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Nanosatellite Revolution

— Sputnik shock => Gagarin shock =>Man on the moon => CubeSat shock?

— Globalizing and Internationalizing ORS Standards and Technology (GIST)

— PnP spacecraft architectures accelerate modularization and standardization

— Advances in nanosatellite technologies, developers, and missions

— Strong demand for an affordable nano and micro-sat dedicated launch vehicle
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Nanolaunch capability is critical to the sustaining the
Innovation wave in nano-space
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The Small Satellite Market: 2000-2009
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Number of Attempted Small Satellites Launches: Yearly Launch History:
2000-2009 for 1-500 kg Satellite Class 2000-2009 for 1-50 Kg Satellite Class
Source: SpaceWorks Commercial Source: SpaceWorks Commercial
Global Small Satellite Launch Database Global Small Satellite Launch Database

Long term forecasting (2010-2014) indicates growing market for launch services

More detailed paper to be presented at AIAA Space 2010 on market assessment:
J. Depasquale, et al, “Analysis of the Earth-to-Orbit Launch Market for Nano and Microsatellites,” AIAA
SPACE 2010 Conference & Exposition (Session 002-CS-1, 03:00pm, 30 August 2010).

Notes:

*The database contains all attempted launches. Unless otherwise indicated all data points mentioned below refer to attempted launches.

«It should also be noted that the number of satellites launched may not equal the number of launches in any given year since many satellites are multiple-manifested (i.e. more than one
satellite on a particular launch).

*Many times in this presentation, the term “launch” or “launches” may refer to the number of satellites launched (even though they may be multiple-manifested).
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ZNanoLauncher
Dedicated Nanosatellite Delivery to Low Earth Orbit

suborbital orbital
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7 NanolLauncher vision

— Develop a customer-oriented, dedicated small payload launch
service that is robust, reliable, and scalable to service an
underserved niche of the launch market

— Orbital (NanoLauncher Black), Suborbital (NanoLauncher Blue)
— Air-launch offers potential interesting launch and range
capabilities
— Initial launch site in U.S. with potential for global expansion
— Use lessons learned from past incomplete programs

— Base system on mostly existing elements wherever possible
(aircraft, rockets, payload integration), evolution of technology

— Design to general capability and not requirement (“flexible path”)
— Leverage other development projects (aircraft, range, avionics)

— International partnerships to allocate overall risk over multiple
parties, leverage best range, global customer marketing

— IHI Aerospace (IA), SpaceWorks Commercial, USEF, and CSP Japan

Note: SpaceWorks Commercial, a division of SpaceWorks Engineering, Inc. (SEI) is registered with the U.S. State Department (DDTC) as an exporter of defense services and as a broker, SEl is in the process of
obtaining a Technical Assistance Agreement (TAA) for the NanoLauncher project
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SpaceSpike-1 and 2:
Solid Rocket Elements of NanoLauncher
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- NS-520 NL-520 SpaceSpike-1 SpaceSpike-2
Total Length 8.0m 9865 m 10.7 m 127 m 54m 10.0m
Diameter 052m 0.52m 0.52m 0.52m 0.52m 0.52m
Weight 2.1ton 2.6 ton 2.9ton 3.4 ton 1.2 ton 3.2 ton
Stages 1 2 2 4 3 3
Ground Launch Air-Launch

Current Capability Capability A Capability B
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Candidate Air-Launch Carrier Aircraft Options

— Various candidate aircraft are being examined with various
rocket combinations

— Factors of lease versus buy options and applicability to orbital
and suborbital missions

Final aircraft + rocket combination under assessment
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NanoLauncher Black (orbital):
SU-27 + SpaceSpike-2

NanoLauncher Trajectory Profile:
SU-27 + SpaceSpike-2 Configuration

] 9| D (5 NanoLauncher Black (orbtial)
Preliminary Capability (payload to LEO):
SU-27+ three-stage SpaceSpike-2

/Nannlaunchar
Final aircraft + rocket combination under assessment
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NanoLauncher Blue (suborbital):
F-104 / F-15 D + SpaceSpike-1
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" NanoLauncher Blue (suborbital)
Preliminary Capability (time above 100 km):
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Final aircraft + rocket combination under assessment
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Payload Accommodation

