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(57) ABSTRACT 

A kite having a ?ying platform including a plurality of mill 
rotors, at least one tethering line maintaining the platform at 
a substantially ?xed geographical location, at least one 
dynamo on the platform drive connected to the mill rotors, 
and a conductor connecting the dynamo to an electrical 
transmission and supply system at ground level. The Wind 
mill kite has at least three substantially axially co-directed, 
spaced apart mill rotors disposed in an array Which is 
symmetrical in terms of thrust capacity about each of tWo 
orthogonal axes extending from the platform and being 
neutral in terms of torque capacity about a third orthogonal 
axes extending from the platform. 

6 Claims, 2 Drawing Sheets 



US 6,781,254 B2 

_ ‘Naomi 

U.S. Patent Aug. 24,2004 Sheet 1 of2 



U.S. Patent Aug. 24, 2004 Sheet 2 0f 2 US 6,781,254 B2 

N 0,3; 



US 6,781,254 B2 
1 

WINDMILL KITE 

FIELD OF THE INVENTION 

This invention relates to Windmills, that is to say appa 
ratus that include a Wind driven rotor and are used to convert 
the kinetic energy of the Wind into useful Work or other 
forms of energy. 
More particularly, the invention relates to such apparatus 

Wherein the rotor is incorporated in a kite, that is to say a 
tethered ?ying platform that may be supported entirely by its 
interaction With a Wind of appropriate strength. Apparatus of 
that kind is referred to as a Windmill kite herein. 

BACKGROUND OF THE INVENTION 

A Windmill kite comprising a high ?ying platform incor 
porating tWo Wind driven rotors, tWo dynamos mounted on 
the platform respectively driven by the rotors, three tensile 
tethering lines extending from the platform to ground level 
anchorages and conductive cables connecting the dynamos 
to a ground-based electricity transmission system or other 
electric load, has been previously proposed by the present 
inventor and others. 

The term “dynamo” is used in the preceding paragraph 
and hereinafter in its generic sense as a machine for con 
verting mechanical energy into electrical energy, or vice 
versa. The term designates a reversible machine; any 
dynamo may be used either as a generator or as a motor. 
Moreover, the term covers both AC and DC machines. 

The purpose of incorporating the Wind driven rotors in a 
kite is to enable them to be positioned at a high altitude 
Where relatively strong and continuous Winds may be 
expected to be found. 

Each Wind driven rotor (referred to simply as “a mill 
rotor” hereinafter) comprises a rotatable hub and a plurality 
of equi-angularly spaced blades extending radially from the 
hub. Preferably each blade is of aerofoil section and blade 
pitch control means are provided Whereby the angle of 
attack of the blades may be adjusted from time to time. 

Mill rotors are also reversible machines. On the one hand, 
Wind directed through the sWept area of the blades induces 
a continuous rotor torque, enabling the mill rotor to, for 
example, drive an associated dynamo as a generator. On the 
other hand, rotation of the mill rotor in still air by a dynamo 
acting as a motor induces a continuous air ?oW through the 
sWept area producing a thrust force, enabling the mill rotor 
to, for example, lift itself and the dynamo from the ground. 

That previously proposed Windmill kite Was described 
and evaluated in a paper entitled “Flying Electric Generator 
to Harness Jetstream Energy” delivered by the present 
inventor to the “Space 2000” Conference of the American 
Society of Civil Engineers held at Albuquerque USA in 
February—March 2000, and is presently available in the 
published proceedings of that Society at pp 1020—6. 

The Windmill kite described in that paper comprised an 
elongate ?ying platform including tWo outrigger mill rotors 
disposed symmetrically on each side of the longitudinal 
centre line of the platform. Each mill rotor Was connected by 
a geared drive-transmission connecting it to a dynamo 
carried by the platform. 

