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Met hod for landing a tethered aircraft and |launch and | and
system

Descri ption

The invention relates to a nethod for landing a tethered
aircraft. The invention further relates to a launch and | and
system for a tethered aircraft.

Tethered aircrafts are for instance known from airborne w nd
energy production. An exanple for a respective system by the
applicant is described in detail in EP 2 631 468 Al.

For efficient and economic operation of such systens, a high
degree of automation is desirable, in particular during

| aunchi ng, landing, and ground handling of the aircraft. It is
thus an object of the invention to provide for a high degree of
automati on during launching and/or |anding and/or ground
handling of a tethered aircraft.

According to the invention, this object is achieved by a nethod
for landing a tethered aircraft, conprising the steps of

- approaching a ground site with said aircraft, thereby
shortening free length of tether between the aircraft and
the ground site until said free length of tether reaches a
predeterm ned val ue,

- further approaching the ground site with said aircraft,
thereby keeping free length of tether fixed at said
predeterm ned val ue,

- retaining the tether to form a loop, wherein the loop is
tensed and tightened by the nmoving aircraft, and

- danping said tightening of said loop in order to decelerate
the aircraft until it stands at the ground site.
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It is an aspect of the invention to decelerate the aircraft by
use of the tether. This allows the aircraft to be decel erated
prior to and after touch down alike or, in other terns, both in
flight and when rolling on the ground. The aircraft thus can
approach with released constrai nts on flight path, enabling
conpletely autononous flight of the aircraft during approach
without any need for supervision and/or intervention by a human
oper at or

In case of deceleration in flight, it mght happen that the
aircraft gets decelerated below stall speed and thus drops the
remaining distance to the runway. Preferably, the aircraft is
equi pped with a landing gear designed for such |oad conditions
in order to fully explore the benefits provided by the

i nvention

It is another aspect of the invention that the majority of
kinetic energy of the aircraft is dissipated by danping the
tightening of a loop formed in the tether, which beneficially

can be achieved by use of ground-based equipnment. This allows

mai nt enance of such equipment anytime, even when the aircraft is
flying. Maintenance of such equipnment thus does not conprom se
availability of the aircraft, for instance for airborne w nd
energy production.

It is yet another aspect of the invention that the aircraft is
decel erated depending on its position. In particular,
deceleration starts when the tether with fixed free length is
tensioned and the loop in the tether starts to get tightened.
Decel eration then continues wuntil the aircraft does not nove any
further

Since the length of tether has been fixed to a predeterm ned
value or ampunt, the aircraft conmes to a halt l|atest when the
loop reduced to the mnimum size allowed by construction.

VWhen said value for fixed free length of tether is predeternmnned
such that the decelerated aircraft conmes to stand within a
predetermned target area at said ground site, ground handling
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of the aircraft may be sinplified and further automatized. In
particular, automated systens can rely on the fact that the
aircraft stands in a predefined target area after |anding. Thus,
the invention allows for sinpler and thus easier-to-automate
ground handling of the aircraft.

It is of advantage when the aircraft approaches the ground site
against the wind, which is beneficial in terms of stable flight
conditions and a lower allowable aircraft velocity upon
approach. 1In general, an approach against the wind can increase
the safety margin and thus leads to reduced constraints on the
flight path for automated |anding procedures.

It is further beneficial when a runway for the aircraft at said
ground site is oriented to align with the direction of approach
of the aircraft, which avoids the need for conplex flight
maneuvers. |In general, an approach against the wind can increase
the safety margin and thus leads to reduced constraints on the
flight path for automated |anding procedures.

It is nost beneficial when the aircraft approaches against the
wind, while the runway is aligned with direction of approach.

The object of the invention is also achieved by a |aunch and

| and system for a tethered aircraft conprising a runway for the
aircraft, a winch for the tether, and a retention system for
formng a loop of the tether between the winch and the aircraft
approaching the runway, wherein said retention system features a
danmpi ng device for danmping a tightening of said |oop caused due
to novenent of the aircraft upon approach and |anding in order
to decelerate said aircraft.

The launch and | and system according to the invention is in
particul ar designed and constructed to be operated pursuant a
method for landing a tethered aircraft according to the

i nvention as described above.

For aligning the runway with the wind and/or with a direction of
approach of the aircraft, the runway is for instance rotatable
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around a vertical axis.

In a preferred enbodinent of the invention, the guiding device
for the tether is arranged approximately in the mddle of the
runway and/or close to a rotational axis of the runway. This
way, the guiding device can be arranged stationary even when the
runway is orientable or rotatable.

