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ABSTRACT

Coordination of Multiple CubeSats on the Dnepr Laurch Vehicle

Simon Lee

Picosatellites (CubeSats) have become a sourceawiing for students in a
multidisciplinary environment. Students experietice satellite development life-cycle
from design, manufacture, integration, and tesbwever, a critical component in the
life-cycle is on-orbit operation. As CubeSats betp mature, the CubeSat Program
needed frequent launch opportunities to providdestts with this component of the life-

cycle.

After the successful launch of CubeSats on the ¢kato launch vehicle,
coordinated by the University of Toronto on June 3003, it became apparent to Cal
Poly that in order for The CubeSat Program to ebfeequent launch opportunities it
could not rely on connections with a primary s#&ll Cal Poly assumed a central role to
pursue launch opportunities through a joint-effgpproach to fund a launch campaign.
To support the launch campaign a launch coordinats needed to develop processes
and system engineering tools that can be usedufaref launch campaigns. These tools
must focus on maintaining a high level of safetyhe vehicle and other satellites while

maintaining the highest degree of success for @tleSats.

This thesis outlines the program flow, governmeegutations, and issues
encountered during the launch campaign; includimg processes, methodology, and

systems engineering tools that were developed totaia the program and resolving



issues. Various methodologies and items that dtbeedecisions are outlined. In
addition, recommendations and lessons learneduftndr refinement from the results of

completing each milestone in the launch campaignraniuded.
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Introduction

1.1 The CubeSat Program
The CubeSat Program began in 1999 at Stanford hiiyeby Professor Bob

Twiggs and California Polytechnic State Universitigh Professor Jordi Puig-Suari [18]
The vision of the CubeSat Program is to providevactost platform, rapid development,
to train students as responsible engineers in tndssmultidisciplinary environment.
Since its inception, the CubeSat Program has becamerldwide program that is
comprised of over 80 universities, government oigtions, and private companies. All
of the institutions developing CubeSats must follitne CubeSat Design Specification
(CDS) set by Stanford University and Cal Poly Staméversity [18].

The program enables rapid satellite developmentallyswithin two years. This
responsive schedule allows students to be involrethe entire life-cycle of satellite

development as follows:

Determine mission requirements

Design, analysis, and testing

Manufacture, assembly, and quality control
System level integration and testing
Launch vehicle integration and launch

Satellite tracking and operations



1.2 The CubeSat Design Specification & Poly-Picosat ellite
Orbital Deployer
The CubeSat Programs vision of providing a platféwmall universities to access

space affordably and achieve responsive satelligrams requires a different approach
to develop satellites. The CDS was developed asyafor any university to develop
CubeSats for educational and research purposes. CDI& provides basic external and
internal standards for a satellite to be recognased CubeSat.

A CubeSat fundamentally is a structural cube wifltrd on each side and a
maximum mass of 1kg as described in Appendix Ahe©DCubeSat requirements include
but are not limited to center of mass requiremengstrictions (i.e. pyrotechnics),
machining tolerances, specific component placemgetsswitches and spring plungers),
and minimum activation and deployment times. THhegsic requirements are used to
increase mission success of all CubeSats. Thegaireements offset the risk of
inexperienced satellite developers while makingeascto space affordable for any
university. Figure 1 illustrates a typical isometof a cubesat along with a CubeSat

developed by Cal Poly.



Figure 1: Isometric CubeSat (Left), Cal Poly Cub8at - CP1 (Right)

The Poly-Picosatellite Orbital Deployer (P-POD)ustrated in Figure 3, was
designed to be safe and reliable method to deplicgetCubeSats from a launch vehicle.
The driving metrics in the design was the safetthefvehicle and satellites, simplicity of
interface, adhering to the CDS, and optimizing magke overall design makes the P-
POD versatile in its placement and seamless imtiégsface to the vehicle. The following

design decisions were implemented to follow thesests.

Enclosed Aluminum Structure: An enclosed design serves two purposes. The
first purpose is to protect the vehicle and sagésdlfrom any CubeSat structural
failures or deployments. The second purpose &t@s a faraday cage to protect

the vehicle from accidental transmissions fromGubeSats.

Space Qualified Release MechanismThe release mechanism is a critical area

of concern not only for mission success but for shéety of the launch vehicle



and satellites. This high risk single point falus reduced significantly by using

release mechanisms with significant flight heritage built-in redundancy.

Standard Interface to the Vehicle: Six interface bolts are used to interface with
the vehicle. These interface bolts can vary ie simd locations on the P-POD,
increasing the mounting configurations. A simptteiface reduces the time

needed for safety analysis and manufacturing caxiplaures for a vehicle.

Smooth Flat Internal Surface: The interior of the P-POD reduces the
probability of a CubeSat seizing onto interior pustons. This is a safety
concern for the vehicle; otherwise, a CubeSat nmay itself attached to the P-

POD or create debiris.

Extensive Testing of the P-POD Engineering UnitsP-POD Engineering units
are identical to Flight P-POD units. Engineeringtsi are not considered for
flight status due to the extensive battery of tegtiAll modifications are qualified
through the development and testing of an engingetinit. A P-POD
Engineering unit must satisfy inspection after ctetipg NASA GEVS

Qualification random vibration profile illustratéa Figure 2 [2].



Figure 2: NASA GEVs Qualification Level profile

Extensive Testing of the Integrated System: A rigorous testing plan is
completed on the Flight P-POD pre and post Cub@&8agration. Prior to
integration the P-POD undergoes vibration testin@=0% launch environment
profile for the Dnepr vehicle. Post integratiore tR-POD undergoes vibration
testing at 100% launch environment profile. Théentzh provider can be assured

that the entire package can safely withstand the@mment of the launch.

Figure 3: Solid Model of P-POD MKII (Left), Manufactured P-POD MKII (Right)



1.3 History of Launch Opportunities
There are a variety of launch opportunities avédldbr large satellite programs.

For the fledgling CubeSat Program, limited fundimggxperience in arranging launch
opportunities coupled with government regulatiomsate a difficult environment to
materialize a launch in the early years. Expegemnas gained as the CubeSat Program
tried different avenues to procure launch oppotiesi These avenues of experience
ultimately led to Cal Poly coordinating a launch foultiple CubeSats to obtain a self-

sufficient option of launch CubeSats.

