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INTRODUCTION

Unmanned tethered rotor platforms differ in their dynamics from manned helicopters of the same size because of
the strong influence of the tethering cable on the dynamic behaviour of the system.

Dornier has developed such a piatform system, the operational Kiebitz: which will soon be ready for multiple pro-
duction.

In the case of using tethered rotor platforms on a‘ship as for example the SEA-XTEBITZ (fig. 1}, a modified

form of the operational Kiebitz, further dynamic problems arise from the movement of the ship which causes strong
disturbance of the system of tethering cable and Kiebitz at Tow altitudes. Based on a brief explanation of

the system, its structure, its function, and its equipment the standard mission phases are analysed.

The main flight characteristics of the system are described in these phases. The operational 1imits of the system
will be shown and explained, Possible ways to realize an optimum system configuration are discussed, with special
regard to the landing. '

THE SEA-KIEBITZ SYSTEM
The SEA-KIEBITZ system comprises (fig. 2):

- Carrier and radar

- Tether cable and winch drum on deck

- The deck landing pad with protecting cover

- Airborne unit monitoring and control panel

-~ Radar Control and Display unit. Radar information may alsc be presented on ship's tactical display

Fuel supply and data to and fros the carrier and radar are provided via the tether,
The carrier is a rotor supported platform with torgue froe blade tip drive and an automatic flight control systen.
The platform is controlled in a fashion similar to a helicopter in pitch and rell and by deflection of turbine ex-

haust gases in yaw, The cable tension is automatically controlled by using the collective pitch and by the power
management of the turbine. ‘

The SEA-KIEBITZ can be aperated from the small landing platforms of pon aviation ships or FPBs in mouerately
high seas. :

SCA-KIEBITZ with a‘speciai radar is capable of almost tripling the radar horizen of current ships and of extending
their surface surveillance capability by almost tem times (fig. 3).

The performance of currant on board missile guidance or target detection equipment is severely limited by the
height of masthead aerials. )

The strike range of medium range missile systems is therefore limited.
Thanks to ils mission height of 300 metres, the SEA-KIERITZ extends the radzr horizon to approximately 60 km or 35 ni

For example, a FPB.equipped with SEA-KIEBITZ will bz able to overleok the entire sea area of the Kestarn Baltic
fros coast to coast.

SEA-KIERITZ with for example a FEERANTI SEASPRAY radar could provide 24 hour surveillance over th2 horizon even
in aaverse we2ather conditions without the problems of a data link, and readily inzegraies with existing ships’
weapons systems.



SEA-KIEBITZ may be deployed from ships and alsa from those vesscls that are too small to support a helicopter, and
greatly enhances their offensive capability. ’

- Some specifications of the carrier and the radar are listed in fig. 4.

The main supposition for all SEA-KIEBITZ activities was to use the carrier of our operational KIEBITZ without changes
in its hardware and the structure of the controller {F possible. *

MAIN MISSION PHASES

The main mission parts of a SEA-KIEBITZ operation frem a ship are

~ rotor start

~ take-off and ascending to mission heights of about 300 m, pulling up the tether cable by a controlled
tether tension

- surveiilance at mission altitude for 24 hours maximum
- hauling down and landing on the deck
- rotor stop

Analysing these operations the environment in which they take place must be considered. The probiems created by the
motion of the ship and its landing platforn (which may be very restricted in size), the relative wind and the air
turbulence around the ship must be discussed in relation to their effect on the perfermance of the platform.

In relative wind from ahecad, the airflow around the ship and its superstructure in the vicinity of the landing
platform, is variable and complex in charzcter and depends on the type of ship. It has not yet been conside-
red for the landing cases analysed here because too few data were available.

DYNAMICS OF THE SYSTEM

As said before unmanned tethered rotor supported platforms are differing in their dynamics from manned helicopters
of similar size because of the strong influence of "the {tensioned) tethering cable. Beczuse of their configuration
and their flight performances required by their cargo as for example special radars, tethered helicopters drones
tike the KIEBITZ can be looked at in some other way as manned helicopters.

Only a few dynamical aspects cf the SEA-KIEBITZ shall be presented here with special regard to the landing.
Because it is there that the actual problems of tethered rotor platforms operated from moving vehicles arise.

