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(57) Abrégée/Abstract:
Known towed bodies can be maneuvered in all three dimensions but, as pure airborne targets, do not have a large load capacity.
The towed body (01) according to the invention Is designed for bearing large loads and serves exclusively scientific and commercial
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(57) Abrege(suite)/Abstract(continued):

measurement purposes. To achieve very good aerodynamic properties, the towed body has a fuselage (02) comprising a triangular
transverse plane (15), whereln the upper face (18) Is designed to be wide and the lower face (19) Is designed to be narrow, and
comprising a curvature (23) only on the upper face (18), whereas the lower face (19) runs straight. The wings (03) are bent and
consist of two segments (07, 08). Small segments (0/7) are arranged at the bottom of the fuselage (02), which small segments
point downwards and stabllise the towed body (01), large segments (08) are connected to the small segments (07), which large
segments point upwards and generate lift. In the front and middle region of the fuselage (02) and in the small segments (07) there
are load chambers (10, 11) which can have user-friendly segment chambers (22). The unit chamber (09) comprising various units

(27), such as a position-stabllising gyroscope system, an anti collision module, accumulators, a generator and an emergency
parachute system (25), Is located In the rear region of the towed body (01).
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Fig.1

(57) Abstract: Known towed bodies can be maneuvered in all three dimensions but, as pure airborne targets, do not have a large
load capacity. The towed body (01) according to the invention is designed for bearing large loads and serves exclusively scientific
and commercial measurement purposes. To achieve very good aerodynamic properties, the towed body has a fuselage (02)
comprising a triangular transverse plane (15), wherein the upper face (18) is designed to be wide and the lower face (19) 1s designed
to be narrow, and comprising a curvature (23) only on the upper face (18), whereas the lower face (19) runs straight. The wings (03)
are bent and consist of two segments (07, 08). Small segments (07) are arranged at the bottom of the fuselage (02), which small
segments point downwards and stabilise the towed body (01), large segments (08) are connected to the small segments (07), which
large segments point upwards and generate lift. In the front and middle region of the fuselage (02) and in the small segments (07)
there are load chambers (10, 11) which can have user-friendly segment chambers (22). The unit chamber (09) comprising various
units (27), such as a position-stabilising gyroscope system, an anti collision module, accumulators, a generator and an emergency
parachute system (25), 1s located in the rear region of the towed body (01).

(57) Zusammenfassung:

[Fortsetzung auf der nachsten Seite/
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RS, SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, Veroffentlicht:

CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD,

TG).

3)

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

Ein bekannter Schleppkorper i1st i allen dre1 Raumrichtungen mandvrierbar, verfiigt aber als reines Lufttziel nicht liber eine grolie
Lastkapazitat. Der erfindungsgeméalle Schleppkorper (01) ist fiir eine grofle Lastautnahme konzipiert und
wissenschattlichen und kommerziellen Messzwecken. Fiir sehr gute aecrodynamische Eigenschatten weist er einen Rumpt (02) mit
einer dreieckigen Querebene (15) auf, wobel die Oberseite (18) breit und die Unterseite (19) schmal ausgebildet ist, und mit einer
Wolbung (23) nur an der Oberseite (18), wohingegen seine Unterseite (19) gerade verlautt. Die Tragtlachen (03) sind abgeknickt
und bestehen aus zwel Segmenten (07, 08). Kleine Segmente (07) sind unten am Rumpt (02) angeordnet, zeigen nach unten und
stabilisieren den Schleppkorper (01), grolle Segmente (08) schliellen an die kleinen Segmente (07) an, weisen nach oben und
erzeugen Auftrieb. Im vorderen und mittleren Bereich des Rumpts (02) und in den kleinen Segmenten (07) betinden sich

dient ausschlie3lich

Lastkammern (10, 11), die anwenderf

reundliche Segmentkammern (22) aufweisen kénnen. Der Agg

regatraum  (09) mit

verschiedenen Aggregaten (27), wie lagestabilisierendem Kreiselsystem und Antikollisionsmodul, Akkumulatoren, Generator
sowie einem Rettungsfallschirmsystem (25) befindet sich im hinteren Bereich des Schleppkorpers (01).
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Title
Aerodynamically shaped, active towed body

[0001] Description
[0002] The invention relates to an aerodynamically shaped, active towed body, which can be

towed through the air using a towing cable by a powered aircraft, at least with a fuselage curved
along Iits vertical and horizontal longitudinal plane with a unit chamber in which at least one
power supply and one control device are arranged, and with a load chamber and with two wings
arranged In the rear region of the fuselage and a tail fin with rudders that can each be adjusted

by the control device and with a coupling for the towing cable.