The ?ying platform, as illustrated in that paper, has a 
leading end and a trailing end relative to the direction of the 
Wind, With adjustable but essentially ?xed, preferably 
aerofoil, control surfaces at the ends of the platform. Those 
control surfaces are intended to ensure that the leading end 
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2 
of the platform is directed into the Wind and that a transverse 
axis extending through the centres of the mill rotors remains 
substantially horiZontal. Those control surfaces are also 
intended to ensure that the relative elevations of the ends of 
the platform are maintained so as to produce a substantially 
constant pitch angle for the platform as a Whole, at Which the 
Wind ?oWs obliquely against the undersides of the mill 
rotors. 

As described in that paper, under those circumstances a 
drag force acts upon the mill rotors and platform, and a 
thrust force having an upWard component and a torque are 
developed by each mill rotor. The upWard component of the 
thrust forces and drag forces are opposed by the Weight of 
the platform and the items carried by it and by tension in the 
tethering lines extending from the platform to ground level 
anchorages. 

Those anchorages include a Winch or Winches that enable 
the ?ying height of the platform to be adjusted as needed. 
The torque reactions from the mill rotors acting on the 

platform are cancelled out by ensuring that the mill rotors 
rotate in opposite directions. The generated torque is used to 
drive the dynamo or dynamos When operating in the gen 
erator mode. 

A major problem With that prior proposal arises from the 
fact that, even at high altitudes, Winds sometimes fail to 
bloW With suf?cient strength to enable those control surfaces 
to adequately stabilise the ?ying platform against variables 
such as Wind gusts or eddies. Thus, should the Wind fail, it 
has been necessary for the platform to be Winched doWn to 
prevent the tethering lines and/or conductive cables from 
becoming tangled, and, in a Worst case scenario, to prevent 
the platform from crashing. Winching the platform doWn 
and subsequently returning it to an operating altitude is a 
time consuming and expensive operation 

OBJECT OF THE INVENTION 

An object of the invention is to provide a Windmill kite for 
generating electrical poWer from Wind energy that over 
comes the previously found problem of platform stability at 
times of Weak or no Wind. 

Another object is to lessen the need to Winch the platform 
doWn at times of calm. 

SUMMARY OF THE INVENTION 

The invention achieves the ?rst mentioned object by 
dispensing With static, albeit adjustable, control surfaces; 

providing at least three strategically placed mill rotors; 
providing blade pitch control means to independently 

control the angle of attack of the blades of each of the 
mill rotors, to thereby stabilise the platform irrespective 
of Whether the dynamos are functioning as generators 
or as motors for the time being. 

The invention achieves the second mentioned object by 
enabling electric poWer to be delivered to the dynamos so 
that they may function as motors and drive the mill rotors for 
short periods to enable the platform to stay aloft. 

Therefore, according to one aspect, the invention consists 
in a Windmill kite of the kind comprising a ?ying platform 
including a plurality of mill rotors, at least one tethering line 
maintaining the platform at a substantially ?xed geographi 
cal location, at least one dynamo on the platform drive 
connected to said mill rotors, and conductor means connect 
ing said at least one dynamo to an electrical transmission and 
supply system at ground level, characterised in that; 

there are at least three substantially axially co-directed, 
spaced apart mill rotors disposed in an array Which is 
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symmetrical in terms of thrust capacity about each of 
tWo orthogonal axes, namely an X axis extending 
longitudinally of the platform, and a Y axis extending 
transversely of the platform, and is neutral in terms of 
torque capacity about a third orthogonal axis, namely a 
Z axis perpendicular to the X and Y axes; and 

in that blade pitch control means provide for adjustment 
of the angles of attack of the blades of the respective 
mill rotors, to thereby stabilise the platform in a desired 
attitude and orientation relative to the Wind direction. 

The symmetry of the array ensures that in normal steady 
state operating conditions there is no tendency for the 
platform to roll about the X axis, pitch about the Y axis or 
rotate about the Z axis. HoWever the individual adjustment 
of the mill rotors in respect of thrust and torque enables 
corrective pitch, roll and orientation movements to be 
induced to cancel adventitious variations. 

