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Kite system

The invention relates to a kite system comprising a kite, a
line arrangement, a pod, and a tension rope. The kite is con-
nected to the pod via the line arrangement. The tension rope

extends between the pod and a terrestrial attachment point.

By suitable adjustment of the aerodynamic properties, the kite
can be moved along flight paths which are aligned substan-
tially perpendicularly to the tension rope. During the move-
ment of the kite along the flight paths, a tensile force is
exerted on the tension rope. The tensile force can be used to
generate electric energy or as a propulsion force for a ship,

for example.

Particularly when used on a ship or when used in the context
of offshore power generation, a kite may accidentally land in
the water. A tension rope stretched across the sea between an
attachment point and a kite can represent a hazard for ship-
ping. Hauling in and recovering a kite drifting in the water
may be more difficult because the water may generate consider-—
able forces in opposition to the kite when the latter is
stretched open. Moreover, there may be damage to equipment if
high forces are transmitted to the attachment point via the

tension rope.

It is the underlying object of the invention to present a kite
system such that the hazards associated with a kite that acci-
dentally lands in the water are mitigated. Proceeding from the
cited prior art, the object is achieved by means of the fea-
tures of the independent claim. Advantageous embodiments are

specified in the dependent claims.

In the case of the kite system according to the invention, a

tensile force exerted by the kite is transmitted via a tension
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strand, which extends from the kite to the attachment point
via the line arrangement and the tension rope. A separating
device, which is triggered upon contact with water, is ar-
ranged within the tension strand. The separating device is an
element of the tension strand via which the tensile forces
acting between the kite and the attachment point are transmit-

ted in full or in part.

The invention is based on the concept of reducing the tensile
forces emanating from a kite drifting in the water by parting,
within the tension strand, a strand element participating in
the transmission of the tensile forces. Landing the kite in
the water is an event which is not envisaged in the normal op-
eration of the kite system, for which reason it cannot be as-
sumed that all the control mechanisms provided for the normal
operation of the kite system will still be operational. With
the invention, it is proposed to configure the separating de-
vice in such a way that it is triggered by contact with water.
This ensures that the division of the connection within the
tension strand still works reliably even if other control de-

vices have failed.

An attachment point is terrestrial if it is not lifted off the
earth by the tensile force of the kite. A terrestrial attach-

ment point can be firmly connected to the ground. Terrestrial

attachment points are also possible, for example, on a ship,

on a floating pontoon or on a mobile system on land.

The tension strand extending between the kite and the attach-
ment point can comprise a first section, in which the tensile
force is transmitted via a plurality of mutually parallel
strand elements. This section of the tension strand can corre-
spond to the line arrangement extending between the kite and
the pod. The separating device can be arranged within one of

several mutually parallel strand elements. In this embodiment,
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there is still a connection between the kite and the attach-
ment point via the remaining strand elements, even after the
triggering of the separating device, via which connection the

tensile forces can be transmitted.

The tension strand can branch between the separating device
and the kite into a plurality of parallel strand elements,
with the result that there are several points on the kite on
which there is no longer any tensile force acting after the
triggering of the separating device. It is also possible for
the kite system to comprise a plurality of separating devices,
which are arranged parallel to one another within the tension
strand. In particular, it is possible to separate all the
strand elements of the first section, such that there is no
longer any connection to the second section of the tension

strand.

The tension strand can comprise a second section, in which the
entire tensile force is transmitted via a single strand ele-
ment. The second section of the tension strand can correspond
to the tension rope which extends between the pod and the at-
tachment point. The separating device can be arranged within
the second section of the tension strand, ensuring that the
connection between the kite and the attachment point is fully

interrupted with the triggering of the separating device.

A separating device arranged within the tension rope can have
a position adjacent to the pod. In particular, the distance
between the pod and the separating device can be less than
20%, preferably less than 10%, as a further preference less
than 2%, of the length of the tension rope when the tension
rope is fully paid out. After the triggering of such a sepa-

rating device, the tension rope can be hauled in without much
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resistance. The kite must be recovered in a separate opera-
tion, e.g. by sailing a ship to the kite as it drifts freely
in the water and hauling the kite on board the ship.