[0003] On the one hand, towed bodies of this type are used in the military sector, where they
are used for training purposes as targets or for aircraft deflection. On the other hand, towed
bodies are also used in the civil sector for a variety of measurement purposes. As a general
rule, there are very limited possibilities for contactless remote sensing with a powered aircraft,
usually an airplane or a helicopter, in the atmospheric boundary layer up to an altitude of 300 m
due to naturally occurring and artificial obstacles. In good visibility conditions (no low cloud, or
no clouds at all), measurements can be performed with the airplane at an altitude of 60 m,
whereas under poor visibility conditions (deep cloud, fog, rain, etc.), they can only be performed
at a maximum altitude of 300 m, in other words only at the edge of the atmospheric boundary
layer. High safety requirements for flight operation are imposed at altitudes of less than 150 m.
However, it is often of particular interest to perform measurements immediately above the
ground, for example directly over the surface of sea ice or beneath a cloud layer without any
direct visual contact with the aircraft. Unmanned towed bodies are used for this purpose, which
do not have their own drive systems (unlike drones), but are towed through the air by the
aircraft, which flies in a non-critical altitude range in excess of 300 m in such cases. The general
flight direction of the towed body is thus determined by the aircraft. In this case the towed body
IS connected to the towed body via a towing cable of variable length. A distinction should be
made between passive towed bodies, which do not possess any independent maneuverability,

and active towed bodies, which do possess independent maneuverability in airspace — within

the scope of the general flight direction determined by the aircraft.
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[0004] Towed bodies for measurement purposes are used in the polar regions, for example, to
obtain information about the surface of sea ice and the thickness distribution of said sea ice.
However, atmospheric measurements may also be performed with such towed bodies (for
example, measurements of the content of BC (black carbon), aerosol measurements (particle
concentrations, chemical composition) and atmospheric trace gas measurements (CO, CO,,
S0,, NOx) to obtain information about meteorological conditions and the properties of clouds,
geophysical prospecting and environmental observations (emissions from ships and power
piants and detection of land mines) in accessible residential or industrial areas, but also
particularly inaccessible areas (polar regions, oceans, mountains, rainforests, deserts)).
Measurements may take place at one altitude (towed body flight altitude) or at two altitudes
synchronously (aircraft and towed body flight altitudes) inside or both inside and outside the
planetary boundary layer. Furthermore, vertical measurement profiles at different flight altitudes
down to just above the ground can be recorded in good visibility conditions by using a

maneuverable towed body without having to change the length of the towing cable.

[0005] Prior art

[0006] An active towed body for measurement purposes is known in the art from the
presentation entitled “Measurements of Air-Sea Fluxes with a Controlled Towed Vehicle (CTV)"
by D. Khelif et al. The presentation was published at the Ocean Sciences Meetings of the
UNOLS Scientific Committee for Oceanographic Aircraft Research during the Town Hall
Session in Portland, Oregon, USA, on 02/22/2010 and can be downloaded online (as at

11/19/2014) via the following link: http://www.unols.org/sites/defaultifiles/201002scoap 09.pdf .
The CTV in the prior art relates to a partially active towed body for wireless determination of

measurement data from the airspace. The towed body has a variety of sensors for determining
measurement data, for example meteorological sensors (pressure and temperature sensor,
hygrometer and anemometer, and sensor technology for trace gas measurements) and for
determining its position In the air, for example radar-assisted altimeters, GPS system,
navigation system and video camera. The towed body has two short wings, which can be
rotated around a radial axis and are used to change the height of the towed body in flight. The
towed body from the prior art is cylindrical and thus has an unfavorable aerodynamic design.
For flight stabilization purposes, the towed body from the prior art therefore comprises a plurality
of rigid wind deflectors. Furthermore, the towed body from the prior art has a computer-assisted

control device which comprises an automatic flight control system for independent control of the
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vertical flight position (flight altitude) of the towed body. By exclusively changing the flight
altitude, it is possible to fly over obstacles under control, but this must be controlled by an
operator on board the towing aircraft. If a maneuvered overflight is not possible, the towed body

Is taken in or jettisoned, although this poses a considerable environmental hazard and generally

leads to the destruction of the towed body.

[0007] The closest prior art to the invention appears in GB 737318 A. An active towed body is
described as an aerial target for military purposes, which can be towed through the air by an
aircraft by a towing cable. The towed body is designed to be aerodynamic and comprises a
curved fuselage both in the vertical and in the horizontal longitudinal plane (in which the
longitudinal axis x is located). This leads to a torpedo-shaped, rotationally symmetrical fuselage.
The towed body also comprises two wings and a tail fin on its tail. In this case, the wings are
designed to be delta-shaped when viewed from above and run completely flat in terms of their
cross section. The wings are arranged at right angles to the fuselage and halfway up the
fuselage (in towing mode they are therefore aligned horizontally during straight flight). When
viewed from above, the wings are arranged in the rear section of the fuselage. The towed body
from the prior art is active, i.e. designed such that it can be maneuvered and can be steered in
all three spatial directions. In addition, the wings comprise rotatable wing tips (corresponding to
ailerons), by means of which a curve inclination of the towed body can be achieved. Elevators
are also integrated in the wings and a rudder is integrated in the tail fin. All rudders are
controlied by a control device which is arranged in a unit chamber in the fuselage. The control
device Is operated manually from the aircraft, remote controlled by a base station or by autopilot
from the towed body, said autopilot serving to stabilize the position of the towed body Iin towing

mode. Furthermore, the power supply for the towed body is located in the unit chamber in the
form of accumulators. The unit chamber of the towed body from the prior art is manufactured
from solid material and comprises corresponding recesses for the control device and the power
supply. The fuselage also comprises a load chamber, which is completely filled by a parachute.
The towing cable is attached to a coupling on a jettisonable nose section of the towed body. The
towed body can be decoupled from the aircraft by jettisoning the nose section. The towed body