Preferably the origin of the three axes coincides With the 
centre of gravity of the platform as a Whole. 

Theoretically, the requisite symmetry of the array may be 
achieved by as feW as three mill rotors in the array, for 
example an array Wherein a mill rotor that has tWice the 
thrust and torque generating capacity of each of the others 
coincides With say the X axis and is spaced forWardly of the 
origin, and the others are equally spaced from the X axis in 
the Y axis direction and are spaced rearWardly of the origin 
to the same extent as the ?rst mentioned rotor is spaced 
forWardly thereof. 

HoWever, for the sake of simplicity it is preferred that all 
of the mill rotors be of equal Weight and capacity, in Which 
event there are at least four mill rotors in the array. Prefer 
ably the array is a square or rectangular, that is to say each 
mill rotor is positioned at a respective corner of a notional 
square or rectangle With its centre point coinciding With the 
origin of the X, Y and Z axes. In such arrangements it is also 
preferred that each mill rotor has an associated dynamo and 
is substantially co-axial thereWith. 

In large scale embodiments of the invention the ground 
level load Would be a sub-station of a ground-based elec 
tricity transmission or distribution system. In that event the 
Windmill kite may operate as a pollution free, base load 
generator, continuously feeding into the system, With more 
easily regulated fuel poWered or hydro stations contributing 
to the system at peak load times, and enabling the kite to 
draW poWer from the system When and if needed. Under 
those circumstances a plurality of geographically Widely 
spaced Windmill kites may be connected to the one ground 
transmission system to provide a reliable input for the 
system as a Whole. 

According to a second aspect, the invention consists in a 
method of stabilising the platform of a Windmill kite accord 
ing to the ?rst aspect of the invention by independently 
adjusting the angle of attack of the blades of the respective 
mill rotors in the said array. 

It is mentioned that the mill rotors of the arrays referred 
to above are essential for stability control, nevertheless there 
may be further, possibly non-adjustable, mill rotors in other 
embodiments of the invention, providing those further rotors 
are paired and designed to be thrust moment and torque 
neutral With respect to the relevant X, Y and Z axes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

By Way of example, tWo embodiments of the invention 
are described in more detail hereinafter With reference to the 
accompanying draWings. 

FIG. 1 is a diagrammatic isometric vieW of a Windmill 
kite according to the invention. 
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4 
FIG. 2 is a vieW similar to FIG. 1 of another Windmill kite 

according to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Both of the illustrated Windmill kites display a square, 
planar array of four substantially identical, axially parallel 
mill rotors, incorporated in a kite platform. In both instances 
the centers of the sets of rotating blades coincide With 
respective corners of a notional square de?ning the array. In 
other embodiments the square array may be replaced by a 
rectangular array. The tWo kites differ in their desired 
platform orientation With respect to the Wind direction, 
Which is indicated by the horiZontal arroWs W appearing in 
the respective ?gures. 
The orientation and attitude of the respective embodi 

ments may be described With reference to rectangular coor 
dinate axes X, Y and Z appearing in the ?gures. In each 
instance the X and Y axes lie in a plane including the centres 
of the four sets of rotor blades, and the Z axis is, of course, 
perpendicular to that plane. 

In both embodiments the kite comprises a platform frame 
carrying the four mill rotors. 

FIG. 1 illustrates an embodiment Wherein the platform 
frame comprises a cross, formed of tWo members, namely 
member 3, Which is parallel to the X axis, and member 4, 
Which is parallel to the Y axis. 

The kite is shoWn in the ?gure in the desired operating 
orientation and attitude Wherein the X axis, and therefore the 
member 3, is directed into the Wind at an upWard angle 6 to 
the horiZontal, and the Y axis, and therefore the member 4, 
is horiZontal. This ensures that the Wind impinges similarly 
on the undersides of all four mill rotors. 

The angle 6 may have a predetermined value or may be 
set depending on the Wind velocity at the time. 