If, on the other hand, the tension strand is only partially
parted with the triggering of the separating device, this
opens up the possibility of hauling in the kite to the attach-
ment point together with the tension rope. For this purpose,
it is advantageous if the triggering of the separating device
brings the kite into a state in which it can be pulled through

the water without much drag.

In the normal operation of the kite system, the tension strand
is configured in such a way that the kite covers a large area
transversely to the direction of tension. This is achieved by
attaching the line arrangement to the kite at a plurality of
points which generate a large surface in a plane aligned per-
pendicularly to the direction of tension. The kite system can
be configured in such a way that the points of the kite which
are still attached to the tension strand generate a surface
that is perpendicular to the direction of tension and that
still corresponds to a maximum of 50%, preferably a maximum of
20%, as a further preference a maximum of 10%, of the surface

generated in normal operation.

The kite can extend transversely to the direction of movement
from a first edge section, via a central section, to a second
edge section. The kite system can be configured in such a way
that, when the separating device is triggered, the strand ele-
ments extending to the first edge section and the second edge
section are parted. The tension strand is then only connected
to the central section of the kite. The peripheral sections
can give way rearward when the kite is pulled through the wa-

ter.
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Alternatively, the kite system can be configured in such a way
that, after the triggering of the separating device, only one
edge section of the kite is still connected to the tension
strand, while the strand elements extending to the opposite
edge section and the strand elements extending to a central
section are parted. The edge section of the kite which is
still connected to the tension strand can be a section that is
peripheral in the transverse direction, a leading section in
the longitudinal direction or a trailing section in the longi-
tudinal direction. The longitudinal direction refers to the
direction parallel to the direction of movement of the kite,
that is to say generally a direction parallel to the airfoil

profile of the kite.

The separating device can comprise a locking mechanism, which
allows a change between a closed and an opened state of the

separating device. In the closed state, a tensile force can be
transmitted via the separating device arranged in the tension
strand. In the opened state of the separating device, the ten-

sion strand is divided at this location.

The separating device can comprise a triggering element which
reacts to contact with water. The triggering element can be in
mechanical contact with the locking mechanism, ensuring that
the separating device is held in the closed state until the
triggering element comes into contact with water. For example,
the triggering element can have a body consisting of a water-
soluble material, such that the body is dissolved upon contact
with water and thus opens up an actuation path for the locking
mechanism. The body can be a cellulose pellet or a salt pel-
let, for example. The locking mechanism can be spring-loaded,
ensuring that it changes automatically to the opened state af-

ter the opening up of the actuation path.
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It is also possible for the triggering element to be config-
ured as a triggering sensor which emits a control signal upon
contact with water. The control signal can be transmitted to
the locking mechanism via a cable or via a radio link. After
the reception of the control signal, the locking mechanism can
be actuated, such that the separating device changes from the
closed state to the opened state. Also included are embodi-
ments in which the locking mechanism is actuated in some other

way, e.g. pneumatically or hydraulically.

The separating device can be configured in such a way that it
can change between the opened and the closed state while by-
passing the triggering element. In particular, the separating
device can have a locking mechanism which can be actuated
without triggering the triggering element. This enables the
separating device to be used, for example, to establish or di-
vide a connection between the line arrangement and the pod or
between the pod and the tension rope. The triggering element
can be retained unchanged, and can retain its function of

triggering upon contact with water.

The actuating part can be spring-loaded in order to hold the
separating device in the closed state. The spring force hold-
ing the actuating part can be selected in such a way that it

can be overcome manually.

In one embodiment, the separating device is a shackle which
opens automatically after the triggering of the triggering el-
ement. Also possible as an alternative are separating devices
which are designed to part the tension strand or a part
thereof by mechanical action, e.g. by cutting. In one embodi-
ment, the separating device is a pyrocutter. Separating de-
vices which act on a part of the tension strand by burning or

exploding are also possible.
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The triggering element can be configured in such a way that it
reacts only upon contact with salt water but not upon contact
with fresh water. This can be useful if the kite is being op-
erated over the sea, such that crashing of the kite results in
contact with salt water. In contrast, contact with rainwater

would not lead to triggering of the triggering element.

In addition or as an alternative to this, the separating de-
vice can be configured in such a way that the triggering ele-
ment is protected from rainwater. For example, the triggering
element may be covered at the top or may be accessible from
the outside only via a channel, ensuring that the triggering

element is triggered only after immersion in water.

