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UNITED STATES

PATENT OFFICE. -

' ALEXANDER GRAHAM BELL, OF WASHINGTON, DISTRICT OF COLUMBIA, AND
FREDERICK W. BALDWIN, OF BADDECK, NOVA SCOTIA, CANADA.,

HYDRODROME, HYDROAEROPLANE, AND THE LIKE.

1,410,874,

.. Specification of Letters Patent.

Patented Mar. 28, 1922.

_ Application filed May 7, 1920. Serial No. 379,475,

* 7o all whom it may concern:

Be it known that we, ALExaNpER GRAHAM
Brry, a citizen of the United States of Amer-
ica, and o resident of Washington, District
of Columbia, and Freperick W. BarpwiN, 4

“subject of the King of Great Britain, and a

resident of. Baddeck, Nova Scotia, Canada,

have invented new and useful Improvements -

in Hydrodromes, Hydroaeroplanes, and the
like,” which invention is fully set forth in
the following specification,

. The invention relates to hydroplane boats
of the submerged hydrofoil type which,
when' in motion, are heavier than the water

they displace. -

"Vessels of the submerged hydrofoil type
ave more coraparable to heavier-than-air fly-
ing muchines  than to balloons and are
sharply differentiated from = displacement
vessels by the.fact that they are heavier than
the woler they displace. They have the
same sovt of advantage over the ordinary

displacement vessel  (the lighter-than-water

craft) that the heavier-than-air flying ma-
chine . has over the ordinary balloon (the
lighter-than-air vessel}. Ovrdinary displace-
ment vessels displace their own weight of
the medium  through which they move,
whereas vesséls of the present type weigh a
erent -deal more than the water displaced
by the submerged hydrofoils. - This gives to
the moving vessel the advantage of momen-
tum, and upon this superior momentum. de-
pends its power of ploughing through the
water at great speed. The greater the
weight rupported by the submerged hydro-
foils and the less the weight of water dis-
placed by these hydrofoils the less the re-
tarding effect ot a wave on the whole ma-
chine and the greater the possible speed that
can he attained.

The invention hag for its object the pro-
vision of a construction of this type which
will embody the maximum of strength with
the minimum of weight; and in which the
pares. ave so constructed, arranged and cor-
related s to secure a maximum of speed and
load-currying ability with the minimum of
apnlied power. To this end there is prefer-
ably provided two sets of hydrofoils pro-
jecting downwards on either side of the hull,
rigidly connected by a truss, or trusses, or
other suitable means. On the central part
of this trass-the main Lull or float strue-
ture is supported. Arranged substantially

above each hydrofoil set and near the outer
ends of the transverse truss or trusses are

placed motor supports, thus carrying the .

weight of the motors and taking the thrust
of the propellers at the most advantageous
point. Below the motor supports, we pre-
fer to provide a pair of substantially hori-
zontal float structures or pontoons, placed
on ‘either side of the hull to balance the
whole structure when at rest or in motion
below planing speed. :

A further and most important object of
the invention is to provide steering means
which can be operated, when the boat is
travelling at high speed—say 60 miles per
hour—with the minimum of power. To
this end, a third hydrofoil set is mounted on
a- vertical axis ‘in the medial line of the
structure and at the rear of the boat. This
set is provided with substantially vertical
strut members to which are secured the hy-
drofoil blades, as hereinafter described. By
these means it has been found possible to
turn the boat on a very sharp turning radius
and at a very high speed, with practically
as- little steering effort as is required with

‘an automobile and without perceptible heel-

ing of the boat when the turn is being made.
This absence of heeling, that is to say the
ability to maintain the boat on an “even

keel”, so to speak, when making a sharp

turn ‘at such a speed—and the ease with
which this is effected by the operator—are
matters of great importance,” as will be
readily appreciated.

Thig feature of the invention will be more

fully” appreciated from a consideration of
the prior art, as represented in such patents
as Hewitt No. 1,084,578 and Forlanini No.
1,112,405, wherein rudder 42¢ (Hewitt, Fig.
2) and rudder T (Forlanini, Fig. 1) are em-
ployed in association with the rear hydrofoil
sets for the purpose of steering. In these
devices the hydrofoil sets are fixed, so far
as any steering function is concerned, the
steering being effected by the use of the con-
ventional rudders referred to, against the
gredt resistance to turning movement pre-
sented by the blades and struts of the hydyo-
foils. ~Accordingly, in such devices the turn
had to be made on a large radius and
through the application of great power.
Further, as hereinafter more fully de-
seribed, the pivoted set of hydrofoils in our
device is preferably provided with blades
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or planes arranged at a dihedral angle with
the vartex. dewnward and with #he upper
lateral extremity of a lower blade intersect-
ing a horizontal plane passing through the
lower extremity of the next higher ‘blade.
'This is of importance because, in turning at

high speed, coentrifugal ferce tends to list

the craft outward awaj{" fram the centgr
about which the turn is being made.

