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http://www2.theiet.org http://lwww.space.t.u-tokyo.ac.jp http://lwww.sorae.jp http://space.skyrocket.de http://www.usef.or.jp/
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10x10x2cm? 10x10x10cm®  50x50x50cm3 60x60x60cm3 1x1x3md 2x2x4m3 2. 5x2. 5x8m?
200g kg 50kg 100kg 3x3x3m3 3x12x4m3  40x40x20m3
450kg 1750kg 2800kg
B s e
RN IR th RE
Femto Pico Nano Mini Smal | Medium Large
712 [l

0.1/EH 1{EM 10{EHM 100{2H 3001EH

AOETIE Microsatellite = 10~100kg
Nanosatellite = 1~10kg
Picosatellite = 0.1~1kg
Femtosatellite = 0.01~0.1kg 3



Number of satellite launched per year
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Small satellite launch trend

Owners of small satellites (1~50kQ)

2003~2012 2003~2014
No. of (Owned/Collaborated) Satellites Less

Proliferatio_n than 50kg (2003-2014)

W USA(40)

¥ Japan(23) & USA (210)

“ Saudi Arabia(8) & Japan (40)

“ China(6) “ Germany (13)

“ Germany(5) M Russia (12)

“India(5

B I: IIE;L)) & Argentina (9)
aly

u CIS(4) & Canada (8)

u Argentina(3) & Saudi Arabia (8)

& Canada(3) & Denmark (7)

“ Denmark(3) “ Italy (7)

26 countries _
45 countries

BINEEEICS AT HEHNEM _
Source: Kyushu Institute of TechnOlogy
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Small satellites 2 3 8
Traditional 14 10 11
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X*a—2JH vk (CubeSat)

o 10cmEBEA(I TH R TEZTIZZEELL

e FH(POD)IZANTHAYYMZIREE
— O yhEl DB #i%

o Xa—THYFRERDAI—FVNBRNHS 3U

e~

1.5U Skeleton 20 Skeleton 3U Skeleton
CAD Model RevD  CAD Model RevD CAD Model RevD

http://ccar.colorado.edu/asen5050/projects/projects_2013/
Naik_Siddhesh/Cubesats.html
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BN RFEERR
Planetlab (US) B

Spire (US) BEREA—H—TIELL, T4
Skybox Imaging (US) o TJON\AFELTHOE O RAA
Pumpkin (US)
Tyvak (US) —
TOtIJILAR—X (JPN)
X/ EF (JPN)
Astroscale (Singapore)
ClydeSpace (UK)

ISIS (Netherland)
Gomspace (Denmark)
Sequoia Space (Columbia)
Cubespace (South Africa)
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o AlIS(Automatic Identification system)5{E(Z KA HRRAD 1B B

http://www.sstl.co.uk/Missions/exactView-1--EV1---Launched-2012

Exactview constellation (B 7F4%) 7HOFHEIZLKDIVATL— 3y
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Y
http://oneweb.world/#solution

http://spacenews.com/intelsat-asks-fcc-to-

650 150kg satellites in LEO block-spacex-experimental-satellite-launch/
(800km and 950km) 4000 100-to-500kg satellites in LEO
Airbus (650km)
Virgin Galactic Google
Intelsat AHAVRTFL—gy  10f8RIL(=1200f2M) 3H =
5{EK)JL(=600{2 1) 5f:E Internet ch )
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E—HAaVRTFL—3Y
{5 : OrbComm

NP7/ WWW.sULriews. corry cyi-oiryaispiay_imayge.cqi?1908629056

*Mass 46kg,

*1m diameter, 16.5cm thick, 0.21m?3
*150W (BOL) (GaAs solar cell)

35 Satellites in 740 to 825km

*6 orbital planes

o5 life years

*FM1, FM2 Launched in April 1995
*Others launched from late 1997 to
late 1999

*Bankrupt in 2000

*Second generation to be launched
from 2010
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17

http.//www.orbital.com



FolHMaRATFL—3Y
e TRANSIT (1960s)

— 46 Satellites from 1959 to 1988

— Position determination of US Naval Ship (nuclear
submarines)

— 55kg each
— 1100km altitude

‘¢ Credit APL

18

http://lwww.aero.org/publications/crosslink/spring2010/08.html  http://en.wikipedia.org/wiki/Transit_(satellite)
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Iridium Satellltes

http://www.wcclp.com/designimgs/iridium_overview?2.jpg

19
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Cross-link 777 M EREDTTF

(10Mbps)

http://svescapevelocity.blogspot.com/2009/12/iridium-communications-satellite-et.html
20
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BEE—HKAVRTL—avidkBLE-on?

Established Companies Feeling ‘Déja Vu' on
Mega-constellations

by Dan Leone — April 15, 2015

The low Earth orbit constellations planned by upstarts
OneWeb and SpaceX have garnered comparisons to the
1990s space-telecom bust.