A separating device having one or more of the features men-—
tioned has independent inventive content, even if it is not
used in the context of a kite system according to the inven-

tion.

The kite system can also comprise the terrestrial attachment
point to which the tension rope extends. The terrestrial at-
tachment point can be a component part of an arrangement
floating on the sea, such as, for example, of a floating pon-
toon or of a ship. The kite system can be an element of an ap-
paratus for generating electric energy. The apparatus can com-—
prise a generator driven via a tension rope winch. It is also
possible for the kite system to be connected to an attachment
point on a ship, making it possible to use the kite system to

generate a propulsion force for the ship.

The invention is described by way of example below by means of
advantageous embodiments with reference to the attached draw-

ings. In the drawings:



10

15

20

25

Figure
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Figures 3-4:

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1:

2:

10:

11:

shows an apparatus for generating electric energy
comprising a kite system according to the inven-

tion;

shows a schematic illustration of an operating

state of the apparatus from figure 1;

show details of the kite system from figure 1 in

an enlarged illustration;

shows a kite system according to the invention;

shows an alternative embodiment of a kite system

according to the invention;

shows the kite system from figure 6 in another

state;

shows another embodiment of a kite system accord-

ing to the invention;

shows the kite system from figure 8 in another

state;

shows an embodiment of a separating device of a

kite system according to the invention;

shows a ship having a kite system according to

the invention.

An apparatus shown in figure 1 for generating electric energy

comprises a kite system 23 according to the invention, which

is connected to a tension rope winch 16 via a tension rope 15.

The tension rope winch 16 forms an attachment point in the

sense according to the invention. The kite system 23 comprises
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a kite 14, which is connected to a pod 25 via a line arrange-—

ment 24.

Coupled to the tension rope winch 16 is an electric power—-gen-
erating/work-performing machine 17, which operates as a gener-
ator in a first operating state and as a motor in a second op-
erating state. The power-generating/work-performing machine is
connected to a public transmission network 19 via an electric
power line 18, which comprises a frequency converter and a
transformer, thus making it possible either to feed electric
energy generated by means of the power-generating/work-per-
forming machine 17 into the transmission network 19 or to op-
erate the power—-generating/work-performing machine 17 as a mo-
tor, using the electric energy taken from the transmission
network 19. The apparatus comprises a control unit 20, which
is designed to control the interaction between the components

of the apparatus.

The tension rope winch 16 with the power—-generating/work-per-
forming machine 17 and the components of the electric power

line 18 is arranged on a floating pontoon 12, which floats on
the sea 11. The floating pontoon 12 is connected to an anchor-

age 10 situated on the seafloor 13.

The control unit 20 comprises an antenna 21, thus enabling
control signals to be exchanged with the pod 25 via a radio
link 22. In particular, the control unit 20 sends control sig-
nals to the pod 25 in order to control the flight path of the
kite 14. Using the control signals, the length of control
lines of the line arrangement 24 is changed, thereby influenc-

ing the direction of flight of the kite 14.

In the exemplary embodiment shown in figure 2, the kite 14 is

being guided along a figure eight aligned substantially trans-—
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versely to the wind direction W. While the kite 14 is follow-
ing the flight path, a tensile force is exerted on the tension
rope 15, driving the power—-generating/work-performing machine
17 via the tension rope winch 16. By means of the power-gener-—
ating/work—-performing machine 17, which is operated as a gen-
erator in this operating state, the mechanical energy is con-
verted into electric energy and fed into the public transmis-
sion network 19 via the power line 18. It is also possible to
store some of the generated energy in electric form in an en-
ergy storage device in the power line 18. This enables elec-—
tric energy to be generated until the length of the tension
rope 15 is exhausted and the tension rope 15 has been paid out
fully from the tension rope winch 16. The tension rope 15 is
then hauled in by means of the power-generating/work-perform-—
ing machine 17, which is operated as a motor, before electric

energy can be generated again.

According to figure 3, the line arrangement 24 of the kite
system 23 according to the invention comprises active control
lines 26, passive control lines 27 and fixed lines 28, which
are each attached to the pod 25 and which, starting from nodal
points 29, branch into a plurality of ends attached to the
kite 14. The fixed lines 28 extend from an end connected in a
fixed manner to the pod 25 to a central section of the kite
14. The active control lines 26, the length of which is ad-
justable, extend from the pod 25 to two peripheral sections of
the kite 14. The passive control lines 27, which are deflected
via pulleys 30 at the pod 25, are secured on the kite 14 be-

tween the fixed lines 28 and the active control lines 26.

By adjusting the length of the active control lines 26, it is
possible to control the direction of movement of the kite 14.
As the active control lines 26 are adjusted, the passive con-

trol lines 27 are taken along via the pulleys 30, while the
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length of the passive control lines 27 from the kite 14, via

the pulleys 30, and back to the kite 14 remains unchanged.

The kite 14 forms an airfoil profile which extends in the lon-
gitudinal direction from an end face 31 visible in figure 3,
via an outer surface 32 and an inner surface 33, to a rear
end, which is not visible in figure 3. A cavity is formed in
the interior of the kite 14, said cavity being under overpres-
sure during the normal operation of the kite system. The kite
14 comprises openings 34 formed in the end face 31, through
which air can enter the interior and through which the over-

pressure is built up when the kite 14 is in motion.

According to figure 5, the pod 25 is connected to the tension
rope 15 via a separating device 40. The separating device 40
is triggered upon contact with water 40 and divides the con-
nection between the pod 25 and the tension rope 15. If the
kite 14 falls into the sea 11 on account of an unusual operat-
ing situation, the separating device 40 comes into contact
with the seawater, and the connection between the pod 25 and
the tension rope 15 is released. The tension rope 15 can be
hauled in by means of the tension rope winch 16 without having
to apply relatively large forces. This has the advantage that
a hazard for shipping that may result from the tension rope 15
being stretched between the tension rope winch 16 and the pod
25 can be rapidly removed. After the triggering of the sepa-
rating device 40, the kite 14 and the pod 15 drift freely on

the sea and can be recovered by means of a ship.

Figure 10 shows an embodiment of a separating device 40 ac-—
cording to the invention in the form of a shackle. The shackle
comprises a shackle body 41 designed as a casting. The closure
piece 43 is connected to a front end of the shackle body 41
via an articulated connection 42, said closure piece being

held in the closed position shown in figure 10 by means of a
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latch 44. An eye 45 is screwed into the shackle body 41 at the
opposite, rear, end of the shackle. During the operation of
the kite system 23 shown in figure 5, the tension rope 15 is
connected to the eye 45, and the front end of the shackle is
attached to the pod 25.

The shackle comprises a retention element 46, by means of
which the latch 44 is held in the closed state. The retention
element 46 is arranged in a hole in the shackle body 41 and is
held by a retention spring 47 in the forward state shown in
figure 10. The hole is closed by means of a plug 48. The re-
tention spring 47 is supported via a cellulose pellet 49 on

the front end of the plug 48.

If the shackle falls into the sea 11, the cellulose pellet 49
comes into contact with seawater and dissolves. The retention
element 46 is no longer supported on the plug 48 and therefore
opens up a space for the movement of the latch 44. The latch
44 is released by the force of a latch spring 50, which is un-
der stress in the normal state. The closure piece 43 opens and

the pod 25 is separated from the tension rope 15.

The space in which the cellulose pellet 49 is arranged is con-
nected to the environment by a first channel 51 formed in the
plug 48 and by a second channel 52 formed in the closure body
41. The seawater can enter through one of the channels, while
the air can escape through the other channel. Trapping of air
bubbles is avoided. The channels 51, 52 are configured and

aligned in such a way that no rainwater can get to the cellu-
lose pellet 49 during the normal operation of the kite system
23. Only after the shackle is immersed in water does the cel-

lulose pellet 49 dissolve.

It is also possible for the shackle to be opened without the

cellulose pellet 49 being dissolved if an operator exerts
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pressure on the latch 44 via a gripping surface 53. The reten-
tion spring 47 is dimensioned in such a way that it can be

compressed by manual force.

In figure 6, the line arrangement 24, which is illustrated in
a simplified manner, has three fixed lines 28, which extend to
a central section of the kite 14, and in each case three con-
trol lines 26, which extend to opposite edge sections of the
kite 14. The kite system comprises a total of three separating
devices 40, wherein two of the three fixed lines 28 are at-
tached to the pod 25 via the first separating device 40, and
wherein two of the three control lines 26 are attached to the
pod via the second and the third separating device 40, respec-—
tively. If the kite 14 falls into the sea 11, the three sepa-
rating devices 40 are triggered, with the result that only one
of the fixed lines 28 and in each case only one of the control
lines 26 is still connected to the pod 25. The connection is
with a leading section of the airfoil profile of the kite 14,
while the trailing part of the kite 14 can pivot out rearward.
In this state, the kite 14 forms a flat structure which can be
hauled in by means of the tension rope 15 without having to

exert high forces, see figure 7.

Figures 8 and 9 show an alternative embodiment, in which two
separating devices 40 are arranged in the line arrangement 24,
which is illustrated in a simplified manner. The first sepa-
rating device 40 separates all three fixed lines 28 from the
pod 25. The second separating device separates the set of con-
trol lines 26 which is arranged on one side of the fixed lines
28 completely from the pod, and therefore the kite 14 is con-
nected to the pod 25 only via the other set of control lines
26. After the triggering of the separating devices 40, a flat
structure is likewise formed, and this can be pulled through
the water without a large expenditure of force and can be

hauled in by means of the tension rope 15, see figure 9.
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Figure 11 shows an alternative embodiment of the invention, in
which the kite system 23 according to the invention is used to
generate a propulsion force for a ship 54. The tension rope 15

is attached to an attachment point 55 on the ship 54.
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Patent claims

1. A kite system comprising a kite (14), a line arrangement
(24), a pod (25), and a tension rope (15), wherein the kite
(14) is connected to the pod (25) via the line arrangement
(24), and wherein the tension rope (15) extends between the
pod (25) and a terrestrial attachment point (16, 55), and
wherein a tensile force exerted by the kite (14) during opera-
tion is transferred via a tension strand (15, 24), which ex-
tends from the kite (14) to the attachment point (16, 55) via
the line arrangement (24) and the tension rope (15), wherein a
separating device (40), which is triggered upon contact with

water, 1is arranged within the tension strand (15, 24).

2. The kite system as claimed in claim 1, characterized in
that the tension strand (15, 24) is fully parted when the sep-

arating device (40) is triggered.

3. The kite system as claimed in claim 1 or 2, characterized
in that the tension strand (15, 24) comprises a section in
which the tensile force is transmitted via a plurality of mu-

tually parallel strand elements (26, 27, 28).

4. The kite system as claimed in claim 3, characterized in
that the separating device (40) is arranged within one of sev-

eral mutually parallel strand elements (26, 27, 28).

5. The kite system as claimed in claim 3 or 4, characterized
by a plurality of separating devices (40), which are arranged

parallel to one another within the tension strand (15, 24).

6. The kite system as claimed in one of claims 3 to 5, char-
acterized in that the tension strand (15, 24) is partially

parted when the separating device (40) is triggered.
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7. The kite system as claimed in claim 6, characterized in
that the points of the kite (14) which are attached to the
tension strand after the triggering of the separating device
(40) generate a surface that is perpendicular to the direction
of tension and that still corresponds to a maximum of 50%,
preferably a maximum of 20%, as a further preference a maximum

of 10%, of the surface generated in normal operation.

8. The kite system as claimed in one of claims 1 to 3, char-
acterized in that the tension strand (15, 24) comprises a sec-
tion in which the entire tensile force is transmitted via a
single strand element (15), and in that the separating device

(40) is arranged within the single strand element (15).

9. The kite system as claimed in one of claims 1 to 8, char-
acterized in that the separating device (40) comprises a trig-
gering element (49) which is dissolved upon contact with wa-

ter.

10. The kite system as claimed in one of claims 1 to 9, char-
acterized in that the triggering element (49) is triggered

only upon contact with salt water.

11. The kite system as claimed in claim 9 or 10, character-
ized in that the triggering element (49) is protected from

contact with rainwater.

12. The kite system as claimed in one of claims 9 to 11,
characterized in that the triggering element (49) is in me-—
chanical contact with a locking mechanism (44) of the separat-

ing device (40).

13. The kite system as claimed in one of claims 9 to 12,
characterized in that the separating device (40) has a locking
mechanism which can be actuated without triggering the trig-

gering element (49).