has gliding properties due to its aerodynamic Shape and can be landed with the aid of the

parachute.
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[0008] DE 424 378 A and DE 196 52 414 A1 also disclose means of bending the wings to
stabilize an aircraft. In these cases, however, the wings are arranged on the side of or above
the fuselage and are initially bent upwards. The displacement effect as a result of the air flowing
upwards along the sides of the wings increases the stability of the aircraft, but also results in
lower lift. US 6 640 739 B2 discloses a device for remote underwater exploration, which is
suspended beneath an aircraft as a load for transportation purposes, said device being
designed aerodynamically in such a way that it glides downwards after decoupling from the
aircraft, supported by a parachute in this process, and lands intact on the water in which it is
then submerged. In this case, however, the exploration device has a simple cylindrical form and
two straight wings placed on its upper face. US 2002/0190162 A1 discloses a towed body for
measurement purposes, said towed body comprising a fuselage which is curved in its horizontal
and vertical longitudinal planes. In this case, however, the towed body is designed to be passive
and does not have any independent maneuverability. The towed body known in the art from US
6 765 383 B1 for measurement purposes is also passive and is designed with a double curved
fuselage and has a nose boom in which various measuring instruments or their sensors are
arranged. DE 199 16 145 A1 discloses a system in which the aerofoils of an aircraft for
increasing lift and stabilizing flight behavior are each composed of a plurality of segments. In

this case, however, it relates to flow chambers which are open at the bottom and with a

narrowing cross-section.

[0009] The earlier patent application DE 10 2014 001 873 A1 is also concerned with a
maneuverable, active towed body for scientific and commercial measurement purposes and is
based on the CTV described above. In contrast, in the towed body described in the earlier
application, full maneuverability is achieved in the entire airspace. Automated, independent
circumnavigation of detected obstacles already represents a relevant safety aspect in the towed
body claimed in the earlier application, taking the pressure off the aircraft pilot to a significant
extent. However, in the earlier application, the emphasis is not on the aerodynamic design of
the towed body with optimized load holding, but on the ability to reliably switch the towed body
to a neutral flight position by means of an electromechanical malfunction module in the event of
a fault or failure of the control electronics so that it can be safely recovered by the aircraft. The

present invention relates to different aspects to the earlier application, but expressly covers the

scope of disclosure of said application with regard to other general matters.
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[0010] Scope

[0011] Based on the closest prior art in the form of the active towed body described above
according to GB 737 318 A, the object of the present invention is to further develop said generic
towed body such that it can be used for scientific and commercial measurement purposes and
can easily be loaded with a large and variable load, specifically in the form of measuring
iInstruments with associated sensor technology. However, in so doing, it should retain, or even
Improve on, its full maneuverability in airspace and its aerodynamic properties. Furthermore, the
towed body according to the invention should also be able to glide in straight flight despite its
load and be able to be landed safely in the decoupled state. This object is achieved according to
the Invention as described in claim 1. Advantageous embodiments of the invention are

llustrated in the dependent claims and explained in further detail below in connection with the

invention.

[0012] The towed body according to the invention is characterized according to the invention in
that the transverse plane of the fuselage is designed to be triangular, two upper corners being
located on the upper face of the fuselage and a lower corner being located on the lower face of
the fuselage, and the vertical longitudinal plane of the fuselage only being curved on the upper
face and running straight on the lower face, and each of the two wings being subdivided into a
small and a large segment, the small segment pointing downwards and being connected to the
fuselage in the region of the lower corner and the large segment pointing upwards and being
connected to the small segment and each small segment comprising an additional load

chamber.

[0013] The fuselage of the towed body according to the invention is designed to be particularly
aerodynamic. It is curved symmetrically in its horizontal longitudinal plane. However, in its
vertical longitudinal plane, it is only curved on its upper face, whereas its lower face runs
straight. This leads to a flow-optimized shape which is particularly advantageous for lift, but

which also provides a convenient inner chamber for accommodating loads. Furthermore, given
the triangular shape of the transverse plane of the fuselage of the towed body, the upper face of
the fuselage is designed to be broad and the lower face of the fuselage is designed to be
narrow. Loads can easily be placed in the fuselage both from above and from the side. The
loads placed in the fuselage can easily be seen from above. The triangular cross-sectional

shape of the fuselage aiso ensures good self-holding of the incorporated load, as the load is
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aligned with the lowest point of the fuselage in a self-centering manner. There is no possibility of

loads slipping in towing mode.

