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2 Claims. 

This invention relates to a watercraft and more 
particularly to a craft having a rotor thereon 
Supported and secured externally of the hull. 

It is an object of my invention to provide a 
Watercraft wherein stabilization is effected by a 
rotating rotor supported externally of the hull in 
Such manner that the stabilizing forces available 
from the rotor are distributed over a substantial 
area of the hull and to spaced points, avoiding the 
imposition of severe localized stresses. It is a 
further object of my invention to provide means 
whereby wind energy is effectively utilized for the 
propulsion of a watercraft by means of a rotor, 
and to provide means whereby the craft embody 
ing such rotor adequately supports the same with 
out interference. It is a further object of my in 
vention to provide in a wind propelled craft a 
rotor capable of auto-rotation so supported that 
its plane of rotation may be changed with re 
Spect to the craft in accordance with the desires 
of the Operator and without interference with the 
Supporting structure. Additionally, my invention 
contemplates a craft so coordinated that the 
operators and passengers are protected from the 

5 rotating rotor irrespective of the angle to which 
the plane of rotation of the rotor is adjusted with 
respect to the craft, 
These and other objects and the advantages 

incident to my invention will become more ap 
parent from the following description and drew. 
ings illustrating the present preferred embodi 
ment of any invention in which, 

Figure E is a side elievation of a boat erodying 
any invention; 

Figure is a front elevation of the craft shown 
in Figure ; 

Figure I is a top plan view of the craft shown 
in Figures and ; 

Figure IV is a plan view of a preferred rotor 
blade; 

Figure W is an end elevation of the place show 
is grey; 

Figure W is a simple kinematic diagrain of the 
Erotions and forces involved in the pieroneror 
of atoerotation; 

gure W is a front elevation of a craft simi. 
lar to that shown in Figure I but embodying a 
different rotor; 

Figure Wis a sectional side view of a rotor 
hub, support therefor, and associated control 
mechanism 
Sigure X is a back view of a port of the 

assembly showra in Figure Wii; and 
Figures 6d X diagrariatically illustrate 

coatro Declagasars, 

(C. 14-39) 

Referring first to Figures I and II, there is 
shown a watercraft having a body 2, a mast 3, 
Supported thereby, a rotor 4 comprising a plu 
rality of blades 5 and 6 adapted for auto-rotation 
about an axis generally indicated at 7-5, fixed 
to the mast 3, and a handle 8 for turning the mast 
3 about its longtudinal axis to select a desired 
angle for the plane of rotation of the rotor A 
With respect to the body 2. A rudder 9 is pro 
vided to steer the craft. A lateral plane C in 
hibits leeway when the wind driving the craft is 
not directly astern. 

Figure III illustrates a top plan view of the 
craft shown in Figure . It will be noted that a 
suitably notched sector if retains the handle 8 
in any Selected position. 

Stays f2 attached to a coupling member 3 
hold the mast 3 against lateral displacement and 
resist the thrust of the rotor . The mast 3, rest 
ing upon a pin bearing 4 shown enlarged in 
Figure VII, is freely rotatable within the coupling 
member 3. Thus the stays 2 are effective at 
any angle of the plane of rotation of the rotor 3 
with respect to the body 2, but do not limit the 
angle to which such plane may be selected within 
the effective limits of the rotor for forward pro 
pulsion of the craft. 
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It will be noted that the rotor is tilted with 
respect to the Wertical. There are several iras 
portant advantages flowing from this arrange 
ment which contribute toward making the use of 
an 82to-rotating rotor practical on a wind pro 
pelled craft. There is provided, by this construe 

