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I. Technical Description

RBC Signals seeks to provide telemetry, tracking and command (“TT&C”) services for 
the Aurorasat-1 spacecraft (or "AuroraSat"), a single 2U cubesat operated by Aurora 
Propulsion Technologies (“AuroraPT”).  This Technical Description provides an overview of 
the UHF-band TT&C links of the Aurorasat-1 satellite in support of RBC Signals’ request for 
a 180-day special temporary authorization (“STA”) to provide earth station support for the 
Aurorasat-1 from its existing facility in Windham, New York.  With the launch currently 
scheduled for December 2020, the Commission should be sufficient time to place this 
application on public notice in anticipation of the start of the mission (see Legal Narrative). 

The Aurorasat-1 cubesat that is the subject of this Technical Description includes a single cubesat 
with two payloads: (1) a propulsive attitude control system with water propellant; and (2) the 
plasma brake, which is a propellant-less deorbiting system. The first phase of the mission (6-12 
months) will be used to perform attitude control experiments, after which the plasma brake 
microtethers will be deployed.  The second phase of the mission (12-24 months) includes the 
successful deployment of the plasma brake microtethers and demonstration of the satellite 
deorbiting system.1  The Aurorasat-1 mission will demonstrate AuroraPT’s 3-axis attitude control 
using an altitude and orbit control system (“AOCS”) with a water-based resistojet propulsion 
module, and its rapid deorbit technology using electro-magnetic (“EM”) microtethers.  

To support this mission, RBC Signals seeks to provide TT&C services to AuroraPT, enabling them 
to validate and demonstrate key technologies of their plasma brake tether technology to establish 
further space heritage of their product line and demonstrate payload services. Towards this end, 
the Aurorasat-1 operations will allow AuroraPT to test and demonstrate components, software 
design, and operational concepts that are integral to the planned tether product line. 

The tests and demonstrations planned by AuroraPT will be conducted intermittently over a two-
year period commencing shortly after launch of the satellite.  The TT&C frequencies, ground 
station location and operational constraints have been carefully identified to avoid the potential for 
interference to other spectrum users.   

RBC Signals notes that the expected launch window for the Aurorasat-1 satellite is December 1, 
2020 to December 31, 2020 on a SpaceX Falcon 9 launch vehicle from Cape Canaveral, Florida.  
Therefore, RBC Signals respectfully requests that the Commission consider and authorize the 
proposed TT&C operations (as appropriately conditioned) as soon as practicable.  RBC Signals 
will update the Commission with the final launch date once the launch schedule is finalized.  

1 If the plasma break microtethers do not deploy, the Aurorasat-1 cubesat will still passively deorbit 
within 2.125 years, under nominal condition, and a maximum of 4.57 years if the solar arrays never 
deploy from the nominal orbital altitude of 550 km circular sun-synchronous orbit.   



 
Aurorasat-1 
 
The Aurorasat-1 satellite conforms to the form factor of a 2U cubesat (200 mm x 100 mm x 100 
mm in the stowed configuration and approximately 100 mm x 200 mm x 420 mm in the deployed 
configuration), with a total mass of approximately 1.8 kg.  The maximum power generated by the 
solar panels is approximately 8 W (7 W at end-of-life “EOL”), with a maximum transmitter output 
RF power of approximately 29 dBm in UHF frequencies.  The TT&C radio uses omnidirectional 
canted turnstile antennas, as indicated in Figure 1.  
 

  
Figure 1. Aurorasat-1 Stowed and Deployed Configuration 

 
Orbit. The Aurorasat-1 satellite will be launched aboard a SpaceX Falcon 9 launch vehicle from 
the Cape Canaveral launch center in Florida in December 2020.  The satellite will be launched into 
a nominal circular, sun-synchronous orbit at 550 km apogee and 550 km perigee with an inclination 
from the equator of 97.5°.  An orbital lifetime calculation for this orbit estimates that the satellite 
will remain in orbit for approximately 4.57 years (under worst case conditions), well within the 
limits set by internationally accepted guidelines.2 
 
TT&C Earth Station. RBC Signals will utilize a LimeSDR Mini radio transceiver and associated 
equipment, including an M2 Antenna Systems 400CP30A Yagi antenna (with an antenna gain of 
16.2 dBi) to conduct TT&C operations.  The earth station is located at RBC Signals’ existing 
facility in Windham, New York, and will receive in the 401.0375-401.0625 MHz band (25 kHz 
bandwidth) and transmit in the 401.0875-401.1125 MHz band (25 kHz bandwidth).  TT&C 
operations in the 401-402 MHz band will take place intermittently when the satellite is in view of 
the earth station site.  RBC Signals will coordinate the TT&C operations as needed to ensure 
compatibility with any other co-frequency operations in the area.   
 

 
2 See Orbital Debris Assessment Report (attached). 



The antenna patterns for the UHF transmit antenna at the earth station site is illustrated in Figure 
2, below. 
 

 
 

 

 

 

 

 

 

 

 

 

Figure 2. UHF Monopole Antenna Pattern 

Operational Parameters. In addition to the draft FCC Form 312 Schedule B provided with this 
application, RBC Signals provides a summary of key technical parameters of the telemetry and 
tracking downlink operations and telecommand uplink operations include: 
 

• 0.12 W earth station transmitter output power, 7.0 dBW EIRP 
• 0.8 W spacecraft transmitter output power, 2.0 dBW EIRP 
• Tx (satellite downlink) from 401.0375-401.0625 MHz (25 kHz bandwidth) 
• Rx (satellite uplink) from 401.0875-401.1125 MHz (25 kHz bandwidth) 
• GFSK modulation (also AFSK modulation for 1.2 kbps downlink) 
• 9.6 kbps uplink, 1.2/9.6 kbps downlink 

 
Satellite telemetry and tracking communications will begin once the Aurorasat-1 spacecraft has 
been deployed into its intended orbit. 
 
