 
by using steering control. 
The particular success of the hydrofoil disclosed here 

in, from the standpoint of performance, such as high lift, 
low drag, etc., as well as stability and control, results 
essentially from the combination of a totally submerged 
forward foil or wing having a positive lift effect; a totally 
Submerged rearward foil constituting a stabilizer of nega 
tive lift; and a W-shaped or delta-shaped strut partially 
submerged, positioned midway between the wing and 
stabilizer. 
As previously pointed out, the W-shaped strut provides 

a positive lifting action. The horizontal member of the 
delta strut not only provides for a wide variety of attach 
ment but is also designed to provide an additional lifting 
component which greatly assists in bringing the operator 
to the surface at slow speed. 
The upper cross-member, whether bent from the leg of 

the W or made of separate pieces, is provided with a nega 
tive zero lift angle which makes it effective in lifting while 
the skis are at an attitude of -5° to +25°. The wing is 
less effective in this range, contributing its greatest lift 
from the higher speed range where the skis are at an 
attitude of -- 10 to -10. The lift of the cross-member 
is important for it greatly assists the novice skier or the 
low-powered boat owner to achieve ordinary ski opera 
tions at a lower speed. 
The hydrofoil device may be supplied as a unit for 

attachment to skis or the like already in the possession 
of the purchaser of the device, or it may be supplied as 
part of a kit, consisting of the device and a pair of skis 
or other structure specially designed for use therewith, 
and provided with suitable attaching means. 
One form of attaching means for a strut is shown in 

FIG. 4 in the form of a ciamping bracket 32 comprising 
a ferrule 34 slidably disposed on the leg 16, a part 36, 
substantially parallel to the leg, a part 38 substantially 
perpendicular to the limb i8 and a part 40 supported by 
an elbow 42 parallel to the limb 8. The part 40 con 
stitutes a clamping foot and may be adjusted vertically 
with respect to the limb 18 by sliding the ferrule 34 along 

  



3,164,119 

the leg 16 so as to receive the outer edge of a ski S 
therebetween. 
an upward thrust on the foot 48 which cants the ferrule 
34 with respect to the leg is so as to bind it in place. 
Two such brackets are employed, one at the upper end of 
each leg. Somewhat greater security may be obtained 
with clamping means such as shown in FIGS. 5 and 6. 
A bracket 44 is attached by suitable means to the leg 6 
and has a horizontal flange 46 spaced from the top of 
the leg sufficiently to permit inserting the edge of the ski 
between the leg and the flange. A pair of straps 48-48 
are fastened to the flange at one end and have at their 
opposite ends hooks 50 for engagement with the inner 
edge of the ski. The hooks 50 are secured to the straps 
by screws 52 or the like for shortening or pulling up the 
strap. A toggle or snap-lock assembly is considered to 
be the full equivalent. 

Clamping means particularly suited for the deta-shaped 
strut (FIG. 3) is shown in FIGS. 7, 8 and 9. in FEG. 8 
the means comprises brackets 54 and 56. The bracket 54 
is fixed to the horizontal part 26 and the bracket 56 is 
perforated so as to be slidable therealong, both for the 
purpose of adjusting the distance between the two for 
skis of different width and for the purpose of locking the 
parts in place as will appear. The upper extremity of 
each bracket 54, 56 has an outwardiy extending, right 
angle, horizontal portion 58 and a vertical portion 66 for 
contact, respectively, with the bottom side of the ski and 
the edges of the ski. The brackets 54 and 56 contain 
slots 62 and flexible elements in the form of straps 64 
are threaded through the slots so that they may be looped 
around the underside of the ski and over the top side for 
securement of their ends by means of clamps 66. It is 
necessary to provide some means to prevent the brackets 
54 and 56 from sliding freely along the horizontal part 
226 during flight. Tape, solder, weld, pins, screws, plastic 
cement, or other means are suitable for fixing the relative 
position of at least one bracket of the pair as shown in 
FiG. 7 at the juncture bracket 54 and the horizontal 
part 26. 
The modification shown in F.G. 9 is like that shown in 

FiG. 8 except that each of the brackets 54 and 56 are 
slidably secured to the horizontal part 26. By drawing 

The weight of the skier on the ski exerts 
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the strap tight one or both brackets may be caused to bite 
into the horizontal part 26, and thus lock the clamping 
assembly in place. 

