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Space Tethers Will Play a Key Role:
The Project of Japan Will Be A Critical Step

LEO Space Elevator, also

called “Bridge to Space”
by Lockheed Martin
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Comparison with a conventional wind turbine
Cross-wind, rigid wing and ground based generator
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GE 2.5MW series Ampyx Power 4 series
Rated power: 2.5MW Rated power: 2.5 MW
Rotor: 62.000 kg Tether: polyethylene (~300 kg)
Nacelle: 82.000 kg Airframe: carbon composite {~2.500 kg)

Tower: 162.000 kg Avionics: state of the art design
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Fig.1 Makani powertt The M600 energy

kite (600 k Wfk) (21 Nov 2016)
https://x.company/makani/journey/
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Ampyx Power

Ampyx Power and the PowerPlane®
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AIRBORNE WIND ENERGY CONFERENCE 2017 Freiburg, Germany 2017/10/5-6

HSWG(High Sky Wind energy Generation) on tethered system

Hironori A. FUJII[1][2], Hiroshi OKUBO[3], Yasutake TAKAHASHI[4], Yusuke MARUYAMA[5]
Tairo KUSAGAYA[6], Shigeo YOSHIDA[7], Kazuo ARAKAWA[7], Hiroki ENDO[1][7],

Kenji UCHIYAMA(S8], Kazuichi SEKI[9], and Takeo WATANABE[3]

[1]TMIT & Co., [2]Tokyo Metropolitan University, [3]Kanagawa Institute of Technology,

[4]University of Fukui, [5]Maeda Corporation, [6]Tokyo Metropolitan College of Industrial Technology,

[71Kyusyu University, [8]Nihon University, [9]Tokai University
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*span:4.5m
» Chord length:2.1m
* weight:1.8kg

+ 0.6m*0.6m*2 (6kW)
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High-Sky Wind Energy Generation on a Tethered System

Hironori A. Fujii', Hiroshi Okubo?, Yasutake Takahashi®, Yusuke Maruyama*, Tairo Kusagaya®, Shigeo Yoshida®,
Kazuo Arakawa®, Hiroki Endo'-®, Kenji Uchiyama’, Kazuichi Seki®, Takeo Watanabe?
'TMIT - Tokyo Metropolitan University, 2Kanagawa Institute of Technology, * University of Fukui, *Maeda Corporation,
5Tokyo Metropolitan College of Industrial Technology, ®Kyusyu University, ”Nihon University, 8Tokai University

We propose a tethered system for airborne wind energy
generation utilizing high and steady wind power over the
canopy of the ground wind boundary layer (HSWG).

The system employs a straight blade type windmill lifted
to higher altitudes by an inflatable kite. The mechani-
cal energy generated by the windmill is transferred to the
generator on the ground by means of a tether loop con-
necting the rotational axes of the windmill and the gen-
erator. A wind tunnel experiment is conducted to exam-
ine the energy transfer efficiency of the tether system and
the performance of the phase 1.5 windmill model: diam-
eter 0.6 m x span 0.6 m x 2, which is expected to pro-
duce a power of 6 kW. The model is operated at 120 m al-
titude in a wind velocity about 1.5 times higher than on
the ground. Flying in periodic figure-eight patterns the
apparent wind velocity doubles. The model is expected
to produce thus about 30 times larger wind energy gen-
eration with respect to the usual on ground operation of
0.2 kw.

Transfer efficiency of energy through tether system is
very important for the present tether system and torque
transfer performance is tested in the wind tunnel test. It
is seen from the result that the tether tension has much
effect on the slipping characteristics at the rotation pulley
of both the windmill and the generator. The mechanism
under investigation is expected to have energy transfer
performance of up to 70% and finally 90%. Field testing
to float the phase 1.5 windmill model with a kite started
in 9 March 2017 and further field demonstration for the

phase 1.5 windmill is now in the planning. Results will be
presented at the conference accompanied with those in
recent study.

Wind tunnel test of phase 1.5 of HSWG at Kyusyu University (Test sec-
tion 3.6 m x 2.0 m) Windmill (diameter 0.6 m x span 0.6 m x 2) at
the upper right is connected through tether to the generator on the
lower left (13 September 2016).

References:

[1] Hironori A. Fujii, Hiroshi Okubo, Yusuke Maruyama, Tairo
Kusagaya, and Takeo Watanabe, "Airborne Wind Energy Genera-
tion on Tethered System'. Proceedings of WWEC2016 TOKYO C36,
University of Tokyo, Japan, 2 November 2016.
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