30 

tion, an unobstructed space immediately below 
the rotor axis 7, unoccupied by the rotor at any 
position of rotation irrespective of the angle of 
its plane of rotation with respect to the body 2. 
of the craft, This space free of the rotor would 
be generally conical if the mast 3 were rotatable 
through a complete circle. I prefer to imit the 
novernent of the mast 3 by Ineans of stops 3 
adjacent the ends of the sector whereby tile 
mast is rotatable only through an angle of about 
140 to 60 degrees with the center of the disk 
swept by the rotor always forwardi of the nest, 3. 
thus provide adequate space for the operator in 

a craft where the axis of the rotor is preferably 
relatively low, such as in a small boat, for the disk 
swept by the rotor does not intersect any space 
below the axis of the rotor, behind the mast, and 
inside the stays f2. This, in a small wind pro 
pelled boat, provides means of propilsioE in ore 
eficient than a conventional gail and at the same 
time frees the cockpit of all hazards of swirging 
boons, sprits and the like encountered with cog 
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ventional sail rigs. The arrangement, also per 
mits of efficient staying of the mast without limit 
ing the movement of the mast through the most 
eficiently usable angular motion. To my knowl 
edge, this is the first time there has been made 
available, a mast stayed against lateral motion in 
all directions in conjunction with an auto-rotat 
ing rotor for wind propelled crafts. A further 
and important advantage attending the tilting of 
the plane of the rotor with respect to the verti 
cal, is the fact that, as the craft heels to unsyn 
metrical sailing lines, the disk swept by the rotor 
becomes nearer to vertical plane so that the effec 
tiveness of the rotor is increased, since, tier all 
conditions of sailing excepting when the axis of 
the rotor is directed forward, the rotor disk is 
thereby turned more normal to the wind. A fur 
ther advantage is that the spindle being inclined 
upwardly from the horizontal, the rotor tends to 
lift the craft and to that extent tends to neutral 
ize the moment otherwise tending to nose the 
craft down Wardly, 

By taking advantage of the limit placed by the 
stops 5 upon the angle through which the mast 
may be turned, the rearward stays may be placed 
well outwardly and rearwardly with adequate 
clearances from the back of the rotor. Thus, 
notwithstanding the inherent hazard attending 
the use of a rapidly rotating rotor on Sinal size 
craft, I provide a rotor propelled craft which is 
safer than a conventional sailing rig i? that it is 
free of all dangers of jibing and of SWinging 
spars crossing the cockpit in coaling about, and 
in which the operator or passengers inside the 
stays are safe from all danger from the rotor. 

Figures IV and W illustrate diagrar matically 
a blade of my preferred type. The region A. ad 
jacent the tip is set at a slight positive angle of 
incidence with respect to the plane of "no-lift', 
the region C near the root of the blade, is Set at a 
negative angle of incidence with respect to the 
plane of no-lift of the blade, and the intermediate 
region 8 is set substantially at an intern ediate 
angle with respect to such plane. Sigure W ill 
lustrates diagrammatically the advantage flowing 
therefrom when auto-rotation exists. In Fig 
ure VI the tangential speed of the region A is 
represented by 2arraN, which, with the normal 
component of the wind velocity W, naakes a re 
Set windi velocity as shown Wa. The lift, La, 
drag De, and resultant force a produce rotative 
component Ca as shown. For the regios C, tow. 
ever, the tangential speed 2rrel is necessarily 
straller, bit, W is the same, so that the regitat, 
wind velocity We is different in angle 8 icia. Ericua, 
from We. By changing title angle of the ladie in 
the region C with respect to the plane of no-lift 
the angle of attack may be held inose nearly con 
stant for the whole blade, for it is clear that the 
angle of the wind (Wa and We) with respect to 
the plane of no-lift is equal to a angle whose 
tangent is the wind velocity W divided by the 
tangential velocity 2?rRN. By raintaining Suff 
cient negative angle of incidence at Regio2 C, i. 
grovide a rotor which is self starting, the negative 
portion acting as a wind-mill to rotate the rotor 
at low speeds. When sufficient rotational velocity 
has been reached the auto-rotating phenoxaeno). 
takes place. 