[0014] The wings of the towed body according to the invention are in contact with the sides of
the lower region of the fuselage, or in other words the narrow region of the fuselage on its lower
face. As a result, the wing length is longer than a wing coming into contact with the sides in the
midale of a bulging fuselage, but does not increase the span between the wing tips. In turn, as a
result, the flight properties of the towed body are improved with no deterioration in ease of
handling. Each wing is subdivided into two sections and consists of a small segment and a large
segment. The small segments point downwards, or in other words are aligned downwards. In
the chamber located beneath said segments and beneath the fuselage, an air cushion is formed
in flight which supports and stabilizes the towed body. The large segments of the wings
adjacent to the small segments point upwards, or in other words are directed upwards, with the
result that air can flow above them. This further increases the stability of the towed body due to
the resulting displacement effect. In this case, the words “pointing downwards” (directed
downwards) refer to the region beneath the towed body and the words “pointing upwards”
(directed upwards) refer to the regidn above the towed body, when said towed body is in its
active orientation in towing mode. The angles of incidence of the small and large segments are
different, and in particular, the small segments are able to point downwards at a flatter angle
than the large segments point upwards. The small segments of the wings are designed to be
thicker than the large segments, which are designed to be narrow and taper to a point. By
designing the small segments to be thicker, this provides space for additional loads in the form

of wider load chambers in the wings. This therefore further increases the total payload of the

towed body, which is now composed of the payload in the load chamber in the fuselage and the

payload in the additional load chambers in the small segments in the wings.

[0015] Preferably and advantageously, in the towed body according to the invention, it is
proposed that a rudder should be arranged in each wing to provide position control around the
longitudinal axis (x-axis) and the transverse axis (y-axis) of the towed body, and a rudder should
be arranged in the tail fin to provide position control around the vertical axis (z-axis) of the towed
body. The rudders are incorporated in the wings as wing flaps. Pivoting movements in the third
spatial axis (z-axis) are achieved In the claimed towed body by means of the rudder in the talil

fin. In total, this leads to a V-shaped tail unit with only two rudders. The towed body according to
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the invention is fully maneuverable in airspace and can in particular avoid obstacles
iIndependently or by remote control. For this purpose, it is advantageous and preferable if the
control device comprises an autopilot control device and a manual control device, the autopilot
control device also comprising a position-stabilizing gyroscope system and an anti-collision
module. The claimed towed body can avoid obstacles independently as a result of the autopilot
control device. This is particularly advantageous if the operators in the towing aircraft do not
have any direct visual contact with the towed body, for example, if the aircraft is flying above the
cloud cover and the towed body is flying beneath the cloud cover, or if the distance between the
aircraft and the towed body is very large. An anti-collision module is used to enable the towed
body to avoid obstacles independently, said module detecting obstacles by means of forward-
facing measurement sensors, transmitting this data to the autopilot control device, which in turn
converts this data to corresponding control commands for the rudders. As a result, it is possible
to safely guarantee optimum avoidance of obstacles by the towed body by combining changes
of its vertical and lateral flight position. In particular, this makes it possible to fly very low over
the ground in the vicinity of obstacles (5 m — 10 m above the surface). Accurate positionability of
the towed body with respect to the ground means that it can also be used at flight altitudes with
specific wind types, in low cloud and over complex terrain, in which there would otherwise be

strict requirements or in which operations involving a towed body have not been possible to
date.

[0016] In order to obtain measurement data, it is important to stabilize the flight of the towed
body to obtain precise information concerning the respective flight position of the towed body in
relation to the measurement data or to perform measurements requiring a constant distance
between the towed body and the aircraft (remote infrared spectroscopy, for example). The
claimed towed body therefore has a gyroscope system (gyrometer system), data from which
allows the autopilot control device to stabilize the flight position of the towed body constantly by
controlling the rudders. Oscillating movements of the towed body during towing, and also during
hoisting and veering, can be immediately compensated by the gyroscope system, which can be
designed as a redundant part to increase safety. The towed body remains in a stable flight
position during straight flight and does not roll from side to side. However, the gyroscope system

can also be manually overridden in this case. The proportion of automatic and manual control
can be adjusted. The towed body can be maneuvered by means of the manual control device,

such as, for example, to bring about precise changes in the altitude of the towed body to
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measure elevation profiles or to position the towed body exactly in relation to an object, for

example, such as the exhaust gas cloud from a cargo or cruise ship, for example.

Communication between the aircraft and the towed body is preferably achieved by means of a
wireless radio connection. During manual maneuvers, the crew on board the aircraft may, for
example, be equipped with 3D goggles and a forward-facing video system (first person view).
An operator can see the view from his aircraft and from or onto the towed body alternately or at

the same time through the 3D goggles, and then communicate accordingly with the pilot to

control the aircraft and the towed body.

[0017] The towed body according to the invention is not intended for military purposes and its
main field of application is in the measurement technology sector. In this case, it is maneuvered
by means of the towing cable and/or controlled remotely by the aircraft or remotely from the
ground or independently. Measurement data is required both for subsequent evaluation and for
the current flight operation. For this purpose, the claimed towed body must be able to receive
relatively large loads in the form of a wide variety of measurement instruments. For commercial
purposes, it is also particularly important to ensure that the loads are easy to load and remove.
It is therefore preferable and advantageous if the wings and the unit chamber are arranged in
the rear region of the towed body and the load chambers are arranged in the middle and front
region of the towed body. The unit chamber receives loads which are permanently on board the
towed body and which are used to maneuver and supply said towed body and to supply the
measuring instruments. These loads do, admittedly, also need to be maintained, but as a
general rule they remain in the towed body whenever it is used. For this reason, they may be
arranged In a less accessible position in the towed body. On the other hand, the variable
payloads should be substantially unobstructe.d and they should be particularly easy to access.
For this reason, the load chamber in the claimed towed body is located in the middle and front

part of the fuselage, which is more readily accessible. The other load chambers in the smalt

segments of the wings are also easily accessible.