this dihedral arrangement .of blades, .the re-
action of the blades on the water is-directed
to a paint abeve the center of gravity of the
craft, thus preventing the outward ligting
thereof and permitting a very sharp turn,
say in 180 feet, at very high speed (the turn
being started at say 50 m. p. h.) to.be made
on practically an even keel. This feature

has an important bearing on the comfort.
.and safety of the passengers, te say noth-

ing of the striking and impoztant advant

of turning on g short radius. . :
Further, this particular arrangement of

hydrofoils jprevents any vertical oscillation.

craft, which was such a noticeable objection
in the prior art structures.

A feature of importance that contributes
largely to the high speed of travel which
has been attained with this construction is
the fact that the propellers are mounted ex-
terior of the hull and rotated by direct-
drive; it having been experienced that in-
direct drive (such as employed in the Hewitt
and Forlanini structures referred to), when.
the engines or motors are carried in the hull

and their power transmitted to the pre- -

Eellers, is much less efficient. Furthermore,
y mounting the motors exterior of the hull,
danger from fire is lessened and the spaece in
the hull can be utilized for other important
purposes. In addition, the mounting of the
motors substantially abeve. the hydrofoil
sets, which constitute the:supports during
normal operation, is justified and fortified
by the technical considerations that-thereby
the weight and strains are applied to the
frame at the. most advantageous points.

A further object .of the invention is to
eliminate vertical or porpoise-like oscilla-
tions of the boat and to insune a smooth and
even movement of the craft when supported
on the hydrofoils. This has been effected by
inclining the hydrofoil blades of the main or
forward hydrofoil sets and preferably also
the blades of the steering set, as heretofore
stated, obliquely upward in the lateral di-
rection so that the upper lateral extremity
of a lower blade intersects.a horizontal plane
passing through the lower lateral extremity
of the next higher blade. With a construc-
tion of this type it has been experienced that,
at high speeds of sixty miles per hour and
upwards, the forward movement of the
craft is even and comfortable even when
passing over a surface broken by high waves.

With
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Other objects and advantages, dealing
with the coustruction and moumnting of the
hull, the hydrefoil sets, and other parts of
the device will hereinafter appear.

The invention will be better understood
by reference to the accompanying drawings,
iHustrating: one expression of the inventive

‘idea. and wherein—

Figures 1 and 1* are a plan view of a de-
vice embodying the invention;

Figures 2 and 2* are a side view;

Figure 3 is a front elevation;

Figure 4 is a detail perspective showing
the rear or steering set of hydrofoils; and

Figure 5 is a detail showing the construc-
tion of the hull.

Referring to the drawings, wherein like
reference numerals indicate like parts, 10 in-
dicates the main central float structure qr
hull, 11 indicates a beam or girder extend-
ing through the hull and carrying same
when planing; 12 and 13 indicate a pair of
substantially horizontal deck structures ex-
tending from each side of said hull; 14 and
15 indicate hydrofail sets projecting down-
wardly into the water from saild beam or
girder; 16 and 17 indicate a pair of motor
casings one mounted on each end of said
beamn; and 18 indieates a third hydrafoil
set mounted on a vertical axis in the medial
line of the structure and to the rear of said
first-named sets. This hydrofoil set 18 is
utilized for steering and disposes of the ne-
cessity of a rudder.

The hull 10 is of an elongated cylindri-
cal shape with tapering ends and its great-
est diameter is preferably approximately
one-tenth of its length. Tt is provided with
the usual cock-pit for the accommedation
of the crew, and also provides storage space
for supplies and the accessories employed in
such craft. Mounted on decks 12 and 13 are
uprights 20, 20* and 20 that suppert the
motor casings 16 and 17. The beam or
girder 11 passes through the hull and the
decks 12 .and 13, Braces 22 extend from

- each casing from the upper ends of the up-

rights 20, 20® and 20, and braces 22* extend
from the lower ends of said uprights to the
hull. A brace 23 extends forwardly and
downwardly from each casing to a point
above the beam or girder 11 and a trans-
verse brace 23* extends from this point to
the hull. The uprights 20 are connected by
cross members 20° and the motors 16 and 17
are united by cross-pieces 24. The latter
are preferably braced by uprights 24*. These
various members complete a truss construc-
f}io;i that connects the hydrofoil sets and the
ull. -

The main hydrofoil sets 14 and 15, as
heretofore stated, are mounted on said beam
or girder 11 and extend downwardly there-
from. It is sometimes desired to employ a
plurality of said truss connections, and as
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here shown an additional beam or girder
11> forms the base of a second truss con-
struction, the other elements of which are
above set forth.