Fig. 5 shows three time histories of simslated SEA-KIEBITZ flights at a mission height of 300 m. The system is
disturbed by a horizental headwind step gust of 5 m/sec at the beginning of the flights. The comparison of the un-
controlled tethered and untethered flight may show the strong influence of the tensicned cable. The pitch attitude
time history of the untethered {light shows the normal osciilatory divergent long term response of the hovering
helicopier. The curve of flying tethered under the same assumptions shows a similar initiai pitch respense of the
platform. But after about 1,5 sec the tension force of the tether cable increases and declines according to the
tether cable curve, It forms 2 pitch moment and tries to turn back the helicepter against the gust-induced pitch up
rotor monent.

The most important and characteristic factors that determine the dynamics of the SEA-KIEBITZ-tether cable system
are the own natural frequencies in the rotatorial and translatorial axes of the helicopter, Weot and Wy ESPE-
cially under consideration of the ship's pitching, heaving and rolling. v I8 much rore critical than Yrot because
of the ship's roll mode at moderate sea state. The cause is that the ship can roll with the same freguoncy - and
ustally ships roll at their own natural rcll freguency - as the own natural translatoriail frequencies of the
SEA-KILZBITZ are. This is the case when the drone is hauled down and approaches the deck to a distance of only a

few meters for landing-on, or if it is opzrating at very low aititudes..For frigates the roll period can ba tzken

to be 8 # 10 sec, FPBs roll more quickiy.



Fig. 6 shows in which way v, depends on some of the main parameters inflvencing KIEBITZ dynamics, as the cable
length (]cable)' the rotor thrust {PA)’ and the distance of the platform CG to the tethering point, 1,.

PA is a function of the relative wind, the available power and the commanded velue of the cable tension force,

if tethering cable tension is controlied. The relative vertical wind results from the hauldown speed and the ver-
tical gusts,

The moments of inertia do not influence the own natural translotorial frequencies but the rotatorial freguencies

as shown in fig. 7. Fig. 7 shius w0 = (1 pvae Pas 12 200 2o = const). w o mainly depends on the rotor thrust
P, and the moments of inertis in the pitch and roll axes. It Timits therefore the maximal utilizable P, because

of the cyclic pitch frequency boundary.

Considering these parameters, the equations and data of the automatic controller, the rotor system, the actuators
and the envirunmental factors, it is possible to get optimum configurationzof the platform-cable system.

To discuss these problems mathematical digital and hybrid simulation models of the SEA-KIEBITZ have been derived
from the models of our operationel KIEBITZ. Complete SEA-KIEBITZ operations from ships canm be simsrlated, including
the ship and the interaction of ship and helicopter through the tethering cable.

The wave induced wotions of ships are statistical and related to those induced by a random sea. In the simulation
models they are assumed to be harmonic. They are functions of the significant wave height and the heading angle.
For the simulations, the ship has been assumed to be moving at constant heading and speed with respect to the
seaway and the prevailing wind and wind direction. The motions of the ship are restricted to heave, pitch and roll.

Physical interaction of the ship and the rotor platform occur through the tether cable and in addition, by the
ship's perturbation of the winZ velocity profile. The cable tension force is considered in the aircraft model
but not the airflow around the ship. The madel of the helicopter is a 6-DOF-unsteady model, including a model
of the automatic controller and the actuators and 2 model of the tether cable.

Fig. B shows some simulation results of digital simwlated flights at Tow 2ltitudes to get an optimum configuration.
For selected heavy ship moticns and several Jow flight altitudes resp. czble lengths, the cunstant rell attitudes
induced by the ship's rolling are plotted over 1. The Jeft figure is plotied for z. = const, the right figure

for z¢ + 1, = const, that means Ix and Iy = f{1:}. Fig. 10 shows the time history of one of these simulated
flights.

These results may show that there are ways to get optimum dynamics by discussing the influe of the most in-
portant dypamical parameters of a tethered helicopter like the SEA-KIEBITZ.

HAUL DOwN PHASE

The dynamical behaviour of the SIA-KIEBITZ and therefore the safe flight envelopes in the phase of hauling down
depends on the haul down spesd, the ship motions, the relative horizontal and vertical wind and the resulting rotor
thrust under consicderation of the cable tension force control. It depends too on the reduce of sink rate before on-
set and the touch down rate.