Satellite Antenna Pattern.  The antenna patterns for the Aurorasat-1 UHF transmit antenna is 
illustrated in Figure 3. 
 



 
 

Figure 3. Satellite UHF TX/RX Antenna Pattern 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
II. AuroraSat-1 Orbital Debris Assessment Report (ODAR) 
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Self-assessment of the ODAR using the format in Appendix A.2 of 
NASA-STD-8719.14: 
 
A self-assessment is provided below in accordance with the assessment format provided in 
Appendix A.2 of NASA-STD-8719.14.  
 

Section Status Comments 

4.3-1, Mission-Related Debris Passing Through 
LEO 

COMPLIANT  

4.3-2, Mission-Related Debris Passing Near GEO COMPLIANT  

4.4-1, Limiting the risk to other space systems 
from accidental explosions during 
deployment and mission operations while in orbit 
about Earth or the Moon 

COMPLIANT  

4.4-2, Design for passivation after completion of 
mission operations while in orbit 
about Earth or the Moon 

N/A  

4.4-3, Limiting the long-term risk to other space 
systems from planned breakups 

COMPLIANT  

4.4-4, Limiting the short-term risk to other space 
systems from planned breakups 

COMPLIANT  

4.5-1, Probability of Collision with Large Objects COMPLIANT  

4.5-2, Probability of Damage from Small Objects COMPLIANT System will passively deorbit; 
therefore, no components are 
critical to deorbit. 

4.6-1, Disposal for space structures passing 
through LEO 

COMPLIANT  

4.6-2, Disposal for space structures passing 
through GEO 

N/A  

4.6-3, Disposal for space structures between LEO 
and GEO 

N/A  

4.6-4, Reliability of post-mission disposal 
operations 

COMPLIANT  

4.8-1, Collision Hazards of Space Tethers COMPLIANT  
 
 



Assessment Report Format: 
 
ODAR Technical Sections Format Requirements:  
 
Aurora Propulsion Technologies is a Finnish company.  This ODAR follows the format in 
NASA-STD-8719.14, Appendix A.1 and includes the content indicated as a minimum, in each of 
Sections 2 through 8 below for the AuroraSat mission.  Sections 9 through 14 apply to the launch 
vehicle ODAR and are not covered here. 
 

ODAR Section 1:  Program Management and Mission Overview 
 
Program/Project Manager:  Janne Sievinen  
 
Senior Management:  Perttu Yli-Opas (Chief Technology Officer) 
 
Launch and deployment profile, including all parking, transfer, and operational orbits 
with apogee, perigee, and inclination:  The AuroraSat mission will consist of a single satellite 
launched into sub-synchronous circular orbit with nominal orbit altitude of 550 km (based upon a 
range of SSO orbit altitudes from 500km to 600km).   
 
Schedule of upcoming mission milestones:  
 

• Scheduled Launch Date:  December 16, 2020 Aurora Propulsion Technologies has 
contracted SpaceX Rideshare to broker the AuroraSat launch. SpaceX’s most recent 
manifest indicates a launch window of December 1, 2020 – December 31, 2020. 

 
Mission Overview:  Each AuroraSat satellite will be launched into a sun-synchronous, Low 
Earth Orbit (LEO).  Each satellite bus will use magnetic torque coils, solar arrays, GPS, an IMU 
and a water-based resistojet propulsion module to enable 3-axis pointing control. 
 
Launch Vehicle and Launch Site:  AuroraSat:  Falcon 9 Launch Vehicle, Dedicated SSO 
Rideshare Mission #1.  The launch site is Cape Canaveral, Florida.  The Falcon-9 launch vehicle 
will transport multiple mission payloads to orbit.   
 
AuroraSat will be deployed into an approximately sun synchronous circular low Earth orbit.  
AuroraSat will deploy one solar panels and UHF antenna once deployed from the Momentus 
Vigoride deployer fitted with an ISIS Quadpack CubeSat deployer.   The spacecraft is expected 
to be deployed with the following orbital parameters:3 
 
Highest Apogee: 600 km 
 
Highest Perigee: 600 km 

 
3 The AuroraSat satellite will be deployed between 500 km and 550 km at the discretion of the launch service 
provider.  Aurora Propulsion Technologies has assumed a 550 km orbital altitude for AuroraSat for purposes of this 
orbital debris analysis report. 



Target Inclination:  97.5° ± 0.3° 

AuroraSat is demonstrating an on-board water-based propulsion system and an electro-magnetic 
(“EM”) microtether based deorbiting mechanism.  However, AuroraSat does not plan to actively 
change its orbit during the mission and will only deploy the microtether at the end of the mission. 
Therefore, there is no parking or transfer orbit. 

Mission Duration:  The anticipated lifetime of the spacecraft is two years in LEO. 

ODAR Section 2: Spacecraft Description: 

Physical description of the constellation:  The AuroraSat satellite is based on the SatRevolution 
NanoBus bus.  Basic physical dimensions are 200 mm x 100 mm x 100 mm with a mass of 
approximately 1.8 kg. The satellite is composed of the NanoBus 2U bus, deployable solar panel, 
and two payloads, an EM microtether to expedite deorbit and a water-based resisto-jet propulsion 
module for AOCS.  The solar panel generates up to 8 W of electric power which is stored in a 
35Wh COTS Li-Ion unpressurized battery assembly.  The bus is 3-axis stabilized, employing 
GPS, 9-DOF IMU and the solar panels for attitude knowledge and magnetic torque rods and a 
water-based resisto-jet AOCS system for attitude control.   