A preventer set or sets of hydrofoils are
prefera bly suitably mounted at or near the
bow of the craft, as more fully set forth
hereinafter. In the present embodiment of
the inventive idea, a preventer set 25 is piv-
oted on the hull at 252,

Horizontal floats or pontoons 26 and 27
are positioned on either side of the main
hull. These pontoons carry but little weight
and rest lightly on the water when the craft
is in itg position of rest and before high
speed has been attained, and by their offset
position they serve pxincipally to stabilize
the floating craft. They are secured in po-
sition by any desired means, being connected
in the embodiment illustrated to the mar-
ginal extremities of the decks 12 and 13.

The decks 12 and 13 may have a cambered

top and substantially flat bottoms to form:

aerofoils, if desired; and are preferably
made as small as convenient to minimize
the retarding action that is caused by the
slapping of the waves when the craft is
travelling on its hydrofoils through rough
water. The combined structure of the hull
pontoons and decks is designed to offer as
little resistance as is posmble to the pro-
pulsion of the craft through the air when
riding on the hydrofoils. Tt t may be stated
here that all parts of the craft, where it is
practical to do so, are given stream-line
formations to lessen air- resmtance as much
as.is possible when the craft is under way,
and -that all transverse members, such as
20° and 24, are preferably shaped to con-
stitute aerofoil surfaces.

The planing surfaces that travel through
the water to elevate the craft are preferably
embodied in three sets of superposed hydro-
{oils, as heretofore stated. ~ This tripod ar-

rangement has been found to be the most

’ satisfactory as 1t does not have the twisting

(13
[4
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action to the same extent as does the four-
point system of support.

Mounted on each end of the beam or
girder 11 is a series of downwardly project-
ing struts 28 of comparatively thin metal

al'mnom edgewise in the direction of the-

travel of the craft. The opposite sides of
each strut are cambered to offer as little re-
sistance as possible to the passage of the
strut through the water or air during the
progress of the craft. These struts are so
mounted that the lower extremities thereof
are slightly in advance of a vertical plane
passing through the center of the support-
mg beam 11, the resultant tendency of the
hyrlro foil set being therefore to move for-
ward rather than backward.  This is due
to the fact that the lift on the blades is
greater than the drift, this forward and up-

8

ward tendency neutralizing the backward
tendency, thus relieving the strut of all
strain.
to the beam by a clamping collar 29, the
connection being such that the vertical axial
line. of the strut is eccentric to and in .ad-
vance .of the horizontal axis of the beam.
Bach strut is held against fore and aft
movement by a series of braces, the braces

30 extending forwardly and connected  to

the pontoons being compression members
and the braces 31 extending rearwardly and
connected to the pontoons being tension
members.  Similar tension braces 32 ex-
tend rearwardly from the struts of the pre-
venter set to the hull.

Extending across the series of struts 28
is a series of superposed substantially par-
allel hydrofoils or planing blades 33 pref-
erably increasing mdmhy in length from
the lowermost to the uppermost.

The term “superposed” is herein meant
to cover any arrangement of the biades in
different horizontal planes whether they arve
directly above one another or offset in dif-
ferent vertical planes. Preferably, also, the
upper blades have the same width and the
lower blades have a less width, with the
lower three blades spaced somewhat closer
together than the remaining upper ones.

The hydrofoils and struts are preferably
formed of high grade steel ground to shape
and all ave pr@te %bly welded together to
form o unitary whole. Tach hydlofoﬂ has
a substantially flat under surface and a cam-
bered upper sunface, which forma,tion has
been found to be most eflicient in planing
effect. Also each hydrofoil is slightly in-
clined upward toward its front edoe to give
the required upward thrust, the anﬂlg of
mcidence being determined by the load and
speed factors.  Iach hydrofoil is theml‘y
inclined obliquely upwards from thu vertl-
cal axial plane of the hull about 5° from
the horizontal so that the downwmd thrust

£ the blade will be directed outwardly to
some extent from said plane. Furthermore,
this lateral inclination will cause the hydro—
foil to leave and enter the water obliguely,
and thereby avoid the shock or vertical os-
cillation produced when a horizontal blade
ag a- whole suddenly enters and leaves the
water,  Also the lower three hvdrofoils ave
so arranged and spaced that the lower end
of an upper blade 1mpinges the same hori-
zontal plane (see A—DB, Iig. 8) that passes
through the upper end of the blade next
below. 1In consequence of this vertical over-
lapning there is a continuity of action be-
tween the two blades; that is, the over-
lapping ends simultaneously enter and leave
the water and thereby avoid the shock that
would occur should there be an interval be-
tween the action of the two blades in en-
tering and leaving the water,