1.3.1 Launch Broker: One Stop Satellite Solutions (  OSSS)
Coordinating multiple universities and overcomimhg tureaucracy in exporting

satellites is a daunting task for any universityake on, therefore, a launch broker was a
logical solution to the problem. One Stop SatlBolutions (OSSS) was a private
company founded in 1996 and its headquarters watdd in Ogden, Utah with 15 years
of experience at the Center for AeroSpace Techyo{GA\ST) located aWeber State
University [14]. The company was noted for its cesgsful launch of a cluster of
satellites JAWSAT on a US Minuteman in January 20Dg. Their mission was to
provide their customers with a low cost and higlalqu small satellite platform for an
effective access to space. The CubeSat Programdlewm the experience of OSSS in
launching clusters of small satellites in 2000. SSSrovided the CubeSat Program with

resources and experience:

An affordable launch cost for each CubeSat

Years of satellite design and manufacturing expeae



Experience with university satellites

Organizing small satellites in the relatively nesalm of cluster launches
Provide launch capability into Low-Earth-Orbits (QE

Facilities that universities could use to test litgehardware

Experience with governmental regulations in regéodsatellite import and export

issues

Over the next few years overhead costs and unfiessinability to meet
additional funding needs caused OSSS to fall int@nfcial difficulties leading to

bankruptcy.

What worked:
Invaluable connections and promotion of the Cub&agiram to universities and
launch companies
Launch contracts were signed

Satellites were ready to be delivered

What didn’t:
The CubeSat Program cannot support a launch btb&erelies on most of their
funding from university programs

The overhead of a company in addition to the engdsy



1.3.2 University Coordination: Eurockot Launch
Due to frustration of disappearing launch oppotiasianother approach to obtain

a launch opportunity was enacted by the Universityforonto Institute for Aerospace
Studies, Space Flight Laboratory (UTIAS/SFL). THeggan coordinating a CubeSat
launch opportunity to ride as a secondary withrgdasatellite. UTIAS/SFL had already
arranged a launch by the Canadian Space Authonitthe Eurockot vehicle, an SS-19,
due to its development and manifested microsaelMOST (Microvariability and
Oscillations of Stars) [13].

To move forward on this opportunity UTIAS/SFL argaa CubeSat launch
partners with Aalborg University, Denmark Technitaliversity, University of Tokyo,
Technical Institute of Technology of Japan, andnfatal University/Quakefinder
Corporation. Cal Poly provided two P-PODs and memdl assistance. Figure 4
illustrates the foreign CubeSats ready to be iatiegk into Flight P-POD MKI provided

by Cal Poly.

Figure 4. Three CubeSats at University of Torontdo be integrated into P-PODs MKI



The launch occurred on June 30, 2003. The codrdmand launch were a
success and the P-PODs successfully deployedualkttellites. Though three out of six
CubeSats were not operational in orbit this fiestrich of the CubeSat Program proved

many things:

CubeSats can be designed and manufactured witbiyears
Scientific experiments can be performed in thisdéad form factor
Rapid coordination and launch of multiple univeesitcan be done with CubeSats

The P-PODs gained flight heritage

With this first launch for the CubeSat Program aeotquestion now loomed.
When is the next available launch? For one of lgssons that was learned by
UTIAS/SFL is that you need to “Make it Real” foll ahiversities [13]. However, since
one of the factors for success was due to a preggcalaunch this begs the question can

a university coordinate another launch withouteapranged launch?

1.4 Launch Opportunities are a Necessity: Dnepr Lau nch
Campaign
Organizing the launch campaign by Cal Poly cameobuiecessity rather than an

experiment due to the failure of the OSSS effdris failure stripped many universities
out of tens of thousands of dollars hindering thgograms. Another need focused on
the maturing U.S. CubeSat institutions that neealedaterial launch. The June 2003
launch was a success but to continue the growththef CubeSat Program launch

opportunities were needed in one to two years.

10



The launch coordinator, a Cal Poly CubeSat Perdpnoiéicially began
coordinating the Dnepr launch campaign on May IH)32after a teleconference with

most of the participating customers. The univasithat participated at the time were:

University of Arizona

University of Hawalii

University of Kansas

University of lllinois

Cornell University

Nihon University

Norwegian University of Science and Technology
Montana State University

Taylor University

Cal Poly

After the teleconference it was agreed that Cay Raluld pursue the launch and
coordinate all participating universities for thendpr Launch campaign. The launch
coordinator advised Cal Poly Corporation of the twtual responsibilities of the
customer and Cal Poly Corporation. MemorandumgJoflerstanding (MOU) were

drafted and subsequently provided to all custorsees in Appendix C.
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Cal Poly Corporations Responsibilities:
Enter into a contract with various institutions rteake a launch opportunity
economically feasible
Register with the Office of Defense Trade Contr@@BDTC) and adhere to
International Traffic in Arms Regulations (ITAR)
Obtain professional legal advice for ITAR complianc
Enter into contracts with ISC Kosmotras for lausehvices
Coordinate various meetings for CubeSat developers
Manufacture P-PODs to be used for the launch
Provide testing hardware and technical requiremientsach participant
Send personnel to integrate P-PODs to the launicitiee

Coordinate logistics and requirements between ouste and ISC Kosmotras.

Customer Responsibilities:
Deliver CubeSats on specific date to be determaseithe launch date is finalized
Foreign participants must provide appropriate aygigoand documentation for
temporary import into the US and the permanent gxpdhe launch site
Participants must adhere to all ITAR requirements
Provide information to Cal Poly Corporation as resfed
Execute appropriate documentation required by ti® Gbvernment for the

launch of CubeSats.
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2 Limiting Factors to Maintaining a Satellite Progr am
Various limiting factors hinder universities fronedinning and maintaining a

satellite program beyond the materialization ofaanich opportunity. This section
highlights some of the internal hurdles that ursite#s must overcome. A central
coordinator can provide services that can overcepmae of the external and internal

limiting factors the CubeSat Program by providimpgiens not stumbling blocks.

2.1 Launch Vehicles

2.1.1 Availability
Launch opportunities are always available; howetrete are hindrances for all

universities in obtaining the right launch opportyn

1. The ability to contact the right launch providemtanifest on a vehicle

2. Desired orbit parameters in altitude and inclimatio

3. Desired launch window

4. Mechanical and electrical interface with differgeticles

5. Environmental testing to meet safety requirementlitierent vehicles

6. Possible export licensing and controlling technglagd information for foreign

vehicles

The issues above must be taken into consideratioenvdetermining the best
option for a launch opportunity. Many of the issuequire time beyond the development
of a CubeSat. With future launch campaigns acbksshirough the CubeSat Program it
moves some of the issues from the institutionshélaunch coordinator. This allows

institutions to focus on the development of a rolilisheSat.
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2.1.2 Launch Cost
Launch cost is one of the largest limiting facttysa university. Dnepr launch

costs are at a minimum of $10,000 per kilogram,ciwhineans for a 10kg satellite the
baseline cost is $100,000. This baseline doetaketinto account the cost of weight and
manufacturing time of an interface adapter, semaramnechanisms, shipping, import
taxes, lawyer fees, hiring students and staff,faneign and domestic travel costs. These
items can double or triple the baseline cost.