It is further preferred that the guiding device is rotatable,
preferably co-axially with rotatable runway, in order to enable
strai ght guidance of the tether towards the airborne aircraft
wi thout sharp bends of the tether.

In a preferred enbodinent of the invention, the retention device
conprises a novable slider with a roller, wherein an axis of
said roller is aligned essentially horizontal and across a
direction of novability of said slider. For instance, said
direction of novability of the slider is aligned with the
runway. This arrangenent provides for nost sinple and stable
construction for formng a loop in the tether.

Wien said roller has a varying dianeter along its axis, wth
| arger dianmeter towards both ends and smaller dianeter in
between, the tether running over the roller is guided self-
aligning without further I|ateral guides.

In a preferred enbodinent of the invention, said roller
conprises two concentric tubes, which are radially linked with
each other by at least one flexible elenent, wherein the roller
is supported at the slider via said inner tube and wherein the
roller engages with the tether via said outer tube. In this
enbodi nent, the flexible elenment serves as a cushion for

danpeni ng peak forces acting on the system for instance when
the initially slack tether in the loop is tightened and abruptly
engages with the roller.

In a particular preferred enbodiment of the invention, said
danpi ng device conprises a shock absorber, in particular a
hydraulic shock absorber, for dissipating the kinetic energy of
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the aircraft.

It is further preferred when said danping device conprises a

pul ley assenbly for connecting the slider to the shock absorber,
wherein the pulley assenbly in particular conprises at |east one
cable and at least one pulley to guide said cable. It is one
advantage of this enbodinent that a pulley block assenmbly can
provide for a transmission wth non-unity ratio between the
slider and the shock absorber, allowing for a relatively 1ong

di stance of slider novenment to correspond to a relatively short
stroke of the shock absorber. It is another advantage that a

pul l ey block assenbly provides for sonme flexibility, which helps
t o danped peak forces.

In another preferred enbodinment of the invention, the retention
device conprises a positioning nechanism for positioning said
slider at least in an extended position for maxi mum retention of
the tether and/or in a parking position for no engagenent of the
roller with the tether.

The invention is described below, wthout restricting the
general intent of the invention, based on exenplary enbodinents
with reference to the drawings. The drawi ngs show in:

Fig. 1 schematically an exenplary enbodinment of a [aunch
and land system according to the invention;

Fig. 2 schematically a sectional side view side of the
[ aunch and land system in fig. 1;

Fig. 3 schematically a danping nmechanism for a launch
and land system according to the invention;

Fig. 4 schematically a sectional side view of an
alternative launch and |and system according to
the invention;

Fig. ba-c schematically an exenplary sequence for |aunching
a tethered aircraft according to the invention;
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Fig. 6a-d schematically an exenplary sequence for landing a
tethered aircraft according to the invention;

Fig. 7a-c schematically an exenplary sequence for ground
handling a tethered aircraft according to the
i nvention; and

Fig. 8 schematically details of a landing gear for
automated ground handling according to the
i nvention .

In the drawings, the sane or sinilar types of elenents or
respectively corresponding parts are provided with the sanme
reference nunbers in order to prevent the elenents from needing
to be reintroduced.

Figure 1 shows an exenplary enbodinent of a launch and | and
system 1 according to the invention. The launch and |and system
1 conprises a platform 10. The platform 10 serves as a runway 12
for a tethered aircraft 90. The tether 92 is guided through the
platform by means of a sw vel nechanism 60, |ocated essential in
the center of the platform 10.

A slider 42 with a roller 46 is novable along rails 44 in order
to capture the tether 92 close to the swivel nechanism 60, in
order to forma loop of said tether 92. Rails 44 provide for an
extended position for slider 42, where slider 42 is positioned
at maxi mum di stance from the swivel and thus retention of tether
92 is maxim zed. Rails 44 preferably also provide for a parking
position for slider 42, where the roller 46 is di sengagenent
from the tether 92.

A ranp 48 is provided to shield the slider 42 and the roller 46
fromcollisions with the |anding gear 94 of the approaching
aircraft 9o0.

The direction of approach of the aircraft 90 is indicated by
arrow 91.
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On the far end of the runway 12, as seen by the approaching
aircraft 90, there is provided for a target area 14, where the
aircraft 90 will come to a halt after |anding and decel eration.
The target area 14 is laterally bordered by guide rails 80. Said
guide rails 80 restrict the aircraft 90 to remain inside the
target area 14 when rolling across the platform 10 during ground
handl i ng .