it is to be understood that while the several forms of 
clamping devices related above are considered to be par 
ticularly expedient for the purpose of attaching and de 
taching skis and for adjustment to different ski size, it is 
within the province of the invention to use any suitable 
means for attaching the ski thereto. 
To assist in locating the device in the correct position 

during assembly for optimum performance, the botton 
surfaces of the skis may be provided with scales C (FIG. 
3a), longitudinally thereof, graduated to show the posi 
tion for various specific weights. 
The device described above has a single wing and stabi 

lizer assembly, however, it is within the scope of the 
invention to modify the lift afforded by this assembly by 
adding, for example, a second wing between the first wing 
and the strut, for the purpose of reducing the take-off 
speed and to assist in bringing about emergence of heavy 
operators and/or by the use of low powered boats. To 
further increase the lift, two V-shaped struts may be used 
in place of the single strut shown, for example, in F.G. 10. 
It is also contemplated that several wing and stabilizer 
assemblies may be cascaded by extension of the strut so 
that the assemblies are arranged in spaced parallel rela 
tion and some, at least the upper ones of the assemblies, 
will be lifted completely out of the water in flight. 
When attaching the device to other watercraft appro 
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priate attaching means will be used for the particular in 
stallation. Advantages of the clamping brackets shown 
reside in the minimum use of screws, fittings and the like, 75 

6 
which increase drag and/or weight and the avoidance of 
loss of strength which would be incurred if the parts Were 
welded, riveted or secured by other components which 
required piercing the strut, and to the fact that they are 
adjustable for any width of ski and/or taper of ski and 
that by removing two of these brackets the remaining two 
may be used for securement to an aquaplane or a singie 
slalom type ski. 

it should be understood that the present disclosure is 
for the purpose of illustration only and that this invention 
includes all modifications and equivalents which fall with 
in the scope of the appended claims. 
We claim: 
1. A hydrofoil lifting device for elevating an aquatic 

structure from the water when moved therealong com 
prising a totally submerged wing foil having a positive 
lift effect, a totally submerged stabilizing foil having a 
negative lift effect, a strut extending downwardly from 
the underside of the structure, and means rigidly secured 
to the lower end of the strut, said means extending for 
wardly and rearwardly thereof and said wing and stabilizer 
foils being secured transversely thereof in spaced parallel 
relation to each other with the wing ahead of the strut 
and the stabilizer behind the strut. 

2. A hydrofoil lifting device for elevating an aquatic 
structure from the water when moving at a predetermined 
speed comprising a strut fixed to the underside of the 
structure having transversely disposed, downwardly con 
verging legs located at a connected plane at their upper 
divergent ends to the structure, a boom secured to the 
convergent lower ends of the legs so as to extend for 
wardly and rearwardly with respect to the transverse 
plane of the legs, and totally subEnerged air foils fixed 
to the boom forwardly and rearwardly of the strut and 
transverse to the longitudinal axis thereof. 

3. A hydrofoil lifting device for elevating an aquatic 
structure from the water when moving at a predetermined 
speed comprising a W-shaped strut fixed to the underside 
of the structure with the legs disposed transversely and 
with the upper divergent ends of the legs connected to 
the structure, an elongate boom fixed to the lower con 
verging ends of the legs at the apex of the W-shaped strut, 
and foils fixed to the boom forwardly and rearwardly of 
the strut, parallel to each other and to the underside of 
the structure, the forward foil being secured to the upper 
side of the boom and having a positive lift effect and the 
rearward foil being secured to the underside of the boom 
and having a negative lift effect. 

4. A hydrofoil lifting device for elevating an aquatic 
structure from the water when moving at a predetermined 
speed comprising a V-shaped strut having diverging legs, 
a boom secured to the foot of the strut at the junction of 
the legs with its axis perpendicular to the plane of the 
legs, foils secured transversely of the boom forwardly and 
rearwardly of the legs, and means at the divergent upper 
ends of the legs for securing a body-supporting structure 
thereto. 

5. A hydrofoil lifting device according to claim 4, 
wherein the legs constitute foils which have a lifting effect 
which supplements the lift afforded by the wing. 

6. A hydrofoil lifting device according to claim 4, 
wherein the legs constitute foils and provide lift which 
Supplement that of the wing and supports about one-third 
the total weight. 