Many items above the baseline have the same caomh whaling with one or a
cluster of satellites. Through the principal ojoat effort program, such as the Dnepr
launch campaign, those items above the baselinenarienized and the overall cost is
distributed to all the customers. As an exampéedverhead above the baseline can cost
$200,000 for one satellite. However if ten othastomers with standard designs join
together for a cluster launch, the overhead cashaeed and spread to each university
with a price tag of $20,000 each.

The Dnepr launch campaign provides a strategicofabty centralizing the
coordination effort to a Cal Poly launch coordimatdniversities do not need to focus on
all the additional tasks beyond satellite developimerhe launch coordinator interfaces
with the launch provider, determines requiremeits the interface hardware (i.e. P-
PODs), and submission of the legal requirementsallocustomers, effectively lowering
the overall cost for each individual university.aunch providers interface with one
individual and not a dozen. This is favorable e taunch provider as it provides
exposure in assisting many universities while thgistics and cost of interfacing with

multiple customers is minimized.
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2.2 University Setting
Beyond the limiting factors of launch availabiliyd cost a university may not be

able to support a satellite program. Factors nmajude lack of environmental testing

facilities, turn over of students, lack of interest expertise in satellite development.

2.2.1 Students
Students that enter a satellite program on avenagd six months of maturation

before they become reliable enough to be giventasks of importance, which include
critical path items. As seasoned students leavs,up to them to pass their knowledge
and instill the quality of work to the next genéat This constant influx of generations
presents an interesting challenge to ensure thatversity program obtain new students
into the project and train them to meet specifeamdards and mindset. New students into
the project must be committed individuals with eadt 2 years availability prior to
graduation.

The CubeSat Program enables students to experieadeée-cycle of a CubeSat
within 2 years. This fosters new students to bmlired in the beginnings of a new
mission. The new generation can take ownershipevgaining the previous generation’s
knowledge and experience. As the older generainals their satellite mission through a

launch they can provide mentorship and ideas to¢wegeneration.

2.2.2 Facilities
A university may lack the necessary facilities toarmafacture, perform

environmental tests, and lack groundstations tatifjeand track their satellites. The
launch coordinator can work with the customer tovpte testing facilities as one of its
services. This reduces the time and cost for tisgomer. The launch coordinator must

also prepare a plan to enable a coordinated effoidentification and tracking of the
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CubeSats after initial deployment. Efficiency atedlite identification is increased due
to the worldwide locations of groundstations papating in identification versus one

university at a particular latitude and longitude.

2.3 Options for Satellite Programs and Funding
There are various avenues for a university to gaming and maintain a satellite

program. In general the benefits and drawbacksefmh type of program are listed
below. Ultimately, it depends on the situation atatus of the university in determining

which avenue to take.

1. Armed Forces Training: Satellite programs developed for training students

of the armed forces and other U.S. personnel.

Example: United States Air Force Academy provides academaguptes the
experience of satellite development through itxéabat satellites that began
in October 1997 with FalconGold launched on thea#tlehicle. The
FalconSat series includes FalconGold, FalonSat-4jcoRSat-2, and

FalconSat-3 [19].

Pros:

Satellite is developed for training armed forc&dtudents experience the
entire life-cycle including launch and operations.

Military officials can have the student built séitel be a secondary

payload for a prearranged launch vehicle.
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Cons:
This approach limits the access to space to stadenly in military

training.

. Government sponsored competitions: University satellite programs can be
entered into a competition sponsored by the goventmAt each milestone
of the competition universities defend their deswgith a selected industry
panel. Universities are eliminated while othews arovided funding to further

satellite design and manufacturing.

Example: An existing program includes the University NartadSampetition
(UNC) which is a joint program betweeXir Force Research Laboratory's
Space Vehicles Directorate (AFRL/VS), the Air Fof2ffice of Scientific
Research (AFOSR), and the American Institute of oleartics and

Astronautics (AIAA) [20].

Pros:
Multiple universities begin a satellite program.
Funding is provided by the government

Launch opportunity is available for the final peiants
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Cons:
The selection process prohibits students in the pedition from
experiencing the life-cycle of a satellite progrém@yond the conceptual
and preliminary design phase.
The launch is available but universities can findniselves manifested to
US launch vehicles not scheduled to launch fomgbe few years or with
an undetermined launch date.
Limits new entries to the program

Most universities do not gain operational expergeenc

3. Independent Program: University can begin their own satellite program

through various grants and industry sponsorship.

Example: Stanford University Orbital Picosatellite Autoredt Launcher
(OPAL) was an independent program along with maters developed at
the Stanford Space Systems Development Laborafbhys program enables
graduate students to experience the life-cyclaatdlite development. OPAL

began in April 1995 and was launched on Januarg@0 [4].

Pros:
This approach allows the university satellite pesgrto remove itself from
a competitive selection process.

Ability to design their own mission requirementslapsearch goals.
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Cons:
Limited funding and continued search for more fungdi
Search for the right launch opportunity.
Launch costs are substantial and usually not afdedwith the limited

amount of funding.

4. Inter-Satellite Development: Satellite subsystems are assigned to different
universities to design and manufacture. The inldial subsystems are
integrated together by a systems integrator. Phigram is sponsored by a
government agency and funding is provided to eastigpating university.

A launch is prearranged through the governmengeney.

Example: The Student Space Exploration and Technologiatiie (SSETI)
is a conglomerate of over 500 students from 15arsities located in Europe
and Canada. Each university contributed to theeldgvnent of SSETI
Express, a microsatellite [16]. SSETI Expressonjenction contained and
ejected three CubeSats into orbit. SSETI Express the three CubeSats
were launched on October 2005. SSETI Express demsdéunction after
depleting its batteries. The batteries could retrécharged from the solar
cells due to a design flaw in the Electrical PoBgstem (EPS). A detailed

failure analysis report is located on the SSETI sitetf1].
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Pros:
This approach allows many institutions to particgoa the design.
Universities build satellite hardware and subsystemponents.
Students learn and understand importance of missmuirements
A launch is prearranged

Funding is provided to all university programs

Cons:
Universities develop only part of the satelliteheV do not see the entire
life-cycle of the satellite.
Satellite programs develop but are dependent ore fuords and projects
from the government agency.

Satellite failure affects all universities.

5. Joint Effort: A university can develop a satellite and join hwibther

university satellite programs in a joint effortdbare the launch cost.