[0018] This favorable distribution of load and unit chambers makes the towed body according to
the invention particularly user-friendly. User-friendliness is improved still further if the load
chamber in the fuselage preferably and advantageously comprises segment chambers that can
be removed Individually removed, said segment chambers being able to be loaded with variable

payloads. The segment chambers can be pre-equipped by the users and then simply installed in
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and removed from the towed body. A modular system with segment chambers with different
measurement equipment, which can be selected and combined as required, is feasible. The
segment chambers can simply be designed as cuboids. However, their outer contour may also
be adapted to the triangular fuselage, thus resulting in secure fixing and optimum utilization of
space in the fuselage. In this case, it is particularly advantageous and preferable if the upper
corners and the lower corner of the fuselage are rounded. This leads to a continuous triangular
shape In the transverse plane, which is externally particularly aerodynamic and internally
particularly load-friendly. Dead spaces due to sharp corners can therefore be avoided.

Disruptive turbulence vortices on the outer skin of the fuselage can also be avoided.

[0019] With a view to optimum utilization of space in the towed body, it is also preferable and
advantageous if the coupling for the towing cable is arranged in the middle of the fuselage and if
a nose boom is arranged in the tip of the fuselage, at least one measurement instrument and/or
a transmission and receiving device used to provide the wireless connection to the powered
aircraft, and/or to a ground or water-based receiving and transmitting station, being
accommodated In said nose boom. Having the coupling in the middle increases the
maneuverability of the towed body still further compared to a towed body towed by the nose.
The nose of the towed body is simultaneously free to attach and accommodate additional
measuring instruments. The nose boom located upstream of the nose tip extends uncovered
and freely into airspace and is therefore easy to use for wide-ranging observations and
measurements and for radio communications and data transfer. The load chamber located at
the front of the fuselage in the claimed towed body is thus extended beyond the nose of the
towed body. The transmission and receiving devices can be used for direct transmission of
measurement data to various stations, but also to enable the towed body to be remotely

controlled from various stations. The transmission channels can be used in both directions

(bidirectional).

[0020] Particular advantages of the claimed towed body are its large load-receiving capacity
and advantageous load arrangement and segmentation, which do not, however, reduce the
particularly good aerodynamic flight properties, and in particular the gliding flight properties of
the towed body due to the specific design of the fuselage and the wings. Due to the main field of
application, in other words using measurement technology in all variations, it is advantageous

and preferable if a variety of measuring instruments are arranged in the load chamber in the
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fuselage and in the additional load chambers in the small segments of each wing. The large
load chamber in the fuselage is particularly suited to heavier measuring instruments, which do
not necessarily require the forward-facing flight direction of the towed body, as is the case with
image recording systems, for example. The other load chambers in the small segments of the
wings have a forward-facing position. They are therefore particularly suited to receiving forward-
facing measuring instruments, which are required to detect obstacles, or measuring instruments
that perform measurements on the air flow during towing. In the additional load chambers in the
small segments, gas and/or aerosol inlet nozzles for measuring instruments may therefore be
particularly advantageously arranged to carry out trace gas or particle measurements, for

example.

[0021] As already described above, measurements are recorded for current or subsequent
evaluation for scientific or commercial purposes and for current maneuvers in towing mode by
using the claimed towed body. It is therefore preferable and advantageous if some of the
measuring instruments are used for maneuvering and stabilizing the towed body, in particular
detecting obstacles in towing mode, and if some of the measuring instruments are used to
obtain measurement data for research-oriented and/or commercial purposes. In this case, it is
preferable and advantageous if the measuring instruments comprise at least one forward-facing
iInfrared camera system, a video camera system, a laser-assisted distance measurement
system (to ensure minimum distances from the towed body at the front and at the rear), a radar-
assisted altitude measurement system, a satellite-assisted positioning system and/or a
measurement system for meteorological parameters such as temperature, humidity and wind.

These systems guarantee that the towed body can be reliably positioned under all weather

conditions. A pivotable video camera in the aircraft represents a further safety aspect. This can,
In particular, monitor the towed body and display said body on a monitor that can be seen
clearly by the pilot in the aircraft. The towed body can be monitored in both external and internal

views from the aircraft or from other stations in conjunction with FPV.

[0022] The unit chamber in the claimed towed body specifically holds the control devices
required in towing mode, whereas the load chamber is particularly reserved for measuring
instruments for research and investigation purposes. The power supply for the various
measuring instruments and control devices on board comprises accumulators and a generator

to charge the accumulators in towing mode. The accumulators, which may advantageously be
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powerful lithium polymer accumulators with a long service life, are preferably arranged in the
unit chamber. The generator may preferably and advantageously be designed as a brushless
generator with an external rotor designed in the form of a folding propeller arranged on the tail
of the fuseiage, the propeller being driven by the air flow in towing mode. In this case, the

generator Is advantageously arranged at the end of the fuselage in which the unit chamber is

also located in the claimed towing body.