The AuroraSat satellite will be separated from the Falcon 9 launch vehicle using the Momentus 
Vigoride deployer fitted with an ISIS CubeSat deployer which provide debris-free actuation. 

The AuroraSat spacecraft is depicted in Figure 1 for the pre-deployment configuration and in 
Figure 3 for the post-deployment configuration. 



 
 

Figure 2  AuroraSat Spacecraft Configuration – Pre-deployment 

 

 
 

Figure 3  AuroraSat Spacecraft Configuration – Post-deployment 

 



 
 
Total satellite mass at launch, including all propellants and fluids:  1.8 kg. 
 
Dry mass of satellites at launch: 1.73 kg. (70g of water/methanol-based propellant onboard) 
 
Description of all propulsion systems (cold gas, mono-propellant, bi-propellant, electric, 
nuclear):  70g of water/methanol-based propellant onboard 
 
Identification, including mass and pressure, of all fluids (liquids and gases) planned to be 
on board and a description of the fluid loading plan or strategies, excluding fluids in sealed 
heat pipes:  70g of water/methanol propellant and 0.7g of nPentane technical grade pressurant.  
Tank pressure will not exceed 50kPa, in accordance with cubesat launch standards. 
 
Fluids in Pressurized Batteries:  None  
 
The AuroraSat satellite uses a three-cell unpressurized standard Lithium-Ion battery cells in each 
spacecraft.  The total capacity energy capacity per spacecraft is 35 W-h. 
 
Description of attitude control system and indication of the normal attitude of the 
spacecraft with respect to the velocity vector:  The AuroraSat spacecraft attitude will be 
controlled initially by torque rods, which will allow the satellite to be aligned relative to the 
Earth’s magnetic field. These will allow the satellite to detumble and align with the magnetic 
field.   
 

• A safe mode that is optimized for solar power generation from the satellite.  The 
spacecraft’s deployable panel will be oriented towards the sun.  

• A targeted tracking mode, which will allow the satellite nadir panel to be directed at any 
location on the Earth’s surface.   

• An LVLH mode that keeps the nadir panel pointed towards the Earth’s surface.  
 
Description of any range safety or other pyrotechnic devices:  None.   
 
The AuroraSat satellite will be released from the Falcon 9 launch vehicle using the Momentus 
Vigoride deployer fitted with an ISIS CubeSat deployer which provides debris-free actuation. 
 
Description of the electrical generation and storage system: Standard Lithium-Ion battery 
cells are charged before payload integration and provide 35 W-h of electrical energy during the 
eclipse portion of the satellite’s orbit.  The Solar Cells generate a maximum on-orbit power of 
approximately 7 W at the end-of-life of the mission (2 years for calculation purposes).  
 
Identification of any other sources of stored energy not noted above:  None  
 
Identification of any radioactive materials onboard: None 
 
 



ODAR Section 3: Assessment of Spacecraft Debris Released during 
Normal Operations: 
 
Identification of any object (>1 mm) expected to be released from the spacecraft any time 
after launch, including object dimensions, mass, and material: None.  
 
Rationale/necessity for release of each object:  N/A.  
 
Time of release of each object, relative to launch time:  N/A.  
 
Release velocity of each object with respect to spacecraft:  N/A.  
Expected orbital parameters (apogee, perigee, and inclination) of each object after release:  
N/A.  
 
Calculated orbital lifetime of each object, including time spent in Low Earth Orbit (LEO): 
N/A.  
 
Assessment of spacecraft compliance with Requirements 4.3-1 and 4.3-2 (per DAS v2.1.1)  
4.3-1, Mission Related Debris Passing Through LEO: COMPLIANT  
4.3-2, Mission Related Debris Passing Near GEO:  COMPLIANT 
 
 

ODAR Section 4:  Assessment of Spacecraft Intentional Breakups and 
Potential for Explosions. 
 
Potential causes of spacecraft breakup during deployment and mission operations: There is no 
credible scenario that would result in spacecraft breakup during normal deployment and 
operations.  
 
Summary of failure modes and effects analyses of all credible failure modes which may 
lead to an accidental explosion:  The in-orbit failure of a battery cell protection circuit could 
lead to a short circuit resulting in overheating and a very remote possibility of battery cell 
explosion.  
 
Detailed plan for any designed spacecraft breakup, including explosions and intentional 
collisions:  There are no planned breakups.  
 
List of components which shall be passivated at End-of-Mission (EOM) including method 
of passivation and amount which cannot be passivated:   
 

• Three (3) Lithium Ion Battery Cells – configure spacecraft to prevent battery charging, let 
batteries deplete 

• Propulsion – all propellant will be vented before passivation 
 



Rationale for all items which are required to be passivated, but cannot be due to their 
design: None 

Assessment of spacecraft compliance with Requirements 4.4-1 through 4.4-4: 

Requirement 4.4-1: Limiting the risk to other space systems from accidental explosions 
during deployment and mission operations while in orbit about Earth or the Moon:   “For 
each spacecraft and launch vehicle orbital stage employed for a mission, the program or project 
shall demonstrate, via failure mode and effects analyses or equivalent analyses, that the 
integrated probability of explosion for all credible failure modes of each spacecraft and launch 
vehicle is less than 0.001 (excluding small particle impacts) (Requirement 56449).” 
Compliance statement:  

Required Probability: 0.001. 

Expected probability: 0.000; COMPLIANT.  