Example: An example is the coordinated effort by the Ursity of Toronto
on the first CubeSat launch in June 30, 2003. dlofehe six cubesats were
not functional in orbit; however, the functional l6&5ats have been in

operation for over three years.
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Pros:
This approach allows a university satellite progrdhe ability to
determine their mission requirements and researalsg
Joint funding with other programs to launch muéightellites.

One malfunctioning satellite does not affect otbetellites on the vehicle.

Cons:
Launch costs are formidable even with joint fundirggn all universities.

One university must take the lead in coordinatangnch and universities.

2.4 The CubeSat Program Approach
The Dnepr launch campaign uses a joint effort aggrothat alleviates the

drawbacks by taking the lead in coordinating withthe participants, a need for a
number of customers are needed to mitigate thechagosts. In addition to a viable
launch opportunity, the launch coordinator detesdimther goals of the Dnepr launch
campaign that were lessons learned from the firgbeSat coordination effort from

University of Toronto.

Goals of the Dnepr Launch Campaign
Universities need to focus on the development eif tBubeSat
Make it affordable for the universities/custometslesbreaking even at Cal Poly.
Provide facilities and hardware for universitiesttumers to perform testing.
Find launch opportunities so customers don’'t have t

Cal Poly handles contracts and requirements wiHatnch provider.
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Increase communication between all universities
Be a barrier for the universities/customer agagasternment regulations

Enable processes that maintain levels of standardSubeSat safety.

Implementing the above mentioned goals enablesetsities to develop a robust

CubeSat design while opening the doors for unitiessto perform space research and

provide hands-on experience in satellite develogmen
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3 Government Regulations
Before the launch coordinator can contact eachensity to participate in a

launch campaign the void in the knowledge of goment regulations needed to be
filled. Questions remained as to how Cal Poly daxdrrespond with foreign institutions
and launch providers? What security precautiomsprocedures are needed? How long
is required to get approval from the governmentan Cal Poly do all the legal work
alone or hire consultants that have experience@sd lquestions and more were explored

through the Dnepr launch campaign.

3.1 International Traffic in Arms Regulation (ITAR)
The International Trade and Arms Regulation (ITARVvern all items that are

covered under the U.S. Munitions List described2ih CFR Part 121.1. Spacecraft
Systems and Associated Equipment fall under Cayeldt of the Munitions List [10].

The articles, services, and technical data deteuhim the U.S. Munitions List are
designated as defense articles, which are undeurttimella of the Office of Defense
Trade Controls management. The import and expbttandware determined in the
munitions list is considered a defense item andtnimesapproved by the Office of
Defense Trade and Controls management prior towsaed and software transfer to
foreign entities [10]. However, there are exemmuidrom the approval process for

universities performing fundamental research.

3.1.1 Fundamental Research
Under the aegis of ITAR there is a restriction afoimation dissemination to

foreign nations and individuals. U.S. accreditestitutions have exemptions that do not
require approval from the Office of Defense Tradd €ontrols (ODTC) management on

any logistical and technical transfers when disiogswith foreign institutions. In order
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to use university exemptions all university actest at Cal Poly and the foreign
institutions must fall under fundamental research.

Fundamental research is defined in 22 CFR 120.@)(&® mean the basic and
applied research in science and engineering whiseerésulting information is ordinarily
published and shared broadly within the scientdmmmunity, as distinguished from
research the results of which are restricted foogmietary reasons or specific U.S.

Government access and dissemination controls [10].

Fundamental research is negated when any of tltesvialy applies [10]:
1. The university accepts restrictions on publicatafrthe results generated to he
scientific community.
2. The funding is from the U.S. Government and resglinformation is specifically
restricted from publication.
3.1.2 Consequences of Violations
There are various exemptions for U.S. institutiotts transfer technical
information and export hardware to foreign instans that do not require a license.
Several universities have taken the stance thgtdbenot need to register with ODTC to
export satellites and satellite related hardwareesithey are performing fundamental
research. However, Cal Poly Corporation decidedetpster with ODTC due to the
ambiguity of certain aspects of the exemptionsrnsuee that Cal Poly would not be in
any future violation due to the launch campaign.
Violations can be any misrepresentation and ommssiofacts or any attempt of

illegal exports. The penalties of these violatioas vary from the following:
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Fines can be up to $1,000,000 [12].

Seizures of exported hardware: Hardware that legally exported maybe
detained and seized [10].

Future Denials: Licenses and other approvals ategranted to persons who
have been convicted of violating any of the U.$meral statues enumerated in
22 CFR 120 [10]

Imprisonment of up to 10 years [12].

3.2 Technical Assistance Agreement (TAA)
After registering with ODTC a Technical Assistandgreement (TAA) was

written by the launch coordinator and the Sponséhexjrams Director and submitted to
the ODTC for approval. A TAA allows defense sergide be disclosed like technical
data and a right to manufacture defense articlele agreement is formed between a

registered U.S. exporter and a foreign entity.

Establishment of Parties Roles
The TAA establishes the roles and responsibilibéshe parties involved. In
respect to the Dnepr launch campaign there weneeiotities. The fourth entity was not
on the original submission and an amendment weg élring the launch campaign:
Cal Poly Corporation: Acts as central launch coordinator for instituson
developing CubeSats and manufacturer of a standal®Sat deployer, the P-
POD.
ISC Kosmotras: Provides low-cost launch services to the satetidmmunity

through the use of the Dnepr Launch Vehicle.
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SDO Yuzhnoye: Provides the primary design and development bfaaihch
vehicle interfaces.
Khartron-Arkos: A sublicense of which was amended after the waiglTAA

submission. Khartron-Arkos provides electricavass to the launch vehicle.

Establishment of Definitions

The launch coordinator established the definitionssponsibilities, and
commodities for each of the parties that will ensferred in the TAA. In respect to the
Dnepr launch campaign there were three commoditias were to be transferred and
manufactured:

The P-POD is designed and manufactured by Cal &adlyis reliable, low cost

launcher for deploying CubeSats.

Picosatellites (CubeSats) are delivered to Cal Polpe integrated into the P-

POD which is secured to prevent the tampering dfgSats.

Launch Vehicle Interface (LVI) adapter will be méaxctured by SDO Yuzhnoye

to conform to the bolt pattern on the P-POD.