Thus the FIG. 1 kite, When in the desired orientation may 
be regarded as facing the Wind and may be said to have a 
centre front mill rotor CF, a centre rear mill rotor CR, a left 
side mill rotor LS and a right side mill rotor RS. 

Each mill rotor comprises a plurality of rotatable aerofoil 
blades (indicated by the circles 5 de?ning the sWept areas) 
on a shaft extending from a nacelle 6 enclosing a gear box, 
a dynamo connected by that gear box to the shaft and a 
control mechanism Whereby the angle of attack of the rotor 
blades may be varied in response to control signals fed to the 
control mechanism. 
The directions of rotation of the respective mill rotors are 

indicated by the arroWs 7. 
Each mill rotor is conventional in that it is analogous to 

corresponding rotors of helicopters, except for the presence 
of the dynamo, and requires no further description herein. 
Similarly, the major operating and control equipments are 
freely available components or systems, or are modi?cations 
of such components or systems, the design of Which Would 
be Well Within the capability of appropriately skilled 
addressees. 

In the case of a helicopter the control signals may be 
originated by the pilot, Whereas according to the invention 
those signals are error signals generated by conventional 
gyro control mechanisms in consequence of deviations in 
the orientation and attitude of the platform from the desired 
position. Those deviations may be determined by reference 
to co-ordinates X and Y as established by tWo gyros, and a 
Wind vane or other sensor responsive to Wind direction. 
Brie?y stated, if the tilt angle of frame member 3 departs 
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from 6 then an X axis gyro generates an error signal 
indicative of the magnitude and direction of the departure. 
Similarly, if the frame member 4 departs from the horiZontal 
then a Y axis gyro generates a similar signal. If the platform 
as a Whole rotates about the Z axis then the angular deviation 
in the horiZontal plane of say the frame member 3 from the 
Wind direction established by the Wind vane results in an 
error signal indicative of that deviation. 

At times the Wind may drop to a velocity that is insuf? 
cient to ensure that the Wind vane or other sensor responsive 
to Wind direction is effective. Thus a back-up gyro may be 
controlled to cut-in at a predetermined loW Wind speed and 
take over from the Wind vane as a reference device until the 
Wind speed rises to the predetermined value. That back-up 
gyro is mounted about the Z axis and may be set either to 
establish a constant reference direction, corresponding With 
the prevailing Wind direction at the geographic location of 
the platform, or re-set When brought into operation to the 
then existing reference direction as indicated by the Wind 
vane or its equivalent sensor. 

The error signals are input to servo-mechanisms, Which 
produce corrective actions, as are described more fully 
beloW. 

In helicopters, particularly single rotor helicopters, it is 
Well knoWn to utilise cyclic pitch control to modify the 
thrust vector of a rotor to control the forWard movement and 
rise or fall of the aircraft. In that form of control the angles 
of attack of the individual blades are varied in a cyclic 
manner during each revolution of the rotor. While cyclic 
pitch control could conceivably be used to establish and 
maintain a kite platform in the desired attitude and 
orientation, it is inappropriate for use in Windmill kites to be 
used as electric poWer stations. This is because the repetitive 
stress cycles imposed by cyclic pitch control on the complex 
control mechanisms and the rotor structure, produces a 
fatigue life that is too short for use in a situation Where the 
apparatus is required to run unattended for long periods, if 
it is to be economic. 

Thus in accordance With the invention collective pitch 
control is utilised. That is to say, all of the blades of each mill 
rotor run With the same instantaneous angle of attack, but 
Which may be adjusted from time to time as needed for 
control purposes. Moreover, according to preferred embodi 
ments a modi?ed form of collective pitch control, Which 
may be termed differential collective pitch control, is 
employed. This concept implies control by tWo, spaced 
apart, mill rotors acting in concert, Wherein an adjustment of 
the angle of attack in respect of one of the mill rotors by an 
increment is effected simultaneously With an adjustment of 
the angle of attack in respect of the other mill rotor by a 
correspondingly effective decrement. Thus the overall mag 
nitude of the thrust force, for example, developed by the tWo 
mill rotors is unchanged by the adjustment; but, as the 
individual forces are changed and are spaced apart, a turning 
moment is applied to the platform as a Whole. 