Supporting Rationale and FMEA details:  

Battery explosion:   

On-orbit failure of a battery cell protection circuit could lead to a short circuit resulting in 
overheating and a very remote possibility of battery cell deflagration.  Multiple independent 
failures must first occur for this effect.  In the event of an unlikely explosion, the effect to the 
far-term LEO environment is considered negligible due to the following:  

• AuroraSat satellite has a short orbital life due to the low orbital altitude (<6 years under
worst-case failure conditions)

• AuroraSat satellite has very low mass
• AuroraSat satellite has spacecraft structural covers will likely contain debris results from

a battery rupturing, except for those that may be vented through small orifices

Requirement 4.4-2: Design for passivation after completion of mission operations while in 
orbit about Earth or the Moon:  

‘Design of all spacecraft and launch vehicle orbital stages shall include the ability to deplete all 
onboard sources of stored energy and disconnect all energy generation sources when they are no 
longer required for mission operations or post-mission disposal or control to a level which can 
not cause an explosion or deflagration large enough to release orbital debris or break up the 
spacecraft (Requirement 56450).”  

Compliance statement:  At EOM, all propellant and pressurant will be vented and the cubesat 
will deploy the EM microtether to begin accelerated deorbit.  In the unlikely event that a battery 
cell does explosively rupture, the small size, mass, and potential energy, of these small batteries 
is such that while the spacecraft could be expected to vent gases, most debris from the battery 



rupture should be contained within the spacecraft due to the lack of penetration energy to the 
multiple enclosures surrounding the batteries. 
 
Requirement 4.4-3. Limiting the long-term risk to other space systems from planned 
breakups: Compliance statement:  This requirement is not applicable. There are no planned 
breakups.  
 
Requirement 4.4-4: Limiting the short-term risk to other space systems from planned 
breakups: Compliance statement: This requirement is not applicable. There are no planned 
breakups. 
 
 

ODAR Section 5: Assessment of Spacecraft Potential for On-Orbit 
Collisions 
 
 
Assessment of spacecraft compliance with Requirements 4.5-1 and 4.5-2 (per DAS v2.1.1, 
and calculation methods provided in NASA-STD-8719.14, section 4.5.4): 
 
 Requirement 4.5-1. Limiting debris generated by collisions with large objects when 
operating in Earth orbit:  
 
“For each spacecraft and launch vehicle orbital stage in or passing through LEO, the program 
or project shall demonstrate that, during the orbital lifetime of each spacecraft and orbital stage, 
the probability of accidental collision with space objects larger than 10 cm in diameter is less 
than 0.001 (Requirement 56506).” 
 
Large Object Impact and Debris Generation Probability: 0.00000; COMPLIANT.   
 
Requirement 4.5-2. Limiting debris generated by collisions with small objects when 
operating in Earth or lunar orbit:  
 
“For each spacecraft, the program or project shall demonstrate that, during the mission of the 
spacecraft, the probability of accidental collision with orbital debris and meteoroids sufficient to 
prevent compliance with the applicable postmission disposal requirements is less than 0.01 
(Requirement 56507).”  
 
Small Object Impact and Debris Generation Probability: Not applicable; the spacecraft is 
planned orbital disposal by atmospheric entry and does not require a specific spacecraft 
orientation and drag state to meet the disposal requirements.  Therefore, no element or 
component of the spacecraft system is required to complete post-mission operations. 
 
Identification of all systems or components required to accomplish any post-mission 
disposal operation, including passivation and maneuvering:  None 
 



 

ODAR Section 6: Assessment of Spacecraft Post-Mission Disposal 
Plans and Procedures 
 
 
6.1 Description of spacecraft disposal option selected:  The satellite includes a pair of 
microtethers, 100m each in length, that will be deployed to accelerate the natural deorbit process.  
In the case of tether deployment failure, the satellite will still de-orbit naturally by atmospheric 
re-entry.  The water-based resisto-jet propulsion system is only for attitude control.  
 
6.2 Plan for any spacecraft maneuvers required to accomplish post-mission disposal:  None 
 
6.3 Calculation of area-to-mass ratio after post-mission disposal, if the controlled reentry 
option is not selected:    
 
Spacecraft Mass:  1.8 kg  
 
Cross-sectional Area: 0.0167 m2  
 
(Calculated by DAS 2.1.1).   Area to mass ratio: 0167/1.8 = 0.00926 m2/kg  
 
6.4 Assessment of spacecraft compliance with Requirements 4.6-1 through 4.6-5 (per DAS 
v2.1.1 and NASA-STD-8719.14 section):  Requirement 4.6-1. Disposal for space structures 
passing through LEO:  
 
“A spacecraft or orbital stage with a perigee altitude below 2000 km shall be disposed of by one 
of three methods: (Requirement 56557)  
 
a. Atmospheric reentry option: Leave the space structure in an orbit in which natural forces will 
lead to atmospheric reentry within 25 years after the completion of mission but no more than 30 
years after launch; or Maneuver the space structure into a controlled de-orbit trajectory as soon 
as practical after completion of mission. 
 
b. Storage orbit option: Maneuver the space structure into an orbit with perigee altitude greater 
than 2000 km and apogee less than GEO - 500 km.  
 
c. Direct retrieval: Retrieve the space structure and remove it from orbit within 10 years after 
completion of mission.” 
 
Analysis: The AuroraSat satellites’ method of disposal is COMPLIANT using method “a.”  In 
the worst-case orbit altitude of 600 x 600 km near-circular orbit, the passive deorbit time is 13.76 
years after launch with orbit history as shown in Figure 2 if the solar arrays do not deploy.  It 
should be noted that this is assuming a launch date of December 2020.  If the solar arrays do 
deploy, the passive deorbit time will be reduced to 3.66 yrs. 
 



The first spacecraft, AuroraSat will be deployed in a 550 x 550 km nominal near-circular orbit, 
reentering in approximately 4.57 years after launch with orbit history as shown in Figure 3 
(analysis assumes a noon-midnight Sun synchronous orbit with solar array tracking).   If the solar 
arrays deploy, the passive deorbit time will reduce to 2.125 years. 
  