Beyond establishing the roles and responsibilittdsthe parties the TAA
promotes assistance and technical data exchangedethe foreign entities to ensure
that certain goals are met. In respect to the Dlaemch campaign the TAA allowed the
transfer of information to promote the successhef following goals as outlined in the

TAA:

To ensure the successful integration of the P-PPD@(staining the satellites and
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attachment to the LVI onto a satellite cluster pagl at the launch facility,

To ensure that ISC Kosmotras and SDO YuzhnoyepaadVide the bolt patterns
for the P-PODs. The P-PODs will attach to the bYWwhich will be integrated to
the launch vehicle.

To ensure the P-POD(s) and CubeSats are able hstaitd the harsh launch
flight environments for insertion into Low-Earth4@tr (LEO).

To ensure that all electrical and mechanical iat$ are in operational order
prior to launch.

To ensure the CubeSats contained in the P-PODessfody separate from the

Dnepr launch vehicle into LEO.

The transfer of technical data is limited to theaar of compatibility, integration
and processing of the P-POD and LVI onto the Drapnch vehicle. Beyond these
areas the TAA places restrictions on technical datd hardware that cannot be
transferred in addition to attached provisos toTtA&A.:

Manufacturing technology, systems optimizationfnétion know-how or design

know-how

Detailed engineering design data for the componant manufacturing and

production processes or know-how

Design philosophies or explanations for engineecimgnges

Detailed design data or manufacturing know-how

Information pertaining to the design, productionneanufacture of the Cal Poly

Corporation P-POD that is not in the public domain
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Software source code or documentation of on-bogstéms
Any technical assistance that might assist in tlesigh, development, or
enhancement of the performance of any of ISC Kosamoturrent of future

existing space launch vehicles, missiles, or fiedi

3.2.1 Processing Time
Upon completion of the TAA the agreement must Hdenstted and approved by

the Office of Defense Trade Controls. Accordinghe U.S. Government Accountability
Office (GAO) reviews of license applications inda year 2000 took on average 46 days
[7]. Figure 5 illustrates 64% of the applicationgomiitted to the state department and
note that agreements on average take more tharay@td complete. In some cases
reviews can be indefinite due to past violation&fter the TAA has been approved
provisos will be attached to the approval lettBrovisos may indicate that a Technology
Transfer Control Plan (TTCP) be submitted and apgui@rior to authorizing the transfer
of technical information. A sample format can batained by contacting the state

department at ttcp.review@osd.mil.
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Figure 5: Processing time for the 2000 fiscal yeaf 64% of the submittals [7]
3.3 Technology Transfer Control Plan (TTCP)

The Technology Transfer Control Plan (TTCP) is preg by the launch
coordinator and provided to the Sponsored Progra@xnsctor after the review and
approval of the TAA. The TTCP is developed onlitiis requested in the attached
provisos to the TAA approval letter. The TTCP dstaarious events between the U.S.
exporter and the foreign entity approved by the TARor the Dnepr launch campaign
the TTCP is between Cal Poly and ISC Kosmotras,hviage SDO and a sublicense

Khartron-Arkos.
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The TTCP detailed procedures on data control asgediination to the launch
provider during scheduled events (i.e. integratwith the launch vehicle) and
teleconferences. In addition, the TTCP can cowtridnot limited to security, training
of personnel, responsibilities of officials, fatili layout, monitoring and waivers,
required meeting information, and document markifmslater audits. Review and

subsequent approval of the TTCP can be completddna80 days of submission.

3.4 Export Licenses
After approval of the TAA from the ODTC, exportdiecses need to be written and

submitted by the launch coordinator and exportrobitficer. An export license permits
the export and import of specific defense articl&xport license can be permanent or
temporary for import or export of defense articleBhe value of each satellite, related
hardware, and technical data must be representi isubmission of the export license.
Figure 6 illustrates the ODTC process to review ewport license submission.
Submitters should take note that applications aeéercded to Congress only for
Significant Military Equipment (SME) which is de@d as equipment valued over
$14,000,000 or services that are over $50,000,00D A deferment typically adds an

additional 15 days if the receiving country is NABOD30 days for non-NATO [7].
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Figure 6: The export license application processinfy]

Figure 7 illustrates the total application subnhstia the Fiscal Year 2000 and the
time in days of reviewing the submittals. It igal that license amendments have a fast
review time since it pertains to minor changesrt@pproved TAA. In the same manner
temporary import and permanent licenses have qrethkrn time since it pertains to

hardware that is developed by a foreign entity whbe US is an intermediate location.
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Figure 7: Turn around time for various license sulmissions [7]

3.4.1 Temporary export license (DSP-73)
A temporary export (DSP-73) is used to export USitation’s CubeSats and/or

software to a foreign entity. CubeSats were exgbrinder a DSP-73 because the
CubeSats are temporarily in a foreign country, his tcase Russia, but when it is
delivered into orbit it will be registered with thiS Space registry and rights return to the

US. The review time is 30 to 60 days as illusttateFigure 7.

3.4.2 Temporary Import license (DSP-61)
A temporary import (DSP-61) is used to import fgreCubeSats into the US. A

temporary import is used since the US is an intdiate location and not the final
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destination. Once the CubeSat is deployed intot atie rights return back to its
respective country. In the case of the Dnepr |lauocampaign foreign participating
institutions must provide documentation that ti@ibeSat will be registered with their
countries space registry. The review time for DBPis typically within 30 days as

illustrated in Figure 7.

3.4.3 Permanent Export license (DSP-5)
A permanent export (DSP-5) is used to permanenihpr the foreign CubeSats

to a foreign launch site. In addition, a DSP-3udes P-POD hardware since all will be
destroyed upon atmospheric reentry of the uppegstddpe review and approval time for

DSP-5 is typically within 30 days as illustratedrigure 7.

3.5 Satellite Post-Mission Lifetime
The launch coordinator must handle regulations roBgg the mitigation of

satellite orbital debris. Orbital debris is an rewcreasing problem for popular orbits
such as Low-Earth-Orbits (LEO). The task of mitigg orbital debris in the U.S. has
been delegated to the Federal Communication Cononi¢BCC) according to FCC, 47
CFR parts 5, 25 and 97 on the “Mitigation of Orbidebris” effective October 12, 2004.
The current guidelines define orbital altitudes taw-Earth-Orbits (LEO) as below
2,000km and Geostationary-Earth-Orbits (GEO) aiuakes approximately 35,786km. In
addition, the orbit life of satellites in LEO musdve a maximum post-mission life of 25
years.