Thus, by referring to FIG. 1 one can appreciate that 
correcting unWanted rolling of the platform (that is rotation 
about the X axis) may be effected by incrementally increas 
ing the thrust force developed by one of rotors RS and LS 
While simultaneously decrementally decreasing the thrust 
force developed by the other. Which of the pair Would be 
selected for an increase in thrust and Which for a decrease 
Would of course depend on the direction of the initial 
unWanted roll. 
On the other hand correcting for unWanted pitching of the 

platform (that is, rotation about the Y axis) Would be attained 
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6 
by similarly adjusting the thrust forces developed by the 
rotors CF and CR. 

As for correcting the orientation of the kite, it Will be 
noted that rotors CF and CR rotate in one direction and 
rotors RS and LS rotate in the opposite direction. Under 
steady state operating conditions, Wherein all rotors are 
developing equal magnitude torques, this ensures that the 
torque reactions on the platform are cancelled out. HoWever 
if adjustment of the orientation of the platform about the Z 
axis is required, incremental increase in the torque devel 
oped by, say, rotors CF and CR accompanied by decremental 
decrease of the torque developed by rotors LS and RS Will 
unbalance the torque reactions, Without altering overall 
thrust, so causing the platform to rotate about axis Z. Once 
again the choice as to Which pair of rotors are adjusted 
incrementally and Which pair are adjusted decrementally 
depends on the direction of the initial perturbation. When the 
dynamos are acting as motors, the adjustment required is in 
the opposite direction to that required When the dynamos are 
acting as generators. This requirement is incorporated into 
the programmable logic of control system. 

For all of the corrections the controlling servo-mechanism 
Would be appropriately damped to cause rapid decay of 
oscillating movement to each side of a Zero error position. 
Thus the original error is quickly corrected and the platform 
rapidly halts in the desired position. 

Preferably the tethering lines and the conductor means are 
physically combined into single cables 8. Each cable 8 
preferably extends from respective anchorages on the plat 
form positioned on the Y axis equidistantly from the origin 
and preferably higher than the centre of centre of gravity of 
the platform as a Whole, to Winch means at ground level 
enabling the kite to be reeled in or let out to adjust its altitude 
as may be needed. 

Each cable 8 may have a high-strength, pliable core, for 
example of Kevlar ?bres, surrounded by a conductive 
sheath, for example of braided aluminium ?laments. 

In the event that the kite produces a high voltage DC 
output, Which is preferred, at least tWo such cables are 
required. In the event that three-phase AC output is 
produced, three cables are required. Bare conductors are 
preferred With separation of the cables being relied upon to 
insulate them from each other. This may require Widely 
spaced Winches at the ground. It may also require Winches 
that are self-contained units, electrically isolated from each 
other and from the ground. 

Those last mentioned requirements may be avoided by the 
use of a single tensile tethering line in physical combination 
With tWo mutually insulated conductive strands. Alterna 
tively tWo cables such as cables 8 may be connected to a 
single tensile and conductive tethering cable at a junction 
box on or closely beloW the platform. 
As mentioned above, the kite is preferably connected to 

feed into a distribution system including other poWer 
sources. This enables the rotors to be driven by the dynamo 
or dynamos to lift the platform into position if need be, and 
to maintain it in position if the Wind fails for What may be 
forecast to be a relatively brief period. 
The kite illustrated by FIG. 2 is essentially the same in its 

individual components as that of FIG. 1 and need not be 
described in detail. Similar components are similarly num 
bered in the tWo ?gures. 

It Will be seen, hoWever that the notional square of the 
rotor array, is differently oriented With respect to the Wind 
direction. In this instance a side of the notional square rather 
than a corner faces the Wind. Thus the X axis extends 
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through the mid-points of tWo opposite sides of the square, 
the Y axis extends through the mid-points of the other tWo 
sides, and the Z axis extends, of course, through the inter 
section of the X and Y axes perpendicular to the plane of the 
notional square. 