Preferably, each strut is secured:
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-The sets of hydrofoils positioned on the
ends of the beam 11 are duplicates of each
other. The corresponding laterally inclined
hydrofoils of the two sets, if continued in-
wardly, would intersect to form a shallow

obtuse dihedral angle of but a few degrees-

—about 10°—less than a straight angle.
This slight obliquity of the opposite hydro-
foils in the two sets, taken in connection
with their offset from the main hull, has
been found to be sufficient to effect an in-
ward thrust that imparts great stability to
the craft, particularly when it is travelling
at a high rate of speed and is riding on its
lower or lowermost hydrofoils.

The beams 11 and 112 preferably have a
length equal to little more than one-fourth
the length of the main hull and cross the
main hull about one-fourth of the hull’s
length from the bow. These beams carry
considerably more than two-thirds of the
total weight of the craft and transmit this
load to the two attached sets of hydrofoils
when the latter carry the craft above the
surface of the water.

In order to get the craft under way with
the minimum of resistance, the struts 28
are preferably mounted on beam 11 so that
they may be readily swung by any suit-
able means, as a worm and gear connection
(not shown) to a vertical position, thus mov-
ing the hydrofoils from a positive angle
of incidence to a zero angle. As the speed
of the craft picks up, the struts are swung
forward, moving the hydrofoils to the de-
sired angle of incidence, and the struts fixed
in this position.

On the stern of the hull is mounted the
third set of hydrofoils 18 that cooperate
with the two beam sets to elevate the pro-
pelled craft above the surface of the water.
This third set of hydrofoils is also utilized
for steering purposes. Preferably, a frame
34 1s pivoted to the stern of the hull, a short
distance from its extremity, by the pin 34"
This pivot is in front of the center of pres-
sure of said set so that the latter will auto-
matically assume a neutral position. The
hull projects through the frame and the lat-
ter is somewhat extended laterally to per-
mit the turning of the frame on its pivot for
steering purposes. The vertical sides of the
frame extend downward to form the struts
35, Inclined struts 36 are also provided and
these diverge outwardly toward their lower
ends. These struts 35 and 36 carry a series
of parallel hydrofoils or planing blades 37,
and preferably two additional duplicate sets
37* and 37" spaced beneath the lateral mar-
ginal extremities of blades 37. The hydro-
foils of each set preferably increase in length
from the lowermost to the uppermost, and the
blades 37* and 37 preferably have less width
than the upper blades 37. The struts and
the horizontal members of the frame are

1,410,874

cambered on appostte sides to present as lit-
tle resistance. as possible to the water
through which they are edgewise propeiled.
The struts have considerable. fore and aft
area to provide lateral thrust for steering.
These hydrofeils preferably have flat under
surfaces and cambered upper surfaces to
obtain the maximum planing effect, and they
ave imclined upwardly toward their front
edges to give the required upward thrust in
the planing action. The hydrofoils 37* and
3%, which are preferably employed, have a
lateral upward inclination about 10° from
the horizantal, which is greater than in the
beam sets, so that the obtuse dihedral angle
that would be formed by the continuation of
the corresponding blades in the opposite sets
would be considerably less, abeut 20°, than
a straight angle.

As the hydrofoils 37* and 37" of the stern
set have comsiderably less area than those

70
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of the beam sets and are positioned much -

closer together than are the beam sets, if
the lateral inclination of the hydrofoils was
the same as in the beam sets, their stabiliz-
ing effect would not be proportionally suf-
ficient. To offset this, the lateral imclina-
tion of the stern hydrofoils is increased to
give a greater outward thrust per unit of
surface and with a resulting increase in the
stabilizing effect. This upward inclination
of the stern hydrofoils also gives a lateral
resistance in both directions that is uti-
lized in steering. The frame 33 is provided
with the usual yoke-lines 38 leading to the
cock-pit.

At the bow of the mail hull is mounted the
preventer set of hydrofoils 25, as heretofore
described. ~If desired, a plurality of pre-
venter sets might be employed. The hydro-
foil blades are of any suitable number, pref-
erably with the lowest two of less area, being
narrower, than the upper members.  These
blades and struts are formed of the same
material and are shaped as in the other sets;
and are preferably interspaced with the
blades of the main sets so as to make the
vertical movements of the craft smoother
and easier. The principal purpose of these
preventer sets is to prevent diving after
the craft reaches its highest elevation, the
preventer set then travelling clear of the
water. Before the craft reaches its extreme
elevation, the blades of the preventer sets,
being more or less immersed, have a plan-
ing effect to assist in the elevation of the
craft. After the craft has reached its high-
est elevation, should it tend to dive or
plunge, the Dblades of the preventer sets
would submerge more or less and thereby
offset or dampen the diving or plunging
tendency.