7. A hydrofoil lifting device according to claim 4, 
wherein the legs constitute foils and provide added lift 
which decreases in proportion to the height of emergence 
from the water thus providing height stability. 

8. A hydrofoil lifting device for elevating an aquatic 
structure from the water when moving at a predetermined 
speed comprising a W-shaped strut having diverging legs, a 
boom secured to the foot of the strut at the junction of 
the legs with its axis perpendicular to the plane of the 
legs, foils secured transversely of the boom forwardly and 
rearwardly of the legs, limbs at the upper divergent ends 
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of the legs extending toward each other, and means on 
the limbs for detachably securing a body-supporting struc 
ture thereto. - 

9. A hydrofoil lifting device for elevating an aquatic 
structure from the water comprising a W-shaped strut 
having divergent legs, a boom secured to the foot of the 
strut at the junction of the legs with its axis perpendicular 
to the plane of the legs, foils secured transversely of the 
boom forwardly and rearwardly of the legs, limbs at the 
upper divergent ends of the legs extending toward each 
other, and attaching means on the limbs for detachably 
Securing water skis thereto in spaced parallel relation. 

10. A hydrofoil lifting device for elevating an aquatic 
structure from the water when moving at a predetermined 
speed comprising a delta-shaped strut having a horizontal 
part and downwardly converging legs, the upper divergent 
ends of the legs being connected to the opposite ends of 
the part, an elongate boom fixed to the convergent lower 
ends of the legs at their intersection with its axis perpen 
dicular to the plane of the legs, foils fixed to the boom 
forwardly and rearwardly of the plane of the legs in spaced 
parallel relation to each other and to the horizontal part, 
and fastening means on the horizontal part for detachably 
Securing a body-supporting structure thereto. 

11. A hydrofoil lifting device according to claim 10, 
wherein the horizontal part constitutes a foil having a 
lifting effect supplementing that of the wing during emer 
gence of the device from the water. 

12. A hydrofoil lifting device for attachment to a ski 
or a pair of skis to effect lifting of the skier to a position 
above the surface of the water when being towed at a 
predetermined speed, comprising a pair of foils and means 
to which a ski or a pair of skis are adapted to be attached 
for supporting the foils spaced below the ski or pair of 
skis in parallel relation thereto, with the foils spaced 
lengthwise of the ski or pair of skis forwardly and rear 
wardly of the place of attachment of the ski or pair of 
skis to said means, and with the forward foil located 
Substantially vertically below the center of weight of the 
skier. 

13. A hydrofoil lifting device according to claim 12, 
wherein the attaching means comprises clamps, each 
having a ferrule slidably supported on the leg of the strut, 
a part attached to the ferrule substantially perpendicular 
thereto and parallel to the leg, and a second part sup 
ported at the upper end of the one part in substantially 
parallel relation to the limb at the upper end of the leg, 
said second part and limb being adapted to receive the 

5 

30 

35 

40 

45 

3. 
outer edge of a ski and to claimp the ski to the leg 
by jamming of the ferrule against the leg. 

14. A hydrofoil lifting device according to claim 12, 
wherein the attaching means comprises clamps, each 
having a ferrule slidable on a leg of the strut, a first 
part fixed to the ferrule substantially parallel to the leg, 
a second part fixed to the first part substantially perpen 
dicular to the limb, and a third part substantially parallel 
to the limb fixed to the second part, said second part 
being adapted to have engagement with the edge of the 
ski and the third part and limb being adapted to have 
engagement with the top and bottom surfaces of the ski 
adjacent the edge. 

15. A hydrofoil lifting device according to claim 12, 
wherein the attaching means comprises a pair of trans 
versely spaced bracket elements, each having a leg sup 
ported by the horizontal part, oppositely extending right 
angle supports at the upper ends of the legs which col 
lectively provide support for the bottom side and opposite 
edges of a ski placed between them, said legs containing 
slots, elongate flexible elements threaded through the slots, 
and means for securing the ends of the elements about 
the ski. 

16. A hydrofoil apparatus according to claim 15, 
wherein one of the brackets is fixed to the horizontal 
part and the other is slidable thereon. 

17. A hydrofoil apparatus according to claim 15, 
wherein both of the brackets are slidable along the hori 
Zontal part and are adapted to be fixed relative thereto by 
constriction of the flexible element. 
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