Submissions for FCC licensing must include disp@sal mitigation plans that
address satellite design and operation that wilimize the amount of orbit debris,

orbital collision avoidance, quantity of fuel foogt-mission disposal (if applicable), and
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the use of Inter Agency Space Debris Coordina@@mmmittee’s guidelines on “U.S.
Government Orbital Debris Mitigation Standard Pigedt” published in 1997. The
guidelines have four main objectives [8]:
1. Control of Debris Released During Normal Operations
a. Satellites must minimize or limit orbital debrissyhm in any dimension.
2. Minimizing Debris Generated by Accidental Explosion
a. Demonstrate that there is no mode for an accidestalosion.
b. All stored energy including propellant must be a¢pd to minimize
accidental explosions.
3. Selection of Safe Flight Profile and Operationalnfiguration
a. Mission profile for the satellite will minimize thprobability of collision
with known objects.
b. Minimize the probability of the loss of post-missidisposal due to
collisions with objects smaller than 1cm in diamete
c. Tether systems must be analyzed for intact andesgteenditions.
4. Postmission Disposal of Space Structures
a. Atmospheric reentry option with the risk of humausgality that is less
than 1 in 10,000.
b. Maneuver to storage orbit.
c. Perform a direct retrieval.

d. Tether systems must be analyzed for intact andesezenditions.
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The U.S. Government Orbital Debris Mitigation StardlPractices guidelines do
not all directly apply to CubeSats in that most mimt have propellant to perform
maneuvers. CubeSats must rely on atmosphericryeemtmitigate space debris. In
addition, due to its relatively low density thekrisf human casualty is much less than 1
in 10,000.

Amateur stations, of which most CubeSats fall undeust provide various
statements which are highlighted in the ruling taeh to the submission to the FCC.
The Radio Amateur Satellite Corporation has filegedition to reconsider amateur
satellites in the filing process for orbital debos May 4, 2005. As of yet there is no
final ruling on amateur radio satellites to subtoibrbital debris mitigation plans to the

FCC.

3.6 Frequency Allocation
Prior to the Dnepr launch campaign, frequencieseweiofficially coordinated by

professor Bob Twiggs. CubeSat institutions we/iged frequencies in the UHF Band
ranging from 436.500MHz to 437.500MHz. This methexpedited the lead-time in

obtaining a frequency for a university but was idifft to determine if the frequencies
assigned conflict with other amateur satellitesl@velopment. At the time this was the
best option due to long lead-times for coordindteduencies from the central authority
on amateur radio International Amateur Radio Ur{i&iRU).

A parallel track was taken by Cal Poly during theepr launch campaign to

obtain an experimental license through the FCCterAdompleting a submission to the
FCC there was no response for the approval of whenssion for over six months. In

addition to the submission a request to waive BE’E requirements of §97.207(g) was
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submitted. This requirement applies to the ruled gegulations that normally require
applicants to notify the International Bureau atni2@nths and 5-months before initiating
space station transmissions. This ruling is ditficto apply to CubeSat launch
opportunities of which CubeSats are notified asnsas a viable launch opportunity
appears, typically within 24 to 18 months.

In both cases the official method of obtaining freqcies subjected all CubeSat
institutions to lead-times up to 18 months. In iadd, both methods require the
compliance of different sets of rules and regutaialepending on the chosen method.

Regulations that are of specific concern to CubeBatude but not limited to:

IARU — Amateur Frequency
Contribution to the Amateur Radio Community: Provide a useful tool for
amateur radio community in post-mission phasefef(iie. Transponder)
End of Life Termination: Positive termination of satellite transmission if
requested
Public Disclosure of data transmission: Proprietary or restrictive information is

not allowed.

FCC — Experimental Frequency
FCC Orbital Debris Mitigation: Meet post-mission deorbit guidelines in affect
on October 2004.
Waiver of 897.207(g): Notification to the FCC 27-months and 5-month®tee

initiating space station transmissions
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4 Cal Poly Solutions to the Regulations

4.1 International Traffic in Arms Regulation (ITAR)
Since any satellite hardware is deemed as defetiskesaunder 22 CFR Part 121

there are two directions that the CubeSat Programtake in dealing with ITAR. Cal
Poly can undertake the task themselves or hire rsuttant. In either case future
measures of how Cal Poly will handle ITAR relatsdues need to be done. The launch
coordinator weighed the benefits of both positiansl the overall affect on the launch

schedule. The benefits of both positions aredisielow:

1. Cal Poly State University will take on the tasKedrning the regulations.

Benefits:
Cal Poly can reduce costs by not investing in tipagty consultant(s) and use
in-house resources and legal experts.
Cal Poly does not need to depend on intermediansudtants to track &
complete paperwork.
Through the lessons learned on this first expedee@al Poly can reuse the

knowledge for future launch campaigns.

2. Cal Poly will hire consultants that have previouperience.

Benefits:
Consultants have previous experience and knowledgevernment regulations
and possible university exemptions.

Cal Poly can focus on other issues on the launctpaan.
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Contacts within the government can expedite thdicaipn process.

After evaluating the two options it became cleat {@al Poly’s inexperience with
ITAR posed a great deal of risk to the succest@launch campaign due to the learning
curve of understanding the regulations and prosessEltimately, the consultant’s
experience and potential time-savings over thest eere more beneficial to the overall
project. Therefore, a consultant was hired to i®Vegal advice and outline the
necessary paper work. They were also hired toneudl program for current and future

Cal Poly projects that fall under ITAR.

4.1.1 A Lesson Learned — ITAR Consultants
The consultant over the first few months of thenldu campaign provided

valuable insight into the processes of ITAR. Tleasultant described processes and
whom to contact. However, after the first few nmenthere was little progress in
submitting approvals to the U.S. government eveh wonstant contact and submission
of technical documents from the launch coordinatolltimately, due to the lack of
progress on submitting the necessary paperworknanatogress on outlining a program
for future submissions and procedures for followlihgR the consultant was let go.

This was a major hindrance to the progress of cetimg the export licenses.
There were insufficient funds to hire a consultatiose main focus was solely on the
launch campaign. Dealing with procedures and egguis is too important and time
critical to not have a consultant working full time ITAR. Submitting documents and
obtaining all necessary approvals can take anywfrera three months to a year. In
addition, obtaining technical information from peigiating universities to complete a

submission to the state department can also imjpacschedule. Having a full time
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consultant is essential. The project must suppadnsultant for approximately one to
two years as they will be needed through the lifdthe launch campaign.

To hire a full time consultant is costly but to reakhe launch campaign
affordable to all the participating universitiesfudl time consultant is unrealistic and
therefore Cal Poly’'s Sponsored Programs Directdrtha launch coordinator took on the
task of completing the submissions to the U.S. gawent. The lack of knowledge and
experience were offset by the focus of the Spomsétegrams Director and launch

coordinator to understand and act according todbelations.