In the present embodiment of the inven-
tive idea, the craft is driven by air-pro-
pellers 39 mounted on opposite sides of the
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main hull and exterior thereto. Kach pro-
peller is carried by one of the shafts of the
motor unit, either the crank shaft or a shaft
geared thereto in the unit. Any desired
number of motors may be employed. A
speed of more than 70 miles per hour has
been attained with a 60 foot structure
weighing 10,000 pounds and employing two
low-pressure Liberty motors such as herein
As heretofore described, these
motor casings 16 and 17 are supported by
the beams or girders 11 and 11%, uprights 20
and braces 22 and 23, constituting truss con-
structions that hold the motors and their as-
sociated parts rigidly and firmly in place.
These motor casings are preferably shaped
to interpose the minimum air resistance.

In this connection, attention is directed
to the relative positions of the air-propellers
and motors and the beam sets of hydrofoils.
The normal center of gravity of the craft is
almost directly below said. air-propellers

and, as the beam sets of hydrofoils are but a

short distance in advance of the center of
gravity, they are in a position to carry most
of the dead weight when the craft is under
way and elevated by the hydrofoils. As the
air-propellers are mounted a considerable dis-
tance above the horizontal plane of the
lowermost hydrofoils of the three sets, their
line of thrust is similarly elevated. When
said air-propellers are driven at their maxi-
mum speed and the craft is travelling on the
lowermost hydrofoils, then the propelling
effort is directed to a point between the nor-
mal center. of gravity and the transverse
plane of the two beam sets of hydrofoils, As
the beam sets of hydrofoils are situated but
a short distance in advance of the normal
center of gravity and the center of propul-
sive effect, they are most effectively posi-
tioned to carry the load formed by the dead
weight and the propelling thrust and to per-
form at the same time their planing func-
tion. -

The supports and braces are formed of
wood or metal of stream-line section so as to
offer as little resistance as possible to the air
during the forward movement of the craft.
The deck and other substantially horizontal
members preferably constitute aerofoils and
act as dampeners to sudden vertical move-
ments of the craft when travelling in dis-
turbed water, the horizontal surfaces cushion-
ing on the air acting to absorb the shock of
wave-impact on the hydrofoils. = ,

The main hull 10 of the craft not only
serves the usual purpose of providing flota-
tion, giving accommodation to the crew and

providing storage room for the accessories,

fuel and other supplies, but also constitutes
a longitudinal connection between the trans-
verse truss 11, carrying the beam hydrofoils,
and the frame of the stern hydrofoils. To
constitute .such a . connection or {rame,

the hull must have sufficient longitudinal
strength and stiffness to form an eflicient
bridge to withstand the strain and to sup-
port the load when the hull is elevated above
the surface of the water by the planing ac-
tion of the hydrofoils. In one form which
has been found efficient (Fig. 5), the hull is
built around a plurality of transverse bulk-
heads 42, several of which are preferably
watertight. Fore and aft stringers 43 are
notched into the bulkheads and avound these
stringers are spirally wound timbers 44 in as
long lengths as possible, and where joints are
necessaty the connection is preferably made
by long scarfs. Planking 45 is laid fore and
aft on the timbers 44. Outside the plank-
ing a series of steel wires 46 is laid fore and
aft and preferably embedded in the plank-
ing to resist bending. In order to vesist tor-
sional stresses caused by any tendency of the
hull to twist in a seaway, two sets of steel
wires 47 are spirally wound, one set in one

~direction and the other set in the opposite

direction. These rods and wires are placed
under tension to stiffen the hull as much as
possible. The outside skin of the hull is
preferably of canvas 48 laid in marine glue
and wrapped . in a spiral direction opposite
to that of the timbers 44. In this way a hull
is' produced with the required strength and
stiffness and can be given sufficient displace-
ment for flotation and capacity purposes
without excessive weight. The pontoons 26
and 27 are preferably of similar construc-
tion, but of lighter material, as they are in-
tended to carry but little weight on flotation,
their principal purpose heing to float lightly
on the water to balance the craft when at
rest. '

The operation of the device is as follows:

When the craft is at rest, it is supported
by flotation, the hull floating upon the sur-
face of the water with the several sets of
superposed hydrofoils extending downward
below the level of the keel. As the craft
begins to move forward through the water
under the thrust of the propellers, the hydro-
foils begin to exert a lift, the force of which
increases with the gain in velocity of the
craft and results in the hydrofoils them-
selves successively leaving the water until, at
the highest velocity attainable, only the

lowermost ‘ hydrofoil of each set is sub-

merged. . :
In the beginning of the forward movement

_of the craft, the submerged hydrofoils of the

bow preventer sets aid to some extent in the
elevation of the hull, but when the maxi-
mum._elevation is reached the preventer sets
are clear of the water and have no further
effect in the lifting operation. o
When the hull reachesits maximum eleva-

_tion, it is carried by the lowermost hydrofoil

in each of the two beam sets and in the two
stern sets 37 and 37", and considerably more

&
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than two-thirds of the load is carried by the
lowermost hydrofoil in each of the two beam
sets.

The utilization of the stern sets of hydro-
foils for steering purposes is an important
feature. As has been stated, the two stern
sets 37* and 37" are carried by a frame piv-
oted to the stern of the craft to be operated
by steering lines from the cock - pit. The
longitudinal width of the struts ard the in-
clination of the hydrofoils afford sufficient
lateral area for steering purposes. As the
boat is turned, especially when travelling at
high speed, there is a strong tendency to
heel outwardly, due to centrifugal force, but
with a setting of the hydrofoils as herein
shown this action can be balanced by the in-
wardly heeling effect of the steering set, thus
permitting sharp turns to be made at high
speed—a most important consideration. As
heretofore stated, with the dihedral arrange-
ment of the blades on the water, the reaction
is directed to a point above the center of
%lzessure (see dotted lines C—D and E—D,

1‘%‘,’}%), thus preventing outward listing.

While, for the sake of clearness, one ex-
pression of the inventive idea has beén here-
in described and illustrated in considerable
detail, it is to be understood that the inven-
tion is not limited thereto, but that the in-
ventive idea is susceptible of various éxpres-
sions within the scope of the appended
claims. For example, while the invéntion
has only been illustrated and described in
connection with a craft which is supported
only by the hydrofoil sets when travelling at
hig s%eed, it is to be particularly borne in
mind that the invention may be used in con-
nection with aeroplanes or other flying ma-

_chines, and that the claims hereto appended

are to be interpreted as covering the use of
the invention with such devices. Further,
while the preferred construction of the steer-
ing set has been illustrated and. described in
detail, certain of the broader claims are not
limited to this particular construction.

‘What is claimed is:—

1. In a device of the character described,
the combination of a float structure, a truss
construction supporting said float structure,
the base of saig truss passing through said
float structure, a hydrofoil set projecting
downwards from each end of said truss and
a motor supported on each end of said truss
and substantially above said hydrofoil sets.

_ 2. In a device of the character déscribed, a
float structure, a pluralify of hydrofoil sets
projecting downward therefrom and sup-
porting said structure du’:i#g e planing
action, one of said hydrofeil sets being
mounted to turn on a vertical axis,

3. Ina device of the charadter ﬁqscfibéd,_a
float structure, a plurality of hydrofoil sats
projecting . govgnwa’rd theréefrom and sup-
porting said structure during thé planing
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action, one of said hydrofoil sets being
mounted on a vertical axis said axis being in
front of the center of pressure of said set
whereby said set will automatically assume a
neutral position.

4. In a device of the character described. a
float structure, a plurality of hydrofoil sets
projecting downward therefrom and sup-
porting said structure during the planing
action, one of said hydrofoil sets being
mounted on a vertical axis and comprising a
plarality of substantially vertical struts and
a plurality of substantially horizontal blades
or surfaces, and means for turning said set
on its axis.

5. In a device of the character described,

the combination of a downwardly projecting
hydrofoil set, a motor mounted over said
hydrofoil set, and an air-propeller driven by
said motor. _
6. In a device of the character described,
the combination of a plurality of down-
wardly projecting hydrofoil sets, one on each
side of the medial line of the structure, a
motor over each hydrofoil set, and an air-
propeller driven by each motor. ,

7. In a device of the character described,
the combination of a pair of hydrofoil sets
mounted one on each side of the medial fore
and aft line of the structure, and a hydrofoil
set mounted to turn on a vertical axis in the

"medial line of the structure and to the rear

of said first-named sets.

8. In a device of the character described,
the combination of a pair of hydrofoil sets
mounted one on each side of the medial line
of the structure, a motor mounted over each
of said hydrofoil sets, two air-propellers one
driven by each motor, and a hydrofoil set
mounted on a vertical axis in the miedial line
of the structure, and to the rear of said fivst-
mentioned hydrofoil sets. .