Space News April 15, 2015

22
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http://claudelafleur.qc.ca/Spacecrafts-2004.html
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US style

www.csaen g | neer | n g .com http://www.nasa.gov/centers/ames/news/2013/NLAS-ready-for-flight.html|

25



Indian Style

SARAL

NEOSSAT

PSLV C-20 (2013) PSLV C-9 (2008)
https://www.utias-sfl.net/NLS-8/?p=130 http://www.skyscrapercity.com/showthread.php?t=434074&page=17



European Style

http://smsc.cnes.fr/MYRIADE/GP_lanceurs.htm

27



Japanese style

kogata_eisei_hosyutu

28
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http://en.wikipedia.org/wiki/Pegasus_(rocket)
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e AVATL—LavDEAE T LEIFIZER. Oy
& THES

o HIEIZLTHIEMIC 717U/7“|7ql zbé&béyb\

Fig. 14.8. ORBCOMM FM1, FM2, and MicroLab mating to Pegasus XL.

http://en.wikipedia.org/wiki/File:ORBCOMM _integrated.jpg

How to adapt the satellites into the fairing effectively 20



New Style

Rideshare Payload Configurations

Large fairing capacity
for multiple small sats

NASA Ames Payload
Adapter and Deployer
(PAD)

PAD can carry:

24 1-u Cubesats

or a combination of
1-u, 3-u, 6-u, and 12-u
Cubesats

http://www.parabolicarc.com/2013/01/26/ors-university-of-hawaii-team-up-on-new-small-satellite-launcher/

Launch 250kg to 400-km Dedicated launch!
Debut in 2014 from Hawaii 31



New Style

http://www.virgingalactic.com/launcherOne/performance-and-specification/

Dedicated launch!
225kg to low-inclination LEO

100kg to Sun-synchronous orbit
10M$/launch 1kg 4405 11 32



R &L

RELPYLEYTHERD B REIIERERES (ITU) TEFRE
BEREGLENTEL

— BINIFERLEASEBREBERLASEREL
RlREEFE TIC

— PIYF1T7EEF2E

B EF AT

— JET N F AT EIRFSE
- BINIFEEORERAY DV 2a—ILEYENZELY

/N 2 0] 1 B & D Bl SR = iR

AHAVATL—2av[ClEIZEIYE TS

& A E

A IE (R L@/ EFHEDIFER



[& iK%
ITU Grapples with Small-satellite Reqgulatory
Challenge

by Peter B. de Selding — March 13, 2015

Small-satellite Submissions Skyrocket

100

Advance Publication of Information 89 We are rea"v now not sure if

80 — submissions to the International & ~ _  any such special regulatory
Telecommunication Union rose regime should be created.

OB IR I8 2097 2 98 n 2964, There is no definition of what
a small satellite is and if
| understand the results we
have heard, maybe there will
never be one.”

Yvon Henri

‘03 "04 "05 "06 07 '08 09 10 M 12 13 M

Sowrce: ITU SPACENEWS GRAPHIC

Credit: SpaceNews/Lance H. Marburger

Space News, March 13, 2015
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Four panels // 0.20
§ normal to sun » 0.15
-~ 0.10
= = -
= |k 0.05 ]
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£ - — Six panels
O : :
tumbling
0.1F :
L _ |
7 | Nano Micro ‘
1 t I} 1 1 ! 1 | ] ll ly“ 1 3 1 ] ! 1 1
1 10 100

Side length (cm)

Fig. 23.1. Orbit average electric power for a cubical solar- po“ue(l spacecraft in LEO
as a function of side lc1wth The solar collection efficiency 1__is the solar-array energy
conversion efficiency times the surface coverage fraction for each side. This illustra-
tion assumes a 40 min Lchpse in a 100 min or hn with an array-output-to-bus-power
conversion efficiency of 70%. The mass classifications along the bottom are based on
an average spacecraft (lensily of 1 g/em’.

) Small Satellites: Past, Present and Future
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Shannon’s theory ;
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g2 N

T | L T L | I | JA I O TS0 £ FLE | T T 1 1111+

GEO Moon

1000 W 4

100 W

1,000

LRLALLL ITUIﬁT T

100
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Fig. 23.8. Data rate as a function of range for different spacecraft isotropic radiated
powers. Frequency is 2 GHz Small Satellites: Past, Present and Future
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SlIlOC — 122_ 100
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500 km altitude

A: LD ;K EFE ~500nm
D: LXNOF
o: FE N fEEE

L: HhERE T IR

| 50cm

I I -
i _ultraviolet E‘visible i infrared o |
0.1 T | T | 1 1 N YO Ll R
0.1 1 10
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D

Fig. 23.6. Diffraction-limited ground resolution as a function of wavelength for 1, 2, 5,
10, 20 and 50 cm diameter primary optics at a range of 500 km.

