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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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Lunar Tethered
Satellite concept
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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 kq)
Nacelle: 82.000 kg Airframe: carbon composite (~2.500 kg)

Tower: 162.000 kg Avionics: state of the art design
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©MakaniPower CA  Aircraft 200-1000mCircle 8m 20kW
2013Google 28m 600kW prototype, 65m 5MW
©Joby Energy CA 2MW Adircraft circle

Kite power (TUD)  (20kW(2012), 100kW-1MW, 24h (DCP)
©AmpyxPower (NL 5.5m, 6kW(15kW max), 35m 2MW @)
©Kite Gen (Italy 3MW Stem @
©Guangdong Tech. (China IMW)
©Sky sale power (Germany 250kW 1MW 3.5MW QOCP

Swiss kite power (Swiss 10kW OCP @ &)mm) Twing Tec
©Kite Gen (Italy SkW (40kW MAX) 4.5m/s ground 3MW @)

Twing Tec (Swiss 100kW)

EnerKite (Germany 30kW, 100-500kW, @)

e-Kite (NL 50kW GG Low altitude @)

Kitemill (Norway )

KU Leuven

Universidad Carlos I1I de Madrid (Spain ~ (DCP)
©Kite energy (Italy O0WatUCSB @)
©HSWG (JPN 1MW)

NTS (Germany @®
KiteGen Research (100kites with 500m? 1500m radius 1000MW 12m/s)

Altaeros Energies (Aerostat,
©Mnidea

HSWG (JPN 20kW)
LadderMill (TUDelft 20.2kW) - Kite power (TUD)



Fig.1 Makani powertt The M600 energy

kite (600 k W#%) (21 Nov 2016)
https://x.company/makani/journey/




AmpyxPower

Technology roadmap
Compete with coal at commercial introduction in 2017

An.l b XPowerﬁ .I

2013 2014 2015 2016 2017 2018

AP-2A - Current prototypes, 5.5m
WHIRE PowkK VW
Propulsion

Launch & land :
Ongoing research projects to support AP-3.and AP-4
development (offshore, arctic 8 desert)

+ AP-3A - Full functional ‘demonstrator’, 10-12m wingspan, 250k%5tmg
Conceptual Func. g;lg Detailed Manu & Retrofit
phase design : design facturing  Enhanci to
Project development ng Demonstration parks commerc
ial wind
farms

AP-4A - Commercial PowerPlane, 30-40m wingspan, 2-3MWipytput
Func. Prel. foines Manu &
'desigr -~ design design facturing Enhancin
Market & project development - 9 Market introduction
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Rod Read

Windswept and Interesting Limited

15a Aiginis, Isle of Lewis, UK HS2 OPB
http://windswept-and-interesting.co.uk

Top: Kite

Ground
Generator
\,

e
L




[ - (X772 8)

(SHE: & AlioR)

HEFT 7 1 = PTTESE

=

e -

=) RAR Y N p:
DEEE

(143, 000ke)
Rl R S 30~ 40%

- KRS

A%
5~10% (W —H .
BHAZ )

TR 72 B
i N | A=Y S A 5 %)
15RE R HE

(H AN Fxea)
/N D D EHR ] BE
100~1000m
2. bMw

(8, 400ke)
60~70%




= 22 JE ) 3 AT AT
« 201538 16-17THP 1 (7x—X1) RAEE (I=X)
« 2015F3A30B%F 1 BethaiE (HARAEKES
- 2015 8A17-21H P 1 HBERBRERAER (T=X) \ -
- 201511 26 HE2EI A% (R HTiTeE) o
« 201618 4-6HEAER (TEX)
e 20165 1H815-228P17 4 — /L FF R b (&) TRIK)
« 201638 11HFE3MAeHFSE (EIKX)
« 201643813-14BP 1. 5 (200w#k) REHEAEE (T=X)
« 2016F5A8218P17 4« — L F TR MEFRIELOME (BFA. BRI KX)
«2016F6A1HP 1. 5 FILUIEEEER ()| X)
« 2016 7H13HP 1. 535054 X8 —RiTa8 (BHA. &RIKX)
« 2016 8 A3-bEP 1. b F¥—mEHEE (MK X)
« 201698 11-14HP 1. b HREEEREAERRE (SLMK)
« 201698 15H B4 FESE (FLMK)
« 2017F3816-17THE 5 EehesE EREMAFELMF v > /IX)
« 2017108 5-6 HAWEC(Airborne Wind Energy Conference)2017 (Freiburg)
« 2017411 812-15HP1+ &P157 4 —IL KT X b (BT 54A K —BEE)
« 20171283 - 10HEAER (T=X)
« 2017% 12 A8HFB6AIeFESE (RIFHMEE)




FF—REHRBORL

|||||||

=N =1t.

5 L\%l—

- TH —%|[D

H““H““”!!ﬁli“ R R

Fu]u Lab gtory

518 % i
N““ | “ “_%3\ SRR % R

ER A

= . = [
- =2 )

R FEE

VAN

p—

* JH|

——
e i = 0

!
1
3
i -
-
x
[P
e
o
- . -
= ’ o o

A:

ai)"—-l'

Y Al

Hi)‘-—-rﬁbo

siEg

-rLiﬂv,_l:LJE

L, ReME R,

- THY—%[o
ﬁUEa.

L.



s fmF AEROHEEH (i)

TH—RENDRETCIIERPVGERNDEILIZ IS TE2ZENHEFELIDT
HREF AR/ BZKEL
— A% Y7 — A% Y7 TH—H
INEY R\ B KN E = ZEEE
JEL B {E &
th E10m S310mRE S380mERE B S500mETRE
1 [ R & 7€ BB [&l 7 &L B REA T 0hr
2m/s 0.7% 4.4% 15.3%
3m/s 4.4% 16.4% 37.3%
4m/s 11.4% 32.1% ———557"
EFEEIE: 10m/s(AybA 2 &R AM/ s YT O REE25m/s)
o () & NEHREIRLLTOREEIXEEDIF(ZLLHIET S

BEaEROHERIIL—)—
FLEDERE TOI7AILIERE=E D% (a=0.2)

D (VAT IR EK=2)

iEARENRILETNIL, #FEE

==E=1
== =]

= (X IEF FAEICLEH T D,




BARETILOOIKW)REa YT MR X T 4
(FERTITEARY RBIEWEFR 2mXx 2maER)




NV (0.2kW) BRI EER
(LI A= Fﬁﬁﬁﬁ%ﬁf'%ﬁﬁ 4 mx 2mfER)




2017%E2H6H
BHKFE
NRF ¥ /XA
7777k
B3R 4.3 [m]




2017411812-150 7:x1—X1+& 7x—X15 74— KFZ K
]

\.131'7'6'

747

CIJJL‘

EBEMERT 74K

~







FEDHITAT
fith ¢ T ILF —Hia
IZE L 7-BEOREEE &L
KA, HIRE, EE > waERos

2. HAOLTEME > BEfEzoiEh
ﬁﬁmﬁoéﬁmagﬁ

3. EmABESHNE

e

NU-102 XA FE
)T EMRMEH, T L —F % F
AT-BBNRANREEE

I ARAE AN B3t TEE 19K B AR B
(1978%F) WHEM T X |+

B EE - BIEMO20kWEE (56 R BERA)