9. Tn a device of the character described,
the combination of a support, a métor
mounted thereon, an air-propeller driven by
said motor, a hydrofoil set projecting down-
ward from said support in the angle between
a vertical line passing through the center of

gravity of the motor and the line of thrust
of the motor. o '
10. In a device 6f the character described,
the combination of a float structure, hyvdro-
foil sets projecting downwardly therefrom
into the water, a vertical support mounted
exteriorly of said structure and ¢omprising
vertical and horizontal members, satd- hori-
zontal members being arraitged at a positive
angle of incidence, a motor mounted on said
support, and a propelter moutited directty on
thé motor shaft. N ) '
11, In a dévice of the charatter deseribed,
?‘:;e ¢ombinttion of a flont structutre, hydro-

oil séts. pn%]eétnig downwardly into the wa-
ter, a plurality of vertical s‘uﬁo’ﬁs rrourted |
dgteriorly of i float striicbare and gym-
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metrically arranged with respect thereto and
each being arranged over a corresponding

hydrofoi] bet said supports comprising ver-
tical and horizontal members, - a motor
mounted on each of said supports, and a
propellerr mounted directly on. each motor
shaft. :

12. In a device of the character described,
the combination of a float structure, hydro-
foil sets projecting downwardly into the
water, a plurality of vertical supports
mounted exteriorly of said float structure
and symmetrically arranged with respect
thereto, a nictor mounted on each of said
supports, a propeller mounted directly on
each motor shaft, and a plurality of mem-
bers connecting said supports and arranget
at a positive angle of incidence.

13. In a device of the character described,
the combination of a float structive comipris-
ing a hull and a deck projecting laterally
from both sides of said hull, hydrofml sets
projecting downwardly into the water, a
plurality of vertical supports mounted
exteriorly of said hull and symmetrically
arranged with respect thereto and each being

~arranged over a corresponding hydrofoil

set, said supports comprising vertical and
horizontal members, a motor mounted or
each of said supports, and a propeller
mounted directly on each motor shaft, said
deck being arranged at a positive ¢Ln()le of
incidence and const1tut1no an aero surface.

14. In a device of the chzu acter described,
the combination of a supporting structure,
a hydrofoil set projecting downwardly from

said structure and comprising vertical strat

members and hydrofoils having a positive
angle of incidence, and a compression mem-
ber extending forwardly hom ‘;atd set to
said structure,

15. In a device of the character described,
the combination of a supporting structure, a
hydrofoil set projecting downwardly fr om
said structure and (,ompll sing vertical strut
and hydrofoils having a positive
angle of incidence, and a compression mem-
ber extending fO"WU"CHV from said set to
said structure and a tension member extend-
ing rearwardly from said set to sald strue-
ture. ‘ ' :

16. In 2 device of the character described,
the combination of a supporting structure, a
rigid horizental member extending there-
through a hydrofoil set connected to said
member and comprising vevtical strut mem-
bers and hydrofoils having a positive angle
of incidence, the lower ends of said struts
being positioned slightly forward of gaid
point of connection whereby there is created
a resultant tendency of the hydrofoil set to
move forward rather than backward, and a
compression member extending forwardly
from said set to said structure.

17. In a device of the character described,

7

the combination of a supportmo structure,
a rigid horizontal member extending there-
through, a hydrofeil set cornected to said
member and comprising vertical strut mem-
bers and hydrofoils h(wmg a posm\c angle
of incidence, the lower ends of said struts
being posnloned slightly forward of said
point ¢f connection w hemby there is croated
a resultant tendnncy of the hydro foil set to
move forwavd rather than backward, a com-
pression member extending forwardly from
said set to said structure, and a tension meni-
ber extending 10(Lrwaldlv from said set to
said structure.

18. In a device of the character described,
the combination of a float structure, a pln-
rality of hydrofoil sets projecting down-
wardly into the water from said structure
and each comprising a plurality of vertical
strut members and a plurality of hydirofeils
connected to said struts, a pivotal mounting
for one of said sets, and means for *mumw
sald set on 1ts pivot for steering pmpmes

19. In a hydrofoil set, the combination of
a plurality of substantially horizontal super-
posed hydrofoils, substantially vertical struts
to which said hydl ofoils are connected. and
additional superposed hydrofoils beneath

said parallel hydrofoils and inchined in the
Iateral direction obliquely upwards.

20. In a hydrofoil set, the combination of
a plurality of substant nlly horizontal wuper-
posed hydrofoils, substantially vertical struts
to which said hydrofeils are connected, and
additional superposed hydrofoils arranged
beneath said horizontal hydrofoeils and con-
nected Lo said struts under the marginal ex-
tremities of said horizontal hydro‘m]q and
mchned in the lateral direction obliquely
npwards.