[0023] Finally, it is ailso advantageous and preferable if an emergency parachute system is
arranged in the fuselage of the towed body. In the event of the towed body being disconnected
from the towing aircraft, an emergency parachute is activated and assists with automatic or
manual rescues. As a result, it is possible to guarantee a safe landing of the towed body, which
already has particularly good gliding capability, and thus minimize the risks to individuals on the
ground. It Is thus possible to prevent personal injury and damage, especially damage to the
sensitive measurement cargo, or even the loss of the entire towed body. The towed body is
usually only disconnected from the aircraft in an emergency, if, for example, it is no longer
possible to fly around an obstacle that has suddenly appeared or if essential functions in the
towed body or the entire power supply have failed. The emergency parachute system may be
arranged in both the unit chamber at the rear end of the fuselage and in the load chamber in the
front or middle part of the fuselage or in the additional load chamber in the small segments of

the wings of the towed body. It then has a correspondingly positioned ejection opening.

[0024] The towed body according to the invention can also be appropriately referred to using
the acronym "MANTAS”, meaning “maneuverable active new towed atmospheric system” and
has the following properties at the very least:

e The towing cable can be up to 4000 m long.

e Power is supplied by means of lithium polymer accumulators.

e The brushless generator for charging the accumulators can be driven by a folding

propelier as an external rotor on the tail of the fuselage; charging mode during towing is
possible.

e MANTAS is controlled around its longitudinal and transverse axes (x, y) by means of
wing flaps, and around its vertical axis (z) by means of a rudder on the tail fin.

e |tis maneuvered by means of servo motors which can be controlled by a separate

gyroscope system. Inherently stable straight flight of the towed body is guaranteed.
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MANTAS can also be maneuvered from the towing aircraft, for example by FPV (first
person view) with a camera system (3D goggles).
MANTAS has an active flight control system and uses sensor technology to ensure full
maneuverability and obstacle detection with avoidance function (FLIR thermal imaging
camera, video, laser range finder).
It uses an emergency parachute system to allow the towed body to be rescued in the
event of a malfunction if the towed body needs to be disconnected from the aircraft.

MANTAS can carry a variable payload including a complete meteorological sensor

package due to its segmented load chamber.

[0025] As a result of these properties, MANTAS has a range of special advantages:

The special aerodynamic design of the fuselage and wings means that MANTAS can
generate considerable inherent lift and is able to glide.

MANTAS displays inherently stable straight flight qualities at pre-defined altitudes and is
not affected by external interference.

MANTAS Iis able to execute safe operations on the surface (10 m above the ground).

MANTAS allows measurements to be performed in poor visibility conditions (fog, low
cloud).

MANTAS makes it possible to carry out exact measurements in parallel with the aircraft
at two altitudes and also in the air column between the aircraft and MANTAS due to the
constant stabilized distance between the aircraft and MANTAS (cuvette measurement).
MANTAS Is able to scan small-scale areas three-dimensionally as an active towed body

by means of active positioning.

MANTAS operates with obstacle detection and automatic avoidance function which is
only imited by the length of the towing cable. Its inherent maneuverability prevents
collisions and allows data to be recorded over difficult terrain.

MANTAS has a high load capacity and distributes units, measuring instruments and

other loads in an optimum manner between the fuselage and the wings. User-friendly

load segmentation is possible.

[0026] Possible fields of application for MANTAS include the following by way of example:
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e ship emission measurements (short-lived climate forcing poliutants) and measurements
of other emissions, e.g. methane turbulence measurements in the planetary boundary

layer with respect to the interaction between the ocean, sea ice and the atmosphere.
e Profile measurements for trace gases, aerosols and hydrocarbons.
e Simultaneous measurements inside and outside the boundary layer.
o Measurements in regions which are inaccessible or only accessible with difficulty, e.g.

over sea ice, in coastal regions and investigations on orographic or volcanic clouds.

e Commercial applications such as measuring exhaust gas clouds from industrial
accidents, measuring radiation as a result of nuclear accidents, detecting land mines,
search and rescue operations over complex terrain, detection of local sea pollution,

exploration of oll and gas deposits.

[0027] Examples of embodiments of the invention
[0028] To facilitate understanding, the towed body according to the invention and its
advantageous modifications are explained below in further detail with the aid of the schematic

drawings (not to scale). The individual drawings are as follows:

Fig. 1 IS a perspective overview of the towed body,
Fig. 2 IS a front view of the towed body,

Fig. 3 IS a side view of the towed body, and

Fig. 4 IS a view from above of the towed body, and
Fig. 5 shows payload segmentation in the towed body.

[0029] Fig. 1 is a perspective view of a towed body 01 according to the invention, showing its
active and aerodynamically shaped design (Cartesian coordinates system x: longitudinal axis, y:
transverse axis, z: vertical axis). The towed body 01 comprises a fuselage 02, two delta-shaped
wings 03 when viewed from above, and a tail fin 04. The fuselage 02 may consist of a plastics
material, for example carbon fiber-reinforced plastics, but may also consist of a lightweight
metal material. The drawing illustrates a rudder 05 on each wing 03 for position control around
the longitudinal axis x and the transverse axis y of the towed body 01 and a rudder 06 on the tail
fin 04 for position control around the vertical axis z of the towed body 01. The wings 03 are each
subdivided into a small segment 07 and a large segment 08. The small segment 07 and the

large segment 08 are arranged at an angle to each other such as to create a bending line 33,
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further embodiments will be evident from the description of Fig. 2. Furthermore, a unit chamber
09 is provided in the rear region of the fuselage 02 and a load chamber 10 is provided in the

middle and front region of the fuselage 02.