1cm
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2cm

5cm

B 10 cm

Ground resolution (m)

—_

Small Satellites: Past, Present and Future

L=400km. A=500nm. D=0.5m™T0.5m
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Integrated Solar Array and Reflectarray Antenna

Use deployable solar panel also as a reflector for communication

http://www.nasa.gov/directorates/spacetech/small_spacecraft/isara_project.html



EE Rk

Mission Suooess
{if launched suocesslully) 0
f 9
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2002 2005 2006 2008 2009 2010 2012 2014
Sy arv I DIER (<10kg) HAROREFRZEDIVI IV E KR

(Bouwmmeester et al., 2010)
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Small, Micro, Nano, Pico satellites EE>T=-FEU AL TLNED
M

|IAA Study Group 4.18 “Definition and Requirements of Small
Satellites Seeking Low-Cost and Fast-Delivery”

— Lean Satellite



[.ean satellite

Lean Satellite& &, EIAR - EMIAE D AR T —LTERT H7=0HIZ, KL
[FEGO-VRVHFBRRDRFAR - IR—VAVNFEZRAVSEETHS,

A lean satellite is a satellite that utilizes untraditional risk-taking development and
management approaches to achieve low-cost and fast-delivery with a small

number of team.
Large m size | Pico

HEXBI DS X T LB
YA BFE

N

BEaX - 5ZREAD =6
DIPEREFELZDH VAT
LERAFES A ILi1BTE

ean
satellite
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What is “lean”?

http://the6thfloor.com/2013/02/24/body-fat-vs-lean-muscle-mass-part-4/

It is not “lean” or “fat”

92



What 1s “lean?

* The origin of the word “lean” = &,

— Toyota Production System by
Taichi Ohno in 11978

— Just-in-Time, Kanban, Kaizen, etc

pPIFEEHRN

RARDBEEHELT
KEH—%

Jle 1

Taichi Ohno (1912-1990)

https://parts.olathetoyota.com

Taiichi
Ohno

Japanese (original) and English
versions are both available via

TOYOTA PRODUCTION SYSTEM Kindle format in Amazon

Beyond Large-Scale Production
53



What 1s “lean?

o Best-seller book “The machine that changed the
world” (1990) by a MIT research team

— Investigated why Toyota was successful in spite of downfall of Big-
Three US auto-makers, e.g. GM, Ford, Chrysler

— Named the manufacturing process of Toyota as “Lean

Manufacturing”
— From “Mass production” (Ford, early 20t Century) to “Lean
Production”
e | BEoRFEA——E
crat Weapon in the Giobal Car B SEETE
THE s
MACHINE V— M J5 DS,
THAT 1 DHBER
CHANGED | =%%
THE i
WORLD -
5

54
English (original) and Japanese versions are both available via Kindle format in Amazon



Lean manufacturing

o “Making the vehicles ordered by customers in the quickest and most
efficient way, in order to deliver the vehicles as quickly as possible”.

http://www.toyota-global.com/company/vision_philosophy/toyota_production_system/

Goal: Highest Quality, Lowest Cost, Shortest Lead Time

Continuous Flow Stop and notify
of abnormalities
Takt Time

Pull System Separate human

work and
machine work

| | |

i Standardized :
Heijunka Work Kaizen

Toyota Production System “House.”

55

http://www.lean.org/Common/LexiconTerm.cfm?Termld=353



Lean principle

* The idea of “lean” has expanded from “lean manufacturing”
to “lean development” and “lean enterprise”

The

Principles of
Product

Development

FLOW

Lean Product and
Process Development

BANISH WASTE
AND CREATE WEALTH IN
YOUR CORPORATION

Second Generation

Insights from
MIT's

Lean Aerospace
Initiative

James P. Womack
and Daniel T. Jones

Authors ol Fae A,

aachine 1 Rar £ hanged the Wonld

2002

56



Systems Engineering and Lean

o Systems Engineering which grew out of the space
Industry to help deliver flawless complex systems is
focused on technical performance and risk
management.

e Lean which grew out of Toyota to help deliver quality
products at minimum cost Is focused on waste
minimization, short schedules, low cost, flexibility, and
quality.

 Both have the common goal to deliver system lifecycle
value to the customer.

From “Lean Enablers for Systems Engineering” by Bohdan W. Oppenheim, Earll M.

Murman, and Deborah A. Secor, Systems Engineering, Vol 14, No. 1,2011, pp.29-55 57
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Standards, regulation and law

Standard (FE2#E)
Regulation (¥38I])

Law
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Photo: Asahi Shinbun
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Observation of Indian Ocean Tsunami (Credit: NASA) Sea height monitoring
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NASA / MODIS (Terra) Image Acquired May 17, 2010
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