4.2 Work Environments

4.2.1 Working with Cal Poly Corporation
Once the launch campaign became a sponsored prdageafaunch coordinator

worked with the Sponsored programs office in detgiland reviewing contracts, legal
issues, and compliance with regulations. The SpewlsPrograms Director was the main
point of contact and designated as the empowergdabf From the Dnepr launch

campaign several factors enabled a closer inteff@b@een launch coordinator and the

export control officer.

The export control officer must also have the apilo sign and approve TAA,
TTCP, licenses, etc... as the empowered official.is Thitigates one level of
bureaucracy within Cal Poly for approval to dirgaubmit to ODTC.

The launch coordinator must assist in creating raweewing submissions as the
export control officer must devote a majority ofcie on other sponsored

programs.
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The export control officer may not understand ladl technical issues. The launch
coordinator must work closely with the export cohtsfficer to coordinate events
such as fit-check with universities and launch peks, technical discussions,
integration of satellites, attending the launchight hardware shipments,

contracts, teleconferences, etc.

4.2.2 Laboratory Environment - Students
Due to the launch campaign and the project as dewth® students need to

change their mentality of the normal atmosphera ohiversity setting. Students now
need to work in an environment where regulationsppetary information, and non-
disclosure agreements are the norm. The launctdic@bor in conjunction with the Cal
Poly CubeSat senior members must train and infoudesits to be aware of what
information can or cannot be communicated when iscugsions with visitors at
conferences even with students that are trainirigeriaboratory.

Students that are training in the project are gilmnited access to computers,
laboratory keycard access, and proprietary meetargs information is not disclosed.
Under the discretion of the project manager andosenembers full access is given to
the student. Laboratory safety and internal rubesprietary agreements, computer and
keycard access are disclosed by the project managér the necessary training.
Students are notified not to provide informationotatside sources and visitors without
the approval of the project manager or senior membkn addition, non-Cal Poly
personnel cannot be left unattended including stigdéhat are under training and do not
have access to the lab.

Students must also control the documentation whetheis proprietary

information or ITAR controlled. The launch coordiar must explain and disclose the
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proper documentation, secured storage, and dismpdsdbcuments as written in the
approved TTCP. Proprietary items must not beitethe laboratory on tables when not
in use. If not in use must be stored properly lmedded. In addition, students must
adhere to proper procedures in order to mitigatedruerrors in manufacture, assembly,
and testing of hardware all of which can greatlpatt schedule, cost, and success of the
launch. Proper traceability and documentatioedgsally important to provide future

generations with a reference of precedents andadelbgy.

4.3 Technical Assistance Agreement (TAA)

4.3.1 Cal Poly Corporations Responsibility
It is the responsibility of the Cal Poly Corporati@as an exporter of defense

articles as classified in 22 CFR 121.1 to proviglehhical assistance to foreign entities
after a TAA has been approved in writing by thei€affof Defense Trade Controls. Prior
to an approved TAA contractual agreements with theeign entity is under the
discretion of the exporter. The TAA must be verittand submitted to the Office of
Defense Trade Controls well in advance once a mapwith a foreign entity is
determined.

The Cal Poly Corporation must appoint an empowes#ttial that will be
responsible for complying with all regulations. eTempowered official must be in a
position for having the authority to make policy management decisions within the
organization. The empowered information must lgallg empowered in writing to sign
license applications. The empowered official mheste independent authority to enquire
on the proposed export or import, verify the accyraf the information that is going to
be submitted, and able to refuse to sign any leesplication without consequence.

With these criteria the empowered official was geated as Frank Mumford but in later
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months the Sponsored Programs Director was givémoaty to sign as an empowered

official in addition to the role of export controfficer.

4.3.2 Launch Coordinator Responsibility
The launch coordinator is the single point of contaith the launch provider, all

customers, Cal Poly CubeSat personnel, and thé@lgl Export Control Officer. The
launch coordinator must disseminate and obtainnieah and logistical information
between all contacts as necessary. Figure 8rdliest that the launch coordinator is the

main point of contact for the four entities in dissnating information.

Cal Poly Export ! I L | . CubeSat !
Control Officer | 1 Coordinator ! . Customers |

I
- Cal Poly CubeSat!

Personnel I
| I -

Figure 8: Transfer of information dissemination through the launch coordinator

Cal Poly Export Control Officer: The launch coordinator must provide technical
information about CubeSat hardware and the paaitgpthat are involved. Assist in the
development and review of the TAA, Technology Tfan€ontrol Plan (TTCP), and all

contracts. Inform the Cal Poly Export Control ©#i of when CubeSat and related
personnel will be arriving for scheduled events assiist in the necessary paperwork for
compliance. This also includes when Cal Poly Calbgfersonnel need to depart with

hardware or technical information to various meggiwith the launch provider.
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Launch provider: The launch coordinator must obtain logisticabmfiation such as but
not limited to orbit parameters, launch windowsylpad weight, and cost. Obtain
required technical information such as satelliteqérencies and transmission levels,
summary of satellite descriptions, safety docunteta Prepare any items listed in

contractual agreements.

Cal Poly CubeSat PersonnelThe launch coordinator must inform the internaugr of
incoming foreign entities so that they can perforntegration, fit-checks, and
environmental testing. This scheduling needs tocberdinated with the internal
personnel so that they do not disrupt the Cal RalgeSat development and testing. Any

shipment of hardware for fit-checks and launch nalst be coordinated with the team.

CubeSat Customers: The launch coordinator must provide updates éodate of the
launch which corresponds to delivery of CubeSatsifitegration. Ensure that the
CubeSat meet the standard and safely integratestivgtother CubeSat neighbors within
the P-POD. Ensure that all CubeSats have perforemettfonmental testing prior to
delivery to Cal Poly for integration. Documentatithey need to provide includes:
battery charging procedures, safety documentaGobgeSat subsystem summary, P-POD
Allocation, non-military documentation, coordinatdcequency and communication

information, orbital debris mitigation (optional).

4.4 Technology Transfer Control Plan (TTCP)
The TTCP details several events that the launcidowator and other Cal Poly

CubeSat personnel must attend when working witHattiech provider. These events are
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scheduled face to face meetings. The launch coma@limust inform the export controls
officer of the content of the meeting. During tineeting the launch coordinator must
provide direction to the Cal Poly CubeSat team twatwnformation is ITAR controlled.

In addition, assist in contractual requirementsl prepare the necessary paper work for
the shipment of the hardware and personnel attgnite location. The written TTCP
dictates procedures that govern the security faréulaunch campaigns.

Below describes the events attended with the laymokiider as written by the
launch coordinator in the TTCP. During each euasttechnology that was presented
was strictly on the P-POD interface and the deplytmmechanism which was shared
publicly at conferences and on Cal Poly’s websi@ther items are logistical in nature
and include orbital parameters, completion of cttral agreements, deployment

sequence, etc...