The launch and land system 1 also conprises a catapult with two
catapult arns 30 for launching the aircraft 90. For this

pur pose, each catapult arm 30 has a shuttle 34, respectively,
which engage with the aircraft 90, for instance with the Ianding
gear 94 of the aircraft, allowing to accelerate the aircraft 90
along the catapult arns 30.

Figure 2 shows a sectional view of the launch and land system 1
as shown in fig. 1 along the Iine A-A. As can be seen, the
platform 10 conprises wheel sets 20 resting on a circular rail
22, thus allowing the platform 10 to rotate around a vertical
axis, which is indicated by a dash-dotted line in fig. 2.

Underneath the swi vel nechanism 60, there is provided for a
winch 62 with a winch drive 64 for the tether 92. By guiding the
tether 92 along the axis of rotation of the platform 10, it is
possible to position the winch 62 and winch drive 64 stationary
underneath the platform 10. However, those skilled in the art
will appreciate that this is just an exanple and that the w nch
62 and winch drive 64 can also be arranged to nove with the
rotatable platform 10.

Also shown in fig. 2 is a danping mechanism 41 connected to the
slider 42, which is constructed and designed for danping
novenent of the slider 42 along the slider rails 44,

A catapult drive 32 is provided to drive the catapult shuttles
34 along the catapult arnms 30, respectively. Those skilled in
the art will appreciate that having one catapult drive 32 for
two shuttles 34 of two catapult arns 30 is just an exenplary
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enmbodinent. In alternative enbodinments of the invention, a
separate catapult drive 32 can be foreseen for each of the
shuttles 34, while other enbodinments nay have just one catapult
arm 30 with one shuttle 34 and one catapult drive 32.

The slider 42 with roller 46 and the danping mechanism 41 are
part of a tether retention system which is shown in detail in
fig. 3. The slider 42 is novable along two slider rails 44,
Inside the slider rails 44 run respective drive belts (not
visible) running over sheaves 54 on either ends of the slider
rails 44 and driven by respective slider drives 55 for
positioning of the slider 42 along the slider rails 44,

Simlarly, the ranp 48 is novable along the slider rails 44 by
means of belts driven by respective ranp drives 56. In
particular, the slider 42 and the ranp 48 can positioned

i ndependently from each other. Those skilled in the art wll
appreciate that it is also possible within the scope of the
invention to couple slider 42 and ranp 48 for simnultaneous
noverment by nmeans of a conmon drive.

In addition to the mechanism for positioning the slider 42 as
just described, the slider 42 is coupled to a shock absorber 50
via a pulley block assenbly. For instance, the shock absorber 50
conprises a piston noving in a cylinder.

In the exenplary enbodinment shown in fig. 3, the pulley block
assenbly conprises a dynamic block 51 arranged at the novable
part of the shock absorber 50, a static block 52 being fixed in
position relative to shock absorber 50, and cables running over
the pulley blocks 51, 52 and connected towards the slider 42
These cables are not shown entirely in fig. 3 for reasons of
sinmplicity. The pulley block assenbly serves as transm ssion
between the slider 42 and the shock absorber 50, respectively.

Said transm ssion provides for non-unity ratio of distance noved
by the slider 42 and the stroke of the shock absorber 50, for
instance for a ratio of six to one. At the sanme tine, the
transmission introduces a certain flexibility between the slider
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42 and the shock absorber 50, in order to danmpen abrupt forces
acting on the slider 42 and/or the roller 46 of the slider 42.

As the slider 42 noves along the slider rails rails 44, the
shock absorber 50 gets conpressed. |In order to unconpress the
shock absorber 50, thereby noving the slider 42 backwards, a
pul ley block drive 53 acting on the dynamic pulley block 51 is
provi ded.

As a matter of fact, the pulley block drive 53 and the slider
drives 55 potentially counteract and block each other. It is
therefore beneficial when at |east one of said drives 53, 55 can
be switched to mninmum counter torque and/or can be nechanically
di sengaged from the slider 42, for instance by neans of a clutch
and/or a torque limter.

Figure 4 shows an alternative enbodinment of the invention in a
sectional view simlar to the view depicted in fig. 2. In this
enbodi ment, the danping nmechanism 41 and the roller 46 are
positioned stationary with the winch 62 and the winch drive 64,
respectively. This reduces the nunber of elenents on the
rotatable platform 10. In this enbodinment, the sw vel nechanism
60 is located close to the outer circunference of the platform
10 in order to nmake alnobst the full platform diameter avail able
for the runway 12. Sheaves 65 on the platform 10 and sheaves 66
arranged stationary are used to guide the tether 92 from the
swi vel mechanism 60 over the roller 46 to the w nch 62.