 

 
Figure 4  AuroraSat Orbit History – at Maximum Orbit Altitude of 600 km x 600 km SSO 



 
 

Figure 5  AuroraSat Orbit History – at Nominal Orbit Altitude of 550 km x 550 km SSO 

 
 
Requirement 4.6-2. Disposal for space structures near GEO:   
Analysis is not applicable.  
 
Requirement 4.6-3. Disposal for space structures between LEO and GEO: Analysis is not 
applicable. 
 
Requirement 4.6-4. Reliability of Post-mission Disposal Operations: 
Analysis is not applicable.  The satellite will reenter passively without post mission disposal 
operations within the allowable timeframe. 
 
 

ODAR Section 7: Assessment of Spacecraft Reentry Hazards: 
 
Assessment of spacecraft compliance with Requirement 4.7-1: Requirement 4.7-1. Limit 
the risk of human casualty:  
 



“The potential for human casualty is assumed for any object with an impacting kinetic energy in 
excess of 15 joules: 
a) For uncontrolled reentry, the risk of human casualty from surviving debris shall not exceed 
0.0001 (1:10,000) (Requirement 56626).” 
Summary Analysis Results: DAS v2.1.1 reports that the AuroraSat satellite is COMPLIANT 
with the requirement with a per satellite casualty risk of 1:100000000.   
 
Experimentation has demonstrated that 1:100000000 is the smallest human casualty risk that the 
DAS software will report.  Since the analysis shows all components of the AuroraSat satellites 
demising above an altitude of 60 km and both the Debris Casualty Area and the Impact Kinetic 
Energy are reported as 0.0 in all cases, this reflects 0 chance of human casualty. 
 
This is expected to represent the absolute maximum casualty risk, as calculated with DAS's 
modeling capability.    
 
The DAS Output Summary Follows: 
 
06 16 2020; 15:13:36PM Processing Requirement 4.3-2: Return Status : Passed 
 
===================== 
No Project Data Available 
===================== 
 
=============== End of Requirement 4.3-2 =============== 
06 16 2020; 15:13:40PM Requirement 4.4-3:  Compliant 
 
=============== End of Requirement 4.4-3 =============== 
06 16 2020; 15:21:47PM Processing Requirement 4.5-1: Return Status :  Passed 
 
============== 
Run Data 
============== 
 
**INPUT** 
 
 Space Structure Name = AURORA 
 Space Structure Type = Payload 
 Perigee Altitude = 550.000000 (km) 
 Apogee Altitude = 550.000000 (km) 
 Inclination = 97.500000 (deg) 
 RAAN = 0.000000 (deg) 
 Argument of Perigee = 0.000000 (deg) 
 Mean Anomaly = 0.000000 (deg) 
 Final Area-To-Mass Ratio = 0.009260 (m^2/kg) 
 Start Year = 2020.000000 (yr) 
 Initial Mass = 1.800000 (kg) 
 Final Mass = 1.730000 (kg) 
 Duration = 10.000000 (yr) 
 Station-Kept = False 



 Abandoned = True 
 PMD Perigee Altitude = -1.000000 (km) 
 PMD Apogee Altitude = -1.000000 (km) 
 PMD Inclination = 0.000000 (deg) 
 PMD RAAN = 0.000000 (deg) 
 PMD Argument of Perigee = 0.000000 (deg) 
 PMD Mean Anomaly = 0.000000 (deg) 
 
**OUTPUT** 
 
 Collision Probability = 0.000000 
 Returned Error Message: Normal Processing 
 Date Range Error Message: Normal Date Range 
 Status = Pass 
 
============== 
 
=============== End of Requirement 4.5-1 =============== 
06 16 2020; 15:25:36PM Requirement 4.5-2:  Compliant 
06 16 2020; 15:25:41PM Processing Requirement 4.6 Return Status :  Passed 
 
============== 
Project Data 
============== 
 
**INPUT** 
 
 Space Structure Name = AURORA 
 Space Structure Type = Payload 
 
 Perigee Altitude = 550.000000 (km) 
 Apogee Altitude = 550.000000 (km) 
 Inclination = 97.500000 (deg) 
 RAAN = 0.000000 (deg) 
 Argument of Perigee = 0.000000 (deg) 
 Mean Anomaly = 0.000000 (deg) 
 Area-To-Mass Ratio = 0.009260 (m^2/kg) 
 Start Year = 2020.000000 (yr) 
 Initial Mass = 1.800000 (kg) 
 Final Mass = 1.730000 (kg) 
 Duration = 10.000000 (yr) 
 Station Kept = False 
 Abandoned = True 
 PMD Perigee Altitude = -1.000000 (km) 
 PMD Apogee Altitude = -1.000000 (km) 
 PMD Inclination = 0.000000 (deg) 
 PMD RAAN = 0.000000 (deg) 
 PMD Argument of Perigee = 0.000000 (deg) 
 PMD Mean Anomaly = 0.000000 (deg) 
 
**OUTPUT** 



 
 Suggested Perigee Altitude = 550.000000 (km) 
 Suggested Apogee Altitude = 550.000000 (km) 
 Returned Error Message = Reentry during mission (no PMD req.). 
 