[0030] Moreover, an additional load chamber 11 is located in the small segments 07 of the
wings 03. Various measuring instruments 12 are located in the additional load chamber 11.
Trace gas and/or aerosol inlet nozzles 13 (on the left and right sides of the fuselage
respectively), leading to the measuring instruments 12 for trace gas or aerosol measurements,
are illustrated on the left and right on the front face of the small segment 07. In addition, the
towed body 01 comprises a nose boom 14, in which measuring instruments 12 and/or
transmission and receiving devices 32 are also located. A detachable coupling 30 for a towing

cable 31 can also be seen arranged in the center in Fig. 1.

[0031] Fig. 2 Is a front view of the towed body 01. In this view, the triangular transverse plane
15 (y-z plane) of the fuselage 02 can be seen with its two upper corners 16 and its lower corner
17. Rounded corners 16, 17 are shown. A wide upper face 18 of the fuselage 02 is created
between the two upper corners 16. A tapered lower face 19 is formed in the region of the lower
corner 17. In the region of the lower corner 17, the two small segments 07 of the wings 03 are
arranged such that they point downwards. The large segments 08 of the wings 03 point
upwards and are attached to the small segments 07. An aerodynamically favorable bend 20 is
formed In each wing 03. The smali segments 07 and the large segments 08 are arranged at
different angles in this case. The small segments 07 point downwards at a flatter angle than the
large segments 08 incline upwards. The trace gas and/or aerosol nozzles 13, nose boom 14
and the tail fin 04 are also illustrated. The load chamber 10, shown as a rectangular design and
adapted to the transverse plane 15 of the fuselage 02 in the illustrated embodiment, is also

shown. The load chamber 10 is loaded with measuring instruments 12.

[0032] Fig. 3 is a side view of the towed body 01 (the reference numerals that are not
mentioned should be taken from the previous figures). A curvature 21 of the upper face 18 of
the fuselage 02 can also be seen in the vertical longitudinal plane (x-z plane), whereas the
lower face 19 of the fuselage 02 is not curved and runs straight. In addition, a small segment 07
and a large segment 08 are illustrated with the rudder 05 of a wing 03. The tail fin 04 with the

rudder 06 can also be seen. The load chamber 10 in the front and middle region of the fuselage
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02, the nose boom 14 and a trace gas or aerosol inlet nozzle 13 are shown. In the illustrated
embodiment the load chamber 10 is designed to be rectangular and is subdivided into individual
segment chambers 22. Various measuring instruments 12 are located in the individual segment
chambers 22. A folding propelier 26 can be arranged in the tail 34 of the fuselage 02 to drive a

generator to charge the accumulators.

10033] Fig. 4 is a view from above of the towed body 01. A symmetrical curvature 23 is
llustrated in the horizontal longitudinal plane (x-y plane) of the fuselage 02. The pointed taper of
the fuselage 02 towards its tail 34 can be clearly seen. These two design measures make the
towed body 01 more aerodynamic. In the view from above, the design of the small segments 07
and the large segments 08 of the wings 03 can also be clearly seen. Servo drives 24 for the
rudders 05 are shown in the large segments 08. The tail fin 04 with the rudder 06 and
segmentation in the load chamber 10 and the unit chamber 09 can be seen. The small
segments 07 comprise the additional load chambers 11. The view from above clearly shows
how the additional load chambers 11 supplement the load chamber 10. Measuring instruments
12 are arranged in the front region of the load chamber 10 in the illustrated embodiment. In this
case, some of the measuring instruments are used to navigate the towed body 01 and some
measuring instruments are used to record measurement data for scientific or commercial
purposes. Additional measuring instruments 12 are located in the front region of the additional
load chamber 11. An emergency parachute system 25 is arranged in the rear region of the

additional load chamber 11 in the illustrated embodiment. Various units 27 used to control and
supply power to the towed body 01 are located in the unit chamber 09 between the two, for

example a control device 28 with an autopilot control device with a position-stabilizing

gyroscope system and an anti-collision module, as well as a manual control device and a power
supply 29 with chargeable accumulators, including a generator which is driven by the folding

propeller 26 on the tail of the towed body 01.

[0034] Fig. 5 shows the towed body 01 again, this time as a schematic longitudinal section (x-z
plane). The load chamber 10, which is adapted to the contour of the fuselage 02, can be seen.
In this case, the load chamber 10 is subdivided into individual segment chambers 22 which can

be installed and removed, and also loaded and unloaded, individually. The unit chamber 09 is

attached to the load chamber 10.
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[0035] The towed body 01 according to the invention may, for example, have the following

technical dimensions:

[0036] Length of fuselage 3,000 mm
10037] Wingspan 2,800 mm
[0038] Maximum fuselage height 289 mm
[0039] Maximum fuselage width 446 mm
[0040] Total weight 150 kg
[0041] Measuring instrument load capacity 90 kg
[0042] Load chamber volume 90 dm’

[0043] Maximum length of towing cable 4 000 m
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[0045] List of reference numerals

