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Introduction

Among the Airborne Wind Energy concepts Magnus based airborne wind energy systems uses rotating cylinders as aerostat. The rotating cylinder when exposed
to wind flow produces a lift force, described as Magnus effect. The Magnus based aerostat have a high lift coefficient which is supplemented by lighter than air
capabilities, and have a naturally robust design. The aerostat following a predefined trajectory leads to the development of high traction force in the tether
which in turn is used to drive the generator and produce electricity.

Magnus Effect Control Strategy

Guidance strategy Control of tether length
* We apply the guidance strategy given in [5], * A PID controller K; is used in order to follow
and another gain k,, to obtain a constant the radial position Tty through U acting on
k .
W|dth trajectory nref — r_n . the W|nCh actuator.
t

* The response time for this control loop is set to
be faster than the variations of other forces in
order to get an efficient production cycle.
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b m (Fy b Vb) Reference and state variable for tether length (1, Simulated output power during production and
where, _ _ T'iref), tether tension T, angular speed of the Magnus recovery phases with a comparison with a
1 —r q rotor (wcyll wcylref) , and yaw angle (y, Yref ). simplified static model Pgiatic -
wp=| T 0 -—pl,and
F,, represents Body forces acting on the ABM and is given by Comparision of Power Curve based on static model of a Magnus-based AWE system with that of
a conventional Wind turbine (1.5MW).
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W, : Weight in Body Frame, p: Roll rate, I;/ ey o porane o cune Loyd cond. , , | ,
F,, : Bouyant Force, g: Pitch Rate, 35| / -~ AVESt P Phas.e Il: I\/Ia>f|mum traction force is reached, 104
F.. : Rope Force, r: Yaw Rate, Al / ——— AWES2: 1000m* Power curve | continues to increase.
- / e Produtien Phase Ill: Maximum speed of the generator is
{xp — yp — zp}: Body frame of ref., B: Elevation angle, AWES2: Recovery ' P 8
{x; — y; — z;}: Inertial frame of ref.  m: Azimuthal angle " reached.

By modifying Surface (S.,,;), Maximum Tension
(T,,4x), @and Maximum Power(P,,45), the shape of
the power curve can be adapted according to the
distribution of the wind speed at the site.

Static Model

* Theoretical Power produced during production phase (P,,,4) as proposed by [3] Loyd
(1980) and refined in [4] Argatov et al. (2009)
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1 V,, COS C . v, COS : : o
Pprod — §P4Scyl ( < 3 (ﬁ)) C; (C—L) y Tprod = < ; (ﬁ); Reel-out speed Conventional Wind turbine : 1.5MW
D VA | | | | , AWES;: S.y; = 500 m?, Tygx = 8e5 N, Ppgyx=4 MW
* Theoretical Power consumed during recovery phase (P,...) 0 5 10 15 2 25 30 35 40 AWES,: S,,; = 1000 m?, Ty = 8€5 N, Ppox= 4 MW

1 wind speed (m/s)

Prec = EpScyl(va) cos(B) + Trec)*Corecfrec » Trec: Reelin speed

+Estimated Power produced in one complete cycle (Pcycrc)
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