Dnepr Initial Meeting (May 2003): In attendance were ISC Kosmotras and Yuzhnoye
SDO representatives and four Cal Poly CubeSat septatives. Discussions pertained
strictly to interfacing with the launch vehicle h& overall dimensions of the P-POD were
clarified. The launch provider informed of us @&eded requirements such as grounding
bolts on the P-PODs, the maximum velocity of eacih&Sat when deployed, required
documentation of safety and non-military purposeaxth satellite. Other items of a non-
technical nature included the total mass rangaiopayload, issues with the contract, the

deployment sequence of the CubeSats, etc.
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Dnepr Fit-Check (February 2005): The fit-check was located at Dnepropetrovsk,
Ukraine. In attendance were various engineers frarmhnoye SDO, ISC Kosmotras,
other satellite customers, and two Cal Poly Cubgf®asonnel and the export control
officer. This fit-check was used as a dimensi@ral mass check of P-POD Engineering
and mass simulators to the interface adapter.dditian, other satellite mass simulators
were integrated to the Space Head Module (SHMyifral interface and clearance. The
SHM under went vibration testing with all mass eqient payloads. Cal Poly arrived
with four mass and dimensional equivalents and emgineering P-POD. Beyond the

technical aspects other items to discuss were actotil and schedules.

Arrival to Launch Site (July 2006): In attendance were personnel from Yuzhnoye
SDO, ISC Kosmotras, and customers from other cmsto view the launch of their
hardware including three Cal Poly CubeSat persoanélthe export control officer. All
integrated flight hardware was shipped to the lawite including one spare P-POD Unit
and various tools all packaged in a wooden cratgon arrival the hardware would then
be inspected and integrated to the Dnepr vehicl&ishnoye SDO engineers. Other

items of a contractual nature were included indiseussion.

Beyond external meetings the TTCP must also cdwerirtternal procedures of
the Cal Poly laboratory in the Advance Technologyding in Room 15. The following
highlights internal procedures with visitors andgament of flight hardware (i.e. P-

POD).
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Internal Laboratory Procedures:
Flight Hardware: The Advanced Technology Laboratory (ATL) at CalyHAs a
secure facility. ATL access is provided by keysawhich are given to Cal Poly
CubeSat Personnel. Within the ATL the flight P-POéhd delivered CubeSats
are located in a secure cabinet in the cleanroddmly senior members can

authorize access to the flight hardware.

Escorting Visitors: All walk-ins will be escorted by Cal Poly Cube®arsonnel
at all times in the ATL. No more than four visitarsy be escorted by each Cal

Poly CubeSat Personnel.

4.5 Export Licenses
The export licenses were completed by the expartrabofficer with supplement

information from the launch coordinator in regatd<CubeSat and P-POD logistics and
schedules. In addition the launch coordinator ey the cost and USML category of

each hardware item.

4.5.1 Temporary export (DSP-73)
A temporary export (DSP-73) was used to export UshdgSat institutions

satellites to be shipped to the launch site. Edurlustrates the corresponding value of
the satellites along with the license. The Cub&8=t are itemized under the DSP-73
are all US institution CubeSats with an additioRaPOD that is used as an emergency
backup unit that maybe used at the launch sitee Vidiue and the US Munitions List

Category are cited for each commaodity.
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Figure 9: CubeSats and P-PODs temporarily exportedn a DSP-73

The approval process for a DSP-73 is typically 860 days according to the
GAO briefing in the Fiscal Year 2000 [7]. The D$B-or the Dnepr launch campaign
was submitted and returned with approval in 120sdayhis discrepancy for the typical
review time could be due to limited staff at thatstdepartment by an increasing number

of retirees thereby increasing the review timetifier submissions in Fiscal Year 2004.

4.5.2 Permanent Export (DSP-5)
A permanent export (DSP-5) is used to permanenihpr the foreign CubeSats

to the launch site and clear customs in the U§urEi 10 illustrates the commodities and
their USML categories and values for the DSP-5. adidition, five P-PODs are listed
since the P-PODs are not returning to the US aswulilebe permanently destroyed when

the launch vehicle upperstage reenters the atmosphe
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Figure 10: CubeSats and P-PODs permanently expordeon the DSP-5
4.6 CubeSat Post Mission Lifetime

According to the guidelines of the Federal Ruliegarding the Orbital Debris
Mitigation the orbital lifetime of satellites in L& must have a maximum post-mission
life of up to 25 years. Since the designed misdiemgth of most CubeSats is
approximately one year, a CubeSat must deorbitinv2b years. The launch coordinator
needs to determine altitude ranges that satisfyHB€ regulation and in addition the
needs of the customer.

A NASA Debris Assessment Software (DAS) providedNASA Orbital Debris
Program Office provides a preliminary tool to detare orbit lifetime of a CubeSat.
Since the CubeSats on the launch campaign do nat hetive control to deorbit,
Cubesats rely on atmospheric drag. The DAS oriyires the input of area to mass
ratio to affect atmospheric drag.

An estimate of 0.012frwas used for the surface area. This estimaterassthat
only one face of the CubeSat facing the directibrihe velocity vector, therefore, a
conservative estimate. In addition, the estimaiants for a typical dipole antenna
deployed from most CubeSats adding to the surfez® aThe mass is an ideal CubeSat
at 1kg. Figure 11 illustrates what appears to beeiling altitude less than 650 km

circular orbit for CubeSats to meet with the guities.
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Figure 11: Ceiling altitude for CubeSats in an idal circular orbit.

This result assumes an ideal circular orbit initgddunch vehicles will have
eccentricity at a minimum of .001 which produceswba 20km difference between
apogee and perigee. On the other hand, launcltlgshmear the end of their satellite
deployment sequence can increase their eccentasityuch as 0.01 which can produce
as much as 150km difference between apogee andeperiFigure 12 illustrates this
point in varying apogee and perigee values. N#d the orbit lifetime still meets the
deorbit guidelines. It is important that the attuwalues of perigee and apogee be
determined for each CubeSat when carrying out thiéab debris requirement, however,
these values are not given immediately from thedauyprovider. In the initial stages to
determine a viable launch the launch coordinat@dusn ideal circular orbit but it is
recommended for future launch campaigns to obtarigpe and apogee from the launch
provider. Later orbital analysis studies shouldhstdt the launch vehicle Interface

Control Document (ICD) for more accurate apogee@erijee values.
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Figure 12: Varying apogee and perigee we still methe deorbit guidelines.

CubeSat developers that have applied for an ex