In Figure V, I have shown a craft siniiar to 
that shown in Figures , , and II, it provided 
with E, three laded rotox. have foast that the 
variations is effort, reguired to is time Rast 3, 
due to caesages in the gyroscopic 3.fect of 2, two 
lated rotor gay be objectio23ile in 3, iaige 

3,353,884. 
sized rotor. With a two bladed rotor the gyro 
Scopic resistance to turning the mast is a maxi 
nun when the blades are on a line 90 degrees 
displaced from the mast and is at a minimum 
when the blades are on a line making the least 
angle with the mast. By using at least three 
blades the difference in gyroscopic resistant to 
turning the mast is reduced to an unobjection 
able amount, and for large manually directed 
rotors, I recommend the use of poly-bladed 
rotors. 

Figures VII and IX show the mast, rotor spite 
dle and brake assembly. As shown, the mast 3 is 
preferably hollow to obtain the greatest momes at 
of inertia for the weight. A short, tube 8 welded 
to the mast 3, supports, with removable fasten 
ings i, a tube 8 welded to a plate 9 olted to 
a brake carrier plate 2G and to flange of spindle 
2. The carrier plate 20 carries brake shoes. 22. 
A main spar 23 and fairing 24 is supported by a 
bearing housing 25 to which is attached g. brake 
drun 26 and which is rotatable on bearings held 
by spindle 2. A lever 27 Supported by the car 
rier plate 2 and operating the brake shoes 32 is 
actuated by a cable 28 which is passed inside the 
tube 8 and thence downwardly through the nast; 
3 to a point 29 adjacent the base of the nast 
where it is passed outwardly through a hole, 
through a cle inping device 30, to an operating 
lever 3. Thus, the setting or holding of the 
brake is independent of the position of the Inas, 
3 with respect to the body of the craft. 
The coupling member 3, to which the stays 3 

are attached, is supported by a thrust bearing 32 
fixed longitudinally of the mast 3. 
A limiting device 33 prevents the handle 8 

from being lifted from the sector an ancut, 
sufficient to pass over the stops 5. 
As shown in Figures I, it and W, the tip per 

tions it are preferably separate fron the nais 
blade, and I prefer that they be renovable. The 
effect of renoving the tip portions is to man 
terially reduce the available thrust from a given 
wind velocity and plane of rotation with respect, 
thereto. The effect is also to materially reduce 
the gyroscopic resistance of the rotor by renoy 
ing portions of which are most remote from the 
axis of rotation. By making the tip portions re 
novable, provide a ready means of "reefling' 
and in String safe and manageable operating 
forces with high wind velocities. 

it fill be iderstood that the “tyist,' in tile 
placies aeed not be carried to the point where ke 
tip polis are disposed at a positive angle of iro 
cideiace to the plane of rotation of $he roto', it 
that the advantages of self starting characteris 
tics and more uniform angle of attack along the 
blade gay be achieved by starting with a regae, 
tive a gle at the root portion and "twisting' the 
blade to a more positive angle without resigg 
the tip portions actually positive as describati. 

It will be trifierstood that the renoys of the 
tip portions for the purpose of reducing tie 
size of the rotor is not necessary is neaths are 
provided for niinimizing or voiding the thrust, 
available from the tips, as by turning the same 
With respect to the blade to such angle that; ;18 
tip portions "stall'. Other reans, such for 8: 
annple as adjustable flaps may be employed for 
decreasing the effectiveness of the rotor. 

If desired, the path of the tips of the rotor Yay 
be disposed renote from the nast gy ' 
other that tilting the axis shot, which the 
rotates, gie method of accompiishing this sai:g 
to so dispose title blades of tie roto East, &her tie 
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along the surface of a cone, the apex of which 
lies in the axis of rotation of the rotor. This 
construction provides, as the construction herein 
before illustrated and described provides, that 
the rotor blades follow a path disposed at an 
acute angle to the vertical, providing adequate 
clearance for stays for the mast and supporting 
structure, and clearance for operators and pas 
Sengers about the mast in the region of the hull. 
The stabilizing effect available from the rotat 