21. In a hydrofoil get, the combination of
a plurality of substantially horizontal super-
posed hydrofoils, Sm/%*tantmﬂv vertical stiruts
to which said hydrofoils are (:on’lected, and
additional superposed hydrofoils  beneath
said parallel hydrofoils and inclined in the
lateral direction obliquely upwards, and
means for turning said set aronnd a vertical
axis.

22. In a hydrofoeil set, the combination of

a plurality of substantially horizontal su-
perposed hydrofoils, substantially vertical
strats to which said hvdrofoeils ave con-
nected, and additional superposed hydrofoils
arranged beneath said horizontal hvdrofeils
and connected to said strufs under the mar-
ginal extremities of said horizontal hydro-
foils and inclined in the lateral dne('h(m
obliquely npwards, and means for turning
sald set around a vertical axis.

In a device of the character described,
a %tcermor mechanism or rudder compmsmw
substantml]v vertical strut members, super-
posed hydrofoﬂs connected thereto and in-
clined in the lateral direction obliquely up-
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wards, and means for turning said rudder
about a vertical axis.

24. In a device of the character described,
a steering mechanism or rudder comprising
substantiaily vertical strut members, two
sets of superposed hydrofoils connected
thereto one set being arranged on each side
of the medial fore and aft line of the craft,
the blades in each set being inclined in the
lateral direction obliquely upwards, and
means for turning said rudder about a ver-
tical axis.

25. In a device of the character described,
a steering mechanism or rudder comprising
substantially vertical strut members, two
sets of superposed hydrofoils connected
thereto one set being arranged on each side
of the medial fore and aft line of the craft,
the blades in each set being inclined in the
lateral direction obliquely upwards with the
upper ends of the under blades intersecting
a horizontal plane passing through the lower
end of the blade next above, and means for
turning said rudder about a vertical axis.

26. In a device of the character described,
the combination of a supporting truss, a
hull carried by said truss, hydrofoil sets
projecting downwardly therefrom on each
side of said hull, and an additional set of
hydrofoils mounted in front of said first-
mentioned sets, the blades of said additional
set being interspaced with these associated
sets.

27. In a device of the character described,

5 the combination of a supporting structure,

a hydrofoil set projecting downwardly from
said structure and comprising a vertical
strut member and hydrofoil blades carried
thereby, the Jower end of the strut being po-
sitioned forward of the point of connection
with said structure, and a compression mem-
ber projecting forwardly from said strut.

28. In a device of the character described,
the combination of a supporting structure,
a hydrofoil set projecting downwardly from
said structure and comprising a vertical
strut member and hydrofoil blades carried
thereby, the lower end of the strut being
positioned forward of the point of connec-
tion with said structure, and a tension mem-
ber projecting rearward from said strut.

29. In a device of the character described,
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the combination of a supporting structure,
a hydrofoil set projecting downwardly from
said structure and comprising ‘a vertical
strut. member and hydrofoil blades carried
thereby, the lower end of the strut being po-
sitioned forward of the point of connection
with said structure, a compression member
projecting forwardly from said strut, and
a tension member projecting rearwardly
from said strut.

30. In a device of the character described,
a float structure, a plurality of hydrofoil
sets supporting said structure during the
planing action, one of said hydrofoil sets be-
ing mounted on a vertical axis and compris-
Ing a plurality of substantially horizontal
blades or surfaces, and means for turning
said set on its axis.

31. In a device of the character described,
the -combination of a float structure, a plu-
rality of hydrofoil sets each comprising a
vertical strut member and a plurality of
hydrofoils connected to said strut, a piv-
otal mounting for one of said sets, and
means for turning said set on its pivot for
steering purposes.

32. In a device of the character described,
the combination of a supporting truss, a
hull carried by said truss, forward hydro-
foils projecting downwardly therefrom on
each side of said hull, a short set of hydro-
foils mounted in front of said first-men-
tioned sets, and adapted to be above water
when the device is moving at high speed.

33. In a water craft, a rudder compris-
ing a hydrofoil set mounted on a vertical
axis. , -

34. In a device of the class described,
steering means comprising a plurality of
hydrofoil blades mounted on a vertical axis.

35. In a water craft, steering means -com-
prising a hydrofoil set mounted on a ver-
tical axis.

36. In a device of the class described,
steering means comprising a plurality of
hydrofoil blades mounted to turn on an
axis fixed in vertical position. :

In testimony whereof we have signed this
specification,

ALEXANDER GRAHAM BELI.
FREDERICK W. BALDWIN.
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