Figures 5 a-c illustrate the sequence of automated |aunching
according to the invention of a tethered aircraft 90. Figure b5a
shows the launch and |land system 1 according to the invention as
described in figs. 1-3 with the aircraft 90 position at one end
of the runway 12, the landing gear 94 in engagenent wth the
catapult shuttles 34 and the slider 42 positioned underneath the
aircraft 90. The aircraft 90 is accelerated by the catapult
shuttles 34 to a velocity fast enough for the aircraft 90 to
take off (fig. 5b), thereby pulling the tether 92 from the w nch
62. Until now, the slider 42 renmains essentially in the initial
position, wth the danping nechanism 41 eventually snpothening
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out peak forces occurring while pulling out the tether 92.

Fig. 5c shows a top view of the launch and land system 1
according to the invention and of the flight path during

| aunchi ng sequence of the aircraft 90. As can be seen, the
runway 12 has been aligned to start the aircraft 90 against the
wind, which is indicated by arrow 5. Successively, the initial
velocity of the aircraft 90 gained fromthe catapult start is
used to fly an arc with increasing distance to the platform 10
towards the downw nd side of the launch and |and system 1. Once
the aircraft 90 is doww nd of the launch and |land system 1, the
winch 62 is driven by the winch drive 64 to pull the aircraft 90
towards the platform 10 against the wind 5, allowing the
aircraft 90 to gain altitude.

Si mul taneously, the slider 42 is noved along the slider rails

44, eventually crossing the swi vel nechanism 60 in the center of
the platform 10, thereby disengaging from the tether 92. This
way, the roller 46 of slider 42 does not touch the tether 92
during normal flight operation, which beneficially avoids
unnecessary wear on the roller 46 and/or the tether 92,
respectively .

Once enough altitude is reached, the aircraft 90 is ready for
normal flight operation, for instance for harvesting w nd energy
for production of electricity. Such operation is for instance
described in detail in EP 2 631 468 A, see in particular figs.
2a and 2b with corresponding description within this docunent.

During normal flight operation of the aircraft 10, the platform
10 or the runway 12, respectively, remin preferably aligned
with the wind 5. It is further beneficial when the sw vel
mechani sm 60 turns relative to the platform 10 in order to
follow the flight pattern of the aircraft 90 to ensure straight
gui dance of the tether 92 through the platform 10, which

m nimzes wear on the tether 92.

The sequence of automated |anding according to the invention of
the tethered aircraft 90 is illustrated by figs. 6 a-d.
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Figure 6a shows the initial approach of the aircraft 90 towards
the launch and land system 1 according to the invention. During
the approach, the tether 92 is reeled in by neans of the w nch
62 and winch drive 64, which shortens the free length of tether
92 between the aircraft 90 and the winch 62. During this phase,
the tether 92 is for instance kept approximtely straightened

wi thout exerting significant pulling force on the aircraft 90.

VWen the free length of tether 92 reaches a predeterm ned val ue,
operation of the winch 62 is ceased and the winch 62 is |ocked
in order to keep the free length of tether 92 constant.
Alternatively, a break acting on the tether 92, which for
instance is located at or close to the swi vel nechanism 60, is
closed, thereby holding tight on the tether 92. At this point in
tine, the slider is positioned at the extrenme position for

maxi mum retention of the tether 92, with the tether 92 running
below the roller 46 of the slider 42. Wth the free length of
tether 92 fixed and the aircraft 90 still noving, the tether 92
falls slack as the aircraft 90 nmoves over the slider 42. This
phase of landing is depicted in fig. 6b.

VWhen the aircraft 90 crosses the slider 42, either in flight or
rolling on the runway 12, a loop is forned in the tether 92
extending from the swi vel mechanism 60 over the roller 46 to the
aircraft 90. The tether 92 in this loop is initially slack (cf.
fig. 6b), as described above, and tensioned by the noving
aircraft 90 (cf. fig. 6c)

As the tether 92 in the loop is straightened out, the noving
aircraft 90 is exerting a pull on the the slider 42 via the
roller 46, which is also acting on the shock absorber 50. Thus,
the kinetic energy of the aircraft 90 is dissipated by the shock
absorber 50. Regardless whether the aircraft 90 is still flying
or already has touched ground and is rolling on the runway 12,
the aircraft 90 is thereby decelerated until conming to a
conplete halt within the target 14 before the end of the runway
12 on the platform 10 (cf. fig. 6d)
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After the aircraft 90 has been |anded and decelerated to a stop
within the target area 14, the invention also provides for

automated ground handling of the aircraft 90, in particular for
aligning and securing the aircraft 90 on top of the platform 10.