Thus, in this instance, the four mill rotors of the control 
array may be referred to as the right front rotor RF, the left 
front rotor LF, the right rear rotor RR and the left rear rotor 
LR. This reorientation is achieved merely be rotating the kite 
platform of FIG. 1 by 45° about its Z axis in a clock-Wise 
direction, as seen from above, relative to the Wind direction. 

In this embodiment, to adjust pitch of the platform, the 
angles of attack of the blades of rotors LF or RF (or both of 
them) are incrementally adjusted and at the same time the 
blades of rotors LR or RR (or both of them) are decremen 
tally adjusted, or vice versa depending on the direction of the 
initial perturbation. 

Likewise for adjustment of roll, the blades of rotors LF or 
LR (or both of them) are adjusted in one direction and the 
blades of rotors RF or RR (or both of them) are adjusted in 
the opposite direction. 

To adjust orientation, the torque developed by rotors LF 
and RR may be incremented and that of rotors RF and LR 
decremented, or vice versa. 

It Will be appreciated that the square array of both of the 
illustrated embodiments may replaced by a rectangular array 
Without signi?cant change to the stabilising control mecha 
nisms of the invention as described above. 

It should also be mentioned that in all embodiments of the 
invention, the front mill rotors may be displaced in the Z axis 
direction relative to the rear mill rotors to a small extent, to 
thereby lessen possibly disadvantageous effects due to dis 
turbed air in the Washes from the front mill rotors impinging 
on the rear mill rotors. 

Although preferred embodiments of the invention have 
been disclosed herein in detail, it is to be understood that this 
is for the purpose of illustrating the invention, and should 
not be construed as necessarily limiting the scope of the 
invention since it is apparent that many changes can be made 
by those skilled in the art While still practicing the invention 
claimed herein. 
What is claimed is: 
1. A Windmill kite for converting the kinetic energy of 

high altitude Winds into useful Work or other forms of 
energy, the Windmill kite comprising: 
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at least three substantially axially co-directed, spaced 

apart mill rotors mounted into an assembly or unit; 

a platform frame conformed for supporting said mill 
rotors being tiltable upWards a predetermined angle 
With reference to a substantially horiZontal plane; 

at least one tether line maintaining a substantially ?xed 
geographical location of said platform; 

at least one Winch at ground level enabling the kite to be 
reeled in or let out in order to adjust its altitude as 
needed 

at least one dynamo mounted to said platform and con 
nected to an output of said mill rotors; 

a conductor connecting said at least one dynamo to an 
electrical supply at ground level; 

an electrical system controller to alloW electrical energy 
produced by said dynamo to be distributed into an 
electrical system; and 

a platform positioner mounted to said platform and con 
?gured to control the pitch angle on blades of said mill 
rotors to maintain the attitude of said platform relative 
to a ?xed set of orthogonal axes. 

2. AWindmill according to claim 1 Wherein said platform 
positioner varies said mill rotor blade pitch relative to a 
prevailing Wind to adjust the thrust produced by said mill 
rotors, to control the thrust and torque reaction on said mill 
rotors to thereby stabiliZe said platform in any desired 
attitude or orientation relative to the Wind. 

3. A Windmill kite according to claim 1 Wherein said 
electrical system controller is con?gured to generate error 
signals in response to said platform orientation, altitude or 
position moving from a predetermined orientation, altitude 
or position. 

4. A Windmill kite according to claim 1 Wherein said 
connector is con?gured to selectively supply electricity from 
said ground level to said mill rotors to thereby rotate said 
mill rotor blades. 

5. AWindmill kite according to claim 1 including four, six 
or more even number of mill rotors, said blades of prede 
termined pairs of said mill rotors con?gured to rotate in 
opposite directions. 

6. AWindmill kite according to claim 1 Wherein said mill 
rotors are tiltable betWeen substantially horiZontal and +60° 
therefrom. 