Fig. 11 shows safe flight- , take-off- and landing-envelopes for the tethered SEA-KIEBITZ in the case of a
German FPE (5143}. The take-off and mission flight envelopes are satisfactory but for landing on the deck the
maximal roll amslitude is linited to 0,2 m. For the landing envelope it was assumaed that the sink rate is 2 to 3
m/sec and that the touch dotn velocity must be very small bacause of the safe structural loads of the landing
gear of the KIZE}TZ. The hzul down envelope could be exiended by decovpling the moving of the tethering point
on the deck from the ship's moving, for example by & roll-stzbilized lending pad 25 shown in fig. 2.



The cause for the strong restrictions of the permissible roll attitudes of the ship is the coincidence of the fresuer:
of the ship's rolling and the translatoria) own natural frequency of the platfors-tether cable-system in flight reighes
stme meters above the deck as discussed before. If the ship rolls too hard the platform is disturbed too uch by the
oscillating tension forces of the cable which in addition is much more deflected from the vertical than inm higher
#ltitudes, Fig. 12 shows a2 haul down and too big rol) attitudes of the SEA-KIEBITZ which are caused by the ship's
roiling.

-

The cable tension depends on the ship motions, the haul down speed and the way of controlling haul down speed.

In some recently completed investigations we have tried to find out the best landing procedure and so to extend
the landing envelops, by increasing the haul down velocity and the onset velocity, by diminishing more gquickly the
sink rate before touch down and by controlling the haul down velecity relatively to the sea level to maintain the
cable tension forces at constant values.

The haul down velocity resp. the rate of descent of the SEA-KIEBITZ showed to be limited by the following reasons,

- the influence of the relative horizontal and vertical wind en the system of tether cable and votor platform

- the flight idle of the ifurbine which is used in the XIEBITZ and which delivers the compressed air for the
torque frec blade tip drive (even at flight idle) and the electrical energy for the automatic flight con-
trols, the rotor controls with actuators, the yaw controls and the cable tension control {2s said before
descent and landing-on by autorotation will not be discussed here)

- the flutter boundaries and the beginning of the vortex ring state.

Fig. 13 shows the sink rate capability of the aircraft as a function of the relztive horizontal wind.

Based on these results and the Timits of rotorthrust, haul down simulations show that the landing procedure
can be improved and the roll boundaries can be extended. As fig. 12 shows the rotor platform SEA-KIERITZ can
utilize higher rates of desceat at lower levels of relative horizontal‘winds,

In general it can be shown that thes capabilities of a tethered landing rotor platform to stand higher roll
arplitudes of a ship or FPB, tan be broadened by & quick haul down at high rotor thrust and a relative high on-
set velucity. The average rotorthrust should be less at low altitudes above the landing pac because of the
coincidence of the translatorial fregquency of the tethercable-platform pendulum and the ship's roll fre-

guency but in the contrary it should be high or even increased at this altitude because of the limited touch
down speed.

Fig. 14 shows a time history of the variables of motion of a simulated {6DOF) SEA-KIEBITZ quick haul doun cpera-
tion for landing en a FPB. The boat is moving according to sea state 4 at 5 Beaufort headwind. The sigrificant
wave period is about & sec, the significant wave height is 2,15 m, ship speed is 15 knts and the relative head-
wind is about 30 kn.

CABLE TENSION CONTROL

It has been shown before how landing dynamics of tethered rotorplatform like the SEA-KIEBITZ can be in-
fluenced and improved by the dynamical important parameters and by seeking an optimum landing procedure.
But as pointed out before there is still aznother way of improving landing.

If the haul down speed is constant relatively to the sea level the disturbances of the platform induced by the
czble tension can be minimized. There are quite good results if 2 shipside cable teasion ccntrol can be realized.

A selected and commended tension of the tether cable is maintained at a constant value during ship motion and under
landing tension by comparing the actual to the selected tension. The resulting error signal is vtilized to

drive a .hydrostatic transmission which maintains the selected tension within rarrow limits by turning a winch dru-.

The cable tensicn causes noticeadle centering characteristics of the landing helicopter.



CLAZLUSTONS

Tre Janding platform motions of SEA-KIEBITZ capable ships in moderately high seas have a very strong effect on
the safe landing capability of tethered rotor supported platforms.

C;:{fJn dynamics during the langing procedvrc can be realized by an optimum configuration, by a high haul down and
to.zn dwon speed and by controlling the cable velocity and tension,

Tre rotor stop ard start 1imits under considerztion Of the airflow around the ship have nrot been discussed here but
they are as important as the landing envelope and may too restrict the operational freedom of the ship.

B.t only trials on a moving landing platform and later on actual sea trials cou}d validate the calculated opera-

ticnal limits.
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