ing rotor is useful in keeping the craft steady, 
but such stabilizing forces as are required in large 
craft are of considerable magnitude. The con 
struction described is, therefore, desirable inas 
much as the stabilizing forces are distributed to 
the hull through the stays, to spaced points on 
the hull. Accordingly, opportunity is afforded 
for the employment of rotating masses adequate 
to stabilize large craft, coupled with opportunity 
for distributing such forces conveniently in old 
or new construction and without the necessity of 
resorting to special internal construction in the 
hull. For purposes of stabilization, it is imma 
terial whether the rotor be wind driven or power 
driven, although for commercial use, a rotor capa 
ble of auto-rotation offers the advantage of great 
er economy both from the standpoint of power 
Supplied to rotate the stabilizing mass and from 
the standpoint of power contributed to the pro 
pulsion of the Craft at times when the wind is 
favorable. 
The advantages of rotating the mast are very 

material in the application of auto-rotating 
rotors to sailing craft. The windage offered by 
the mast is less than that offered by cage sup 
ports and since the strength of the mast must 
be sufficient to resist all torque incidental to the 
maneuvering of the craft, the weight aloft is 
least when the mast itself is effective for present 
ing the plane of rotation of the rotor at various 
angles with respect to the craft without the added 
weight" of "extraneous" means. In large craft 
where adequate ballast is available, other means 
may be practicable, but in small craft the use of 
a rotatable mast offers advantages which are ex 
tremely important from the standpoint of 
strength, simplicity, economy and stability. 
When the size of the rotor is such that direct 

manual turning of the mast becomes undesirable, 
a device such as shown in Figure 2 may be em 
ployed, in which a sector 36 of a worn gear is 
fastened to the mast 3 and is engaged by a worm 
35 arranged to be turned by a crani. 33 having 
a handle 3. This provides a slow and steady, 
but powerful, means for changing the angle ka 
tWee the rotor and the craft. As Will be des. 
stood, the worm 35 is fastened to the craft by 
means not shown. 

Figure XI illustrates an alternate means for 
turning the mast 3 in which a grooved wheel 38 
is secured to the nast 3 and is driven by a chain. 
or cable 39 passing around an appropriately 
shaped wheel or drum 46 to which the cable or 
chain is secured. he drun or sprocket & 
mounted on the craft may be turned by a crank 
& having a handle (32. The cable or chain 39 is 
secured to the wheel 38 at a point, 63. 
The brake is preferably so proportioned that 

the rotor is under control at all times and capable 
of being arrested if required to preserve the 
safety of the craft. 

thus provide a coordinated structure whereby 
the use of a rotor capable of auto-rotation is prace 
ticably applicable to creaft of all sizes. Warious 
supporting bodies inay be employed a 2 tie rotos 

is permissibly dimensioned for the naxinuin rea 
stilts. Without sacrificing the stability, safety or 
In aneuverability of the craft. 

further provide a stabilized craft in which 
passenger, cargo, or deck space is not sacrificed 6 
for making space available for a rotating stabiliz 
ing mass, and in which additional internal reen 
forcing and bracing is not required for distribu 
tion of the stabilizing stresses. 
This application is a continuation in part of 

my copending application Serial No. 738,219, filed 
August 3, 1934. 
While I have illustrated and described certain 

preferred embodiments of my invention, it will 
be understood that the invention may be other- 5 
wise embodied and peacticed within the scope of 
the following claims. 

claii: 
1. In a Watercraft, a hull, a nast, stays fixed 

adjacent the head of the mast and to said hull 20 
holding the last in a position vertical to said 
hull, and a rotor mounted on the top of the mast, 
the rotor being of such weight and proportions 
as to produce a gyroscopic effect Suficient to 
stabilize the craft. ES 

2. In a watercraft for propulsion by a rotor 
capable of auto-rotation, a hull, a rotor, a nast 
supporting said rotor above said hull, means ex 
tending from the upper region of the mast to 
points on said hull spaced from the base of the 30 
mast, and a spindle affixed to said mast at an 
angle to tilt the plane of rotation of said rotor 
Outwardly from the base of the nast an anourt 
sufficient that the rotor path is outside the se 
curing means, whereby said securing means not sis 
Only function as rigging but also as gards, the 
mast being rotatable with respect to said secur 
ing means and hull. 