For this purpose, the platform 10 conprises guide rails 80 on
either side of the target area 14. These guide rails 80 are
arranged in a funnel-shaped way with the wi der side of the
funnel being oriented towards an edge of the platform 10 and the
narrower side of the funnel being oriented towards the the

swi vel mechanism 60.

By using the winch 62 and winch drive 64 together with the
tether 92, the aircraft 90 standing in the target area 14 is
pul l ed backwards to the narrow side of the funnel, as
illustrated by figs. 7 a-c. The aircraft 90 eventually is pulled
agai nst one of the guide rails 80. The guide rails 80 in
particular provide a step or edge, constraining the aircraft 90
to within the target area 14.

For instance, as shown in fig. 8, the landing gear 94 of the
aircraft 90 is equipped with guiding devices 97 adjacent to the
wheel s 95 which are suited to engage with the guide rails 80 in
order to avoid the landing gear 94 to roll over said guide rails
80.

Due to the funnel shaped arrangenent of the guide rails 80, the
aircraft 90 is guided towards a defined position within the
narrow side of the funnel shape of the target area 14 when
pul l ed backwards by neans of the tether 92. This way, the
aircraft 90 is for instance brought to a target position wth
defined orientation directly above the sw vel nechanism 60,
where the aircraft 90 can either be secured for parking or can
be loaded onto the catapult system for re-Ilaunch.
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Met hod for landing a tethered aircraft and |launch and | and

system

d ains

1. Method for landing a tethered aircraft, conprising the
steps of

- approaching a ground site with said aircraft, thereby
shortening free length of tether between the aircraft
and the ground site until said free length of tether
reaches a predeterm ned val ue,

- further approaching the ground site with said aircraft,
thereby keeping free length of tether fixed at said
predeterm ned val ue,

- retaining the tether to form a loop, wherein the |oop
is tensed and tightened by the noving aircraft, and

- danping said tightening of said loop in order to
decelerate the aircraft until it stands at the ground
site.

2. Met hod according to claim 1,

characterized in that

said value for fixed free length of tether is predeterni ned
such that the decelerated aircraft cones to stand within a
predeterm ned target area at said ground site.

3. Met hod according to claim 1 or 2,
characterized in that
the aircraft approaches the ground site against the w nd
and/or that a runway for the aircraft at said ground site
is oriented to align with the direction of approach of the
aircraft .
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Launch and land system for a tethered aircraft conprising a
runway for the aircraft, a winch for the tether, and a
retention system for formng a |loop of the tether between
the winch and the aircraft approaching the runway, wherein
said retention system features a danping device for danping
a tightening of said |oop caused due to novenent of the
aircraft upon approach and landing in order to decelerate
said aircraft.

Launch and land system according to claim 4,

characterized in that

the retention device conprises a novable slider with a
roller, wherein an axis of said roller is aligned
essentially horizontal and across a direction of novability
of said slider, wherein in particular said direction of
novability of the slider is aligned with the runway.

Launch and land system according to claim s,

characterized in that

said roller has a varying dianeter along its axis, wth

| arger dianeter towards both ends and smaller dianeter in
bet ween .

Launch and |l and system according to claim 5 or claim s,
characterized in that

said roller conprises two concentric tubes, which are
radially linked with each other by at |east one flexible

el ement, wherein the roller is supported at the slider via
said inner tube and wherein the roller engages with the
tether via said outer tube.

Launch and | and system according to one of clains 4 to 7,
characterized in that
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sai d danping device conprises a shock absorber, in
particular a hydraulic shock absorber.

Launch and land system according to claim s,

characterized in that

sai d danping device conprises a pulley assenbly for
connecting the slider to the shock absorber, wherein the
pul ley assenbly in particular conprises at |east one cable
and at least one pulley to guide said cable.

Launch and land system according to one of clainms 4 to 9,
characterized in that

the retention device conprises a positioning nechanism for
positioning said slider at least in an extended position
for maxi num retention of the tether and/or in a parking
position for no engagenent of the roller with the tether.
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