 Released Year = 2025 (yr) 
 Requirement = 61 
 Compliance Status = Pass 
 
============== 
 
=============== End of Requirement 4.6 =============== 
06 16 2020; 15:25:48PM *********Processing Requirement 4.7-1 
 Return Status :  Passed 
 
***********INPUT**** 
 Item Number = 1  
 
name = AURORA 
quantity = 1 
parent = 0 
materialID = 8 
type = Box 
Aero Mass = 1.730000 
Thermal Mass = 1.730000 
Diameter/Width = 0.100000 
Length = 0.200000 
Height = 0.100000 
 
name = Structure-1-HW 
quantity = 84 
parent = 1 
materialID = 62 
type = Cylinder 
Aero Mass = 0.000200 
Thermal Mass = 0.000200 
Diameter/Width = 0.005000 
Length = 0.005000 
 
name = Structure-2 
quantity = 1 
parent = 1 
materialID = 8 
type = Box 
Aero Mass = 0.101000 
Thermal Mass = 0.101000 
Diameter/Width = 0.100000 
Length = 0.200000 
Height = 0.100000 
 
name = Counterweight 



quantity = 1 
parent = 1 
materialID = 14 
type = Cylinder 
Aero Mass = 0.429000 
Thermal Mass = 0.429000 
Diameter/Width = 0.050000 
Length = 0.050000 
 
name = Structure-3 
quantity = 1 
parent = 1 
materialID = 64 
type = Box 
Aero Mass = 0.132000 
Thermal Mass = 0.132000 
Diameter/Width = 0.100000 
Length = 0.200000 
Height = 0.100000 
 
name = Comms Module 
quantity = 1 
parent = 1 
materialID = 27 
type = Box 
Aero Mass = 0.041000 
Thermal Mass = 0.041000 
Diameter/Width = 0.030000 
Length = 0.060000 
Height = 0.030000 
 
name = EPS Module 
quantity = 1 
parent = 1 
materialID = 27 
type = Box 
Aero Mass = 0.056000 
Thermal Mass = 0.056000 
Diameter/Width = 0.030000 
Length = 0.060000 
Height = 0.030000 
 
name = Main Control Module 
quantity = 1 
parent = 1 
materialID = 27 
type = Box 
Aero Mass = 0.055000 
Thermal Mass = 0.055000 
Diameter/Width = 0.030000 
Length = 0.060000 



Height = 0.030000 
 
name = Service Module 
quantity = 1 
parent = 1 
materialID = 27 
type = Box 
Aero Mass = 0.045000 
Thermal Mass = 0.045000 
Diameter/Width = 0.030000 
Length = 0.060000 
Height = 0.030000 
 
name = Payload-1 
quantity = 1 
parent = 1 
materialID = 9 
type = Box 
Aero Mass = 0.557000 
Thermal Mass = 0.557000 
Diameter/Width = 0.100000 
Length = 0.100000 
Height = 0.025000 
 
name = Payload-1-SS 
quantity = 1 
parent = 1 
materialID = 59 
type = Box 
Aero Mass = 0.032000 
Thermal Mass = 0.032000 
Diameter/Width = 0.020000 
Length = 0.040000 
Height = 0.020000 
 
name = Payload-2-HW 
quantity = 18 
parent = 1 
materialID = 65 
type = Cylinder 
Aero Mass = 0.000150 
Thermal Mass = 0.000150 
Diameter/Width = 0.005000 
Length = 0.005000 
 
name = Structure-1-Beams 
quantity = 2 
parent = 1 
materialID = 62 
type = Box 
Aero Mass = 0.035000 



Thermal Mass = 0.035000 
Diameter/Width = 0.010000 
Length = 0.100000 
Height = 0.010000 
 
name = Structure-1-Rails 
quantity = 4 
parent = 1 
materialID = 62 
type = Box 
Aero Mass = 0.019000 
Thermal Mass = 0.019000 
Diameter/Width = 0.010000 
Length = 0.050000 
Height = 0.010000 
 
name = Payload-2-Shafts 
quantity = 2 
parent = 1 
materialID = 65 
type = Cylinder 
Aero Mass = 0.003560 
Thermal Mass = 0.003560 
Diameter/Width = 0.005000 
Length = 0.500000 
 
name = Payload-2-spring 
quantity = 2 
parent = 1 
materialID = 54 
type = Cylinder 
Aero Mass = 0.001800 
Thermal Mass = 0.001800 
Diameter/Width = 0.005000 
Length = 0.050000 
 
name = Pauyload-2 
quantity = 1 
parent = 1 
materialID = 9 
type = Box 
Aero Mass = 0.150000 
Thermal Mass = 0.150000 
Diameter/Width = 0.100000 
Length = 0.100000 
Height = 0.015000 
 
**************OUTPUT**** 
Item Number = 1  
 
name = AURORA 



Demise Altitude = 77.992905 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Structure-1-HW 
Demise Altitude = 77.485275 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Structure-2 
Demise Altitude = 77.387825 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Counterweight 
Demise Altitude = 69.358315 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Structure-3 
Demise Altitude = 77.798920 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Comms Module 
Demise Altitude = 77.585220 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = EPS Module 
Demise Altitude = 77.427856 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Main Control Module 
Demise Altitude = 77.444450 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Service Module 
Demise Altitude = 77.543938 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 



 
************************************* 
name = Payload-1 
Demise Altitude = 69.056633 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Payload-1-SS 
Demise Altitude = 73.749817 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Payload-2-HW 
Demise Altitude = 77.339943 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Structure-1-Beams 
Demise Altitude = 73.499924 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Structure-1-Rails 
Demise Altitude = 72.986908 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Payload-2-Shafts 
Demise Altitude = 0.000000 
Debris Casualty Area = 0.845000 
Impact Kinetic Energy = 0.056451 
 
************************************* 
name = Payload-2-spring 
Demise Altitude = 77.166267 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
name = Pauyload-2 
Demise Altitude = 75.024567 
Debris Casualty Area = 0.000000 
Impact Kinetic Energy = 0.000000 
 
************************************* 
 



=============== End of Requirement 4.7-1 =============== 
 
Requirements 4.7-1b, and 4.7-1c:  
These requirements are non-applicable requirements because the AuroraSat mission does not use 
controlled reentry.  
 
4.7-1, b):    “For controlled reentry, the selected trajectory shall ensure that no surviving debris 
impact with a kinetic energy greater than 15 joules is closer than 370 km from foreign 
landmasses, or is within 50 km from the continental U.S., territories of the U.S., and the 
permanent ice pack of Antarctica (Requirement 56627).”  
 
Not applicable to YAM.  The spacecraft does not use controlled reentry and no debris is 
expected to survive. 
 
4.7-1 c):  “For controlled reentries, the product of the probability of failure of the reentry burn 
(from Requirement 4.6-4.b) and the risk of human casualty assuming uncontrolled reentry shall 
not exceed 0.0001 (1:10,000) (Requirement 56628).” 
Not applicable to AuroraSat.  It does not use controlled reentry and no debris is expected to 
survive. 
 
 

ODAR Section 8: Assessment for Tether Missions 
The AuroraSat mission includes an EM tether that is less than 300m long.  The tether will be 
deployed at the end of the mission to accelerate satellite deorbit.  While not required, the 
following shows the DAS analysis results for the tether.  
 
The EM microtether design consists of two wires that are ~50um in diameter, spaced 5cm apart 
and connect every 5cm to assure that a single micro-meteorite collision would not cause the 
tether to be severed.  The tether mass is less than 200 mg / m.  The low mass of the tether has 
been shown in the literature to cause minimal damage, typically in the form of small linear 
scratches when colliding at hypervelocity with another object.  It is possible that the metallic 
nature of the microtether could result in the localized shorting of solar array strings.  However, it 
is much more likely that the microtether would just completely vaporize upon collision with a 
solar array.  The inputs and outputs of the DAS tether analysis are illustrated in Figure 6. 
 



 
Figure 6  Results of the DAS Tether Analysis 

 
 
Results from the DAS Tether analysis are provided below: 
 
06 16 2020; 15:38:19PM Processing Requirement 4.8-1: Return Status :  Passed 
 
============== 
Project Data 
============== 
 
**INPUT** 
 Tether Diameter = -1717986918 
 Tether Length = 100.000000 
 Tether Mass = 0.100000 
 EM Tether = Yes 
 duration EM = 365.000000 
 Launch Year = 2020.000000 
 Deployed Year = 2021.500000 
 Retraction Year = 3000.000000 
 Perigee of Highest Mass = 550.000000 
 Apogee of Highest Mass = 550.000000 
 RAAN = -1.000000 
 Inclination = 97.500000 
 Argument of Perigee = -1.000000 



 Mass of Highest Altitude End Mass = 1.730000 
 Mass of Lowest Altitude End Mass = 0.015000 
 Cross Sectional Area of Highest Altitude End Mass = 0.020000 
 
**OUTPUT** 
 sever = 0.000000 
 
END of ODAR for AuroraSat 
 
-------------------------------------------------------------- 
 

Appendix A:  Acronyms 
 
Arg peri          Argument of Perigee 
CDR                Critical Design Review 
cm                   centimeter 
COTS              Commercial Off-The-Shelf (items) 
DAS                Debris Assessment Software 
EOM  End Of Mission 
FRR  Flight Readiness Review 
GEO  Geosynchronous Earth Orbit 
ITAR  International Traffic In Arms Regulations 
kg  kilogram 
km  kilometer 
LEO  Low Earth Orbit 
Li-Ion  Lithium Ion 
m2  Meters squared 
ml  milliliter 
mm  millimeter 
N/A  Not Applicable. 
NET  Not Earlier Than 
ODAR  Orbital Debris Assessment Report 
OSMA  Office of Safety and Mission Assurance 
PDR  Preliminary Design Review 
PL  Payload 
ISIPOD ISIS CubeSat Deployer 
PSIa  Pounds Per Square Inch, absolute 
RAAN  Right Ascension of the Ascending Node 
SMA  Safety and Mission Assurance 
Ti  Titanium 
Yr  year 

 



III. Radiation Hazard Analysis
400 MHz Earth Station

This study analyzes the non-ionizing radiation levels for a 400 MHz Yagi tracking earth 
station.  This report is developed in accordance with the prediction methods contained in 
OET Bulletin No. 65, Evaluating Compliance with FCC Guidelines for Human Exposure 
to Radio Frequency Electromagnetic Fields, Edition 97-01.   

Bulletin No. 65 specifies that there are two separate tiers of exposure limits that are 
depending on the area of exposure and/or the status of the individuals who are subject to 
the exposure -- the General Population/Uncontrolled Environment and the Controlled 
Environment, where the general population cannot access. 

The maximum level of non-ionizing radiation to which individuals may be exposed is 
limited to a power density level of 1.33 milliwatts per square centimeter (1.33 mW/cm2) 
averaged over any 6 minute period in a controlled environment, and the maximum level 
of non-ionizing radiation to which the general public is exposed is limited to a power 
density level of 0.27 milliwatt per square centimeter (0.27 mW/cm2) averaged over any 
30 minute period in a uncontrolled environment.   

In the normal range of transmit powers for satellite antennas, the power densities at or 
around the antenna surface are expected to exceed safe levels.  The purpose of this study 
is to determine the power flux density levels for the earth station under study as 
compared with the MPE limits. This comparison is done in each of the following regions: 

1. Far-field region
2. Near-field region
3. Transition region
4. The region between the antenna edge and the ground

Input Parameters 
The following input parameters were used in the calculations: 

  Parameters:  Value      Unit      Symbol 
Antenna Diameter  3.57 m D 
Antenna Transmit Gain  16.2 dBi G 
Transmit Frequency  400 MHz f 
Power Input to the Antenna 0.2      W P 

Calculated Parameters 
The following values were calculated using the above input parameters and the 
corresponding formulas, below:  



Parameter  Value Unit Symbol Formula 
Antenna Surface Area 1.964   m2   A Gλ2/(4π)/λ 
Antenna Efficiency  0.95   η Gλ2/( π2D2) 
Gain Factor  41.7   g 10 G/10

Wavelength  0.75   m  λ 300/f 

Behavior of EM Fields as a Function of Distance 
The behavior of the characteristics of EM fields varies depending on the distance from 
the radiating antenna.  These characteristics are analyzed in three primary regions: the 
near-field region, the far-field region and the transition region. Of interest also is the 
region between the antenna and ground. 

For yagi antennas with circular cross sections, such as the antenna under study, the near-
field, far-field and transition region distances are calculated as follows:  

 Parameter  Value   Unit Formula 
Near-Field Distance  4.25  m              Rnf = D2/(4λ) 
Distance to Far-Field  10.2  m           Rff = 0.60D2/(λ) 
Distance of Transition Region 4.25  m              Rt = Rnf            

The distance in the transition region is between the near and far fields.  Thus, Rnf < Rt < 
Rff.  However, the power density in the transition region will not exceed the power 
density in the near-field. Therefore, for purposes of the present analysis, the distance of 
the transition region can equate the distance to the near-field. 

Power Flux Density Calculations 
The power flux density is considered to be at a maximum through the entire length of the 
near-field. This region is contained within a cylindrical volume with a diameter, D, equal 
to the diameter of the antenna. In the transition region and the far-field, the power density 
decreases inversely with the square of the distance. The following equations are used to 
calculate power density in these regions. 

Parameter   Value   Unit Symbol Formula 
Power Density in the Near-Field  0.039 mW/cm2    Snf 16.0 η P/(πD2) 
Power Density in the Far-Field  0.0064 mW/cm2    Sff GP/(4π Rff2) 
Power Density in the Transition Region 0.039 mW/cm2    St Snf Rnf /(Rt) 

The power density between the antenna and ground, is calculated as follows: 

Parameter Value        Unit        Symbol      Formula 
Power Density b/w Reflector and Ground 0.01 mW/cm2   Sg    P / A 

The below table summarizes the calculated power flux density values for each region. In 
a controlled environment, the only regions that exceed FCC limitations are shown below.  



These regions are only accessible by trained technicians who, as a matter of procedure, 
turn off transmit power before performing any work in these areas.  
 
 
 Power Density                 Value               Unit           Controlled Environment 
Far Field Calculation 0.0064 mW/cm2  Satisfies FCC MPE 
Near Field Calculation 0.039 mW/cm2  Satisfies FCC MPE 
Transition Region 0.039 mW/cm2  Satisfies FCC MPE 
Region b/w Antenna & Ground 0.01 mW/cm2  Satisfies FCC MPE 

 
In conclusion, the results show that the antenna, in a controlled environment, may exist in 
the regions noted above and applicant will take the proper mitigation procedures to 
ensure it meets the guidelines specified in 47 C.F.R. § 1.1310. 
 
The antenna will be installed at 42°20’11.3” N 74°15’37.4” W in Windham, NY. Access 
to the antenna will be limited to authorized personnel and should safely restrict any 
public access.   It should be noted that the operations of this antenna satisfy the FCC 
MPE limits for the general population. Nonetheless, the earth station will be marked with 
the standard radiation hazard warnings, as well as the area in the vicinity of the earth 
station to inform the general population, who might be working or otherwise present in or 
near the path of the main beam. 
 
The applicant will ensure that the main beam of the antenna will be pointed at least one 
diameter away from any building, or other obstacles in those areas that exceed the MPE 
limits.  Since one diameter removed from the center of the main beam the levels are 
down at least 20 dB, or by a factor of 100, public safety will be ensured. 
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1 Meta
This section details the document itself rather that its contents

1.1 Revision History
Revision Date Author Description Reasoning

0.2 2020-06-10 Vili Vilenius New formatting Formatting improvements
0.1 2020-06-09 Pyry Peitso Initial version Document initialization

1.2 Purpose

The purpose of the Microtether Safety Document (MSD) is to

• Present the concept of a Microtether as opposed to a traditional space tether

• Show that microtethers are significantly safer in operational usage

• Present rudimentary FMECA table for microtether operations

Microtethers are considerably safer to operate than traditional space tether systems, due to
their significantly smaller size and mass. Test flights are yet to be done, but extensive analysis
and simulation on the safety aspects are available.

1.3 Scope

To present a brief summary of the Plasma Brake technology related to Microtether, and
summarize scientific research related to safety of plasma brake operations to demonstrate the
low impact hazard of the Microtether technology. Finally, a rudimentary FMECA analysis on
different types of failure modes is presented.
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2 Nomenclature
Terms and abbreviations used in this document are defined in the listing below.

Definitions
Microtether a tether that has on average mass of less than 200 milligrams (mg) per length

of one meter (200 mg/m). 1, 2

Plasma Brake is novel, propellantless deorbiting technology that utilizes Coulomb drag to
deorbit satellites in an efficient manner. The system consists of a very long deployable
microtether of several hundreds of meters of length. 1

Acronyms
ESA European Space Agency. 3

In addition to the list above, the general terms are defined in Aurora Glossary of Terms &
Definitions

3 Space Tether Overview
Space tethers are challenging system to deploy and operate in a space environment. Very
large constructs with intricate deployment mechanisms, they are also quite fragile to the
micrometeoroid and space debris hazards that are present especially Low Earth Orbit. The
large tether system also proposes a hazard for other space borne systems in case of accidental
collision [1].