Current Standards Future Standards

= P-POD, NPSCul, RocketPods, SPL, ISIPOD, A-POD = Next generation P-POD (1U to 6U+)

» Independent Japan systems (T-POD, PHS, X-POD) = Nanosatellite Launch Adapter System (NLAS)
0 L »

Sounding Rocket 2 P-PODs loaded on NL-520 Multi-Launch Concept
Payload integration

A. Minimum Service Concept B. Full Service Concept

m Payload-Provided Launch Vehicle-Provided

ﬁ Separation System Separation System
/

/\s'—'l 4 | 3 4
s Power & :

Déployment Telemetry
Signal Only
International cooperation on standards is key, fully treating nanosatellites as
primary payloads may unlock greater mission capabilities

Payload-Provided
Separation System
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Technology Development:
BO Motor

— Used to accelerate the NS-520 and the NL-520 to subsonic velocity
— Static firing test was successfully conducted in 2010
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Technology Development:
Miniaturized and Low-Cost Avionics System

— Proactive use of COTS components/parts including
semiconductor relay and MEMS
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GN & C 8
Data Acquisition and Telemetry 11 N Prototypes of Miniaturized
Power Control and Supply 8 and Low-Cost Avionics

. L RT & Command 19
Flight Termination

Power Supply 6

TOTAL 52
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Roadmap: IA Rockets to

NanoLauncher Service
FY2008~FY2009*% FY2010 FY2011 FY2012 FY2013
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Note: ¢ Japanese fiscal year: from April 1 to March 31.
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NanoLauncher Summary

— The nanosatellite wave will be an important force in the 215t century space
launch environment (Historical and anecdotal evidence indicates growth)

— Adedicated NanoLauncher for such satellites is currently being designed to
service such a market
— The NanoLauncher is air-launch nano-satellite orbital payload delivery system

— Based upon multi-stage derivatives of ISAS/JAXA’s S-520 solid rocket coupled with an
existing aircraft

— Potentially for nano and micro satellites orbital delivery
— Secondary missions for suborbital payloads
— International partnerships with private companies and institutional bodies is
deemed to be a key strategy for overall risk reduction, global operability,
schedule reduction and customer marketing
— Status

— On-going technical and economic design proceeding (aircraft and rocket
combinations including F-104, F-15D, SU-27, and F-4),

— Customer pricing forthcoming

— Solid rocket hardware and avionics development in Japan

— Systems integration analysis and business development in the U.S.
— Open to discussions with customers on payload accommodations
— Open to discussions with potential risk-sharing partners

www.nanolauncher.com



NanoLauncher

www.hnhanolauncher.com

IH I AeroSpace }QSF’E’C‘EW‘&';E?HM dﬂ"P /,cspjapan

A.C. Charania
SpaceWorks Commercial , a division of SpaceWorks Engineering, Inc. (SEI)
1701 K St. NW, Suite 750, Washington, D.C. 20006 U.S.A.; +1-202-503-1752

ac@sei.aero

Seiji Matsuda, Nobuhiro Sekino, Kazuhiro Yagi, Yasunobu Segawa
IHI AEROSPACE CO., LTD.

900 Fujiki Tomioka-shi Gunma Japan; +81-274-62-7684
matsuda-s@iac.ihi.co.jp

Takayoshi Fuji

Institute for Unmanned Space Experiment Free Flyer (USEF)
Kanda-ogawamachi Chiyoda-ku, Tokyo Japan; +81-3-3294-4834
fuji@usef.or.jp

Hideki Kanayama

CSP Japan Inc.

2-2-2 Uchisaiwai-cho, Chiyoda-ku, Tokyo Japan; +81-3-3508-8105
kanayama@csp.co.jp

www.nanolauncher.com



mailto:ac@sei.aero
mailto:matsuda-s@iac.ihi.co.jp
mailto:matsuda-s@iac.ihi.co.jp
mailto:matsuda-s@iac.ihi.co.jp
mailto:fuji@usef.or.jp
mailto:kanayama@csp.co.jp