3. In a watercraft for propulsion by a rotor 
capable of auto-rotation, a hull, a rotor, a mast 6 
supporting said rotor on said hull, rigging see 
cured to the mast and hull, a spindle affixed to 
said mast at an angle to tilt the plane of rota 
tion of Said rotor OutWardly from the base of the 
mast an amount sufficient that the rotor path gs 
is outside the rigging, the mast being rotatable 
with respect to said rigging and hull, a brake ef 
fective for arresting rotation of the rotor, and 
control means for the, brake disposed within the 
mast and within the means for attaching the rig. S. 
ging to the mast, whereby the mast is freely ro 
tatable without interference between the irotos, 
the rigging and the brake COXtrol nears, 

4, in a windi propelled craft for propulsion by a 
'otor capable of auto-rotation, a rotos having SS 
a, plurality of blades mounted for rotation, each 
of said blades having a root portion presenting 
a negative angle of incidence with respect to the 
plane of rotation, and a tip portiori having a 
more positive angle of incidence with respect :O f 
the plane of rotation, and an airfoil section joia 
ing the root and is portions, 

5. in a wind propelled craft for propulsion by 
a rotor capable of auto-rotation, a rotor with 
blades each having a portion disposes 3 s, 35 
negative argie of incidence and a gorio dis 
posed at a positive angle of incidence, there eding 
sufficient portion disposed at a negative angle 
of incidence that the rotor is self-starting and a 
least a part of the portion disposed at 8, posi- go 
tive angle of incidence being readily renovate 
for decreasing the size of the rotor, 

6. In a wind propelled craft to propsis: y 
a rotor capable of auto-rotation, a, Yoto. 3Wig 
removable portions equivalent in weight, and g is 
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fectiveness ir the region of the tips of eact of 
said blades, which portions are readily removable 
to decrease the size of the rotor while preserving 
its symmetry, whereby the rotor is balanced with 
the removable portions removed or attached, 

7. A craft according to claim 6 in which the 
rotor includes means for attaching the renov 
able tips to present a positive &ngle of incidence 
with respect to the plane of rotation, 

8. In a wind propelled craft for propulsion by 
a rotor capable of auto-rotation, a roto2 with 
blades each having a portion disposed at a nega 
tive angle of incidence with respect to the plaine 
of rotation thereof and a portion disposed at a 
more positive angle of incidence, there being 
sufficient portion disposed at a negative angle of 
incidence that the rotor is self-starting. 

9. A craft according to claim 2 including a 
vertical fin extending longitudinally tiereof and 
effective for inhibiting side-slip and a rotor have 
ing at least three blades. 

10. A craft according to claim 2 including 
means for adjustably securing the rotatabie mast, 
in desired positions whereby the rotor operates 
in One of a plurality of predetermined planes with 
respect to the hi. 

4: 
lunar swer'." 

li. In a wind propelled craft for propulsion by 
8, rotor capabie of auto-rotation, a rotor having 
removable portions equivalent in Weight and ef 
fectiveness, which portions are removable to de 
crease the size of the rotor while preserving its 
symmetry, whereby the rotor is balanced with the 
removable portions removed or attached. 

2. In a wind propelled craft, a rotor capable 
of auto-rotation, Ineens supporting said rotoi for 
rotation, controlling means for rotating the rotor 
support, initing aneans for said controlling 
reas, limiting the normal rotation of the rotor 
support to not more than about the angle in 
cluded forwardly of a plane which is normali to 
the longitudinal exis of the craft and which in 
cludes the axis of the rotating support for the 
rotor, a hull supporting the structure aforesaid, 
the disposition and the proportioning of the parts 
being such that in the region of the hall the path. 
of the rotor nearest the hul at any position of 
the rotor support is remote from a vertical life 
through the rotor support, whereby all possible 
paths of the rotor are clear of a substantial space 
in the region of the hull adjacent the rotor sup 
port. 

EDWARD BUREE WILFORZ, 
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