01 towed body

02 fuselage

03 wing

04 tail fin

05 rudder position control, longitudinal axis, transverse axis of 01

06 rudder position control, vertical axis of 01

07 small segment of 03

08 large segment of 03

09 unit chamber

10 load chamber

11 additional load chamber

12 measuring instrument

13 trace gas and/or aerosol inlet nozzle

14 nose boom

15 triangular transverse plane of 02

16 upper corner of 15

17 lower corner of 15

18 upper face of 02

19 lower face of 02

20 bend in 03

21 curvature of 18, vertical plane

22 segment chamber

23 curvature of 18, horizontal plane

24 servo drive for 05

25 emergency parachute system

26 propeller on 34

27 unit

28 control device (with autopilot control device with gyroscope system and anti-
collision module and manual control device)

29 power supply (with accumulators and generator)

30 detachable coupling for 31

31 towing cable
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transmission and receiving device
bending line between 07, 08
tail of 02
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Claims
1. Aerodynamically shaped, active towed body (01), which can be towed through the air

using a towing cable (29) by a powered aircraft, at least with a fuselage (02) curved along its
vertical and horizontal longitudinal plane with a unit chamber (09) in which at least one power
supply (29) and one control device (28) are arranged, and a load chamber (10) and with two
wings (03) arranged in the rear region of the fuselage (02) and with a tail fin (04) with rudders
(05, 06) that can each be adjusted by the control device (28) and with a coupling (30) for the
towing cable (31),

characterized in that
the transverse plane (15) of the fuselage (02) is designed to be triangular, two upper corners

(16) being located on the upper face (18) of the fuselage (02) and a lower corner (17) being
located on the lower face (19) of the fuselage (02), and the vertical longitudinal plane of the
fuselage (02) only being curved on its upper face (18) and running straight on the lower face
(19), and each of the two wings (03) being subdivided into a small and a large segment (07, 08),
the small segment (07) pointing downwards and being attached to the fuselage (02) in the
region of the lower corner (17) and the large (08) segment pointing upwards and being attached

to the small segment (07), and each small segment (07) comprising an additional load chamber

(11).

2. Towed body (01) according to claim 1,

characterized in that
a rudder (05) for position control around the longitudinal axis (x) and the transverse axis (y) of

the towed body (01) is arranged in each wing (03) and a rudder (06) for position control around

the vertical axis (z) of the towed body (01) is arranged in the tail fin (04).

3. Towed body (01) according to either claim 1 or claim 2,

characterized in that
the control device (28) comprises an autopilot control device and a manual control device, the

autopllot control device also comprising a position-stabilizing gyroscope system and an anti-

collision module.

4. Towed body (01) according to any of the preceding claims,
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characterized in that
the wings (03) and the unit chamber (09) are arranged in the rear region of the towed body (01)

and the load chamber (10) is arranged in the middle and front region of the towed body (01).

5. Towed body (01) according to any of the preceding claims,

characterized in that
the load chamber (10) in the fuselage (02) comprises individually removable segment chambers

(22) which can be |loaded with variable payloads.

6. Towed body (01) according to any of the preceding claims,

characterized in that
the upper corners (16) and the lower corner (17) of the fuselage (02) are rounded.

/. Towed body (01) according to any of the preceding claims,

characterized in that
the coupling (30) for the towing cable (31) is arranged in the middle of the fuselage (02) and a

nose boom (14) is arranged at the tip of the fuselage (02), at least one measuring instrument
(12) and/or a transmission and receiving device (32) being arranged in said nose boom to

provide a wireless connection with the powered aircraft and/or with a ground or water-based

receliving a'nd transmitting station.

8. Towed body (01) according to any of the preceding claims,

characterized in that

various measuring instruments (12) and/or transmission and receiving devices (32) are

arranged In the load chamber (10) in the fuselage (02) and in the additional load chamber (11)

In the small segment (07) of each wing (03).

9. Towed body (01) according to either claim 7 or claim 8,

characterized in that
some of the measuring instruments (12) are used for maneuvering, detecting obstacles in

towing mode and stabilizing the towed body and some of the measuring instruments (12) are

used to obtain measurement data for research-oriented and/or commercial purposes.
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10. Towed body (01) according to claim 8 and claim 9,

characterized in that
trace gas and/or aerosol inlet nozzles (13) for measuring instruments (12) are arranged in the

additional load chambers (11) in the small segments (07).

11.  Towed body (01) according to any of the preceding claims, 7 to 10,

characterized in that

the measuring Instruments (12) at least comprise a forward-facing infrared camera system, a
video camera system, a laser-assisted distance measurement system, a radar-assisted altitude
measurement system, a satellite-assisted positioning system and/or a meteorological

measurement system.

12. Towed body (01) according to any of the preceding claims,

characterized in that
the power supply (27) at least comprises accumulators and a generator.

13. Towed body according to claim 12,

characterized in that
the generator is designed as a brushless generator with an external rotor designed in the form

of a folding propeller (26) arranged on the tail (34) of the fuselage (02), the propeller (26) being

driven by the air flow in towing mode.

14. Towed body (01) according to either claim 12 or claim 13,
characterized in that

the accumulators are designed as lithium polymer accumulators.

15. Towed body (01) according to any of the preceding claims,
characterized in that

an emergency parachute system (25) is arranged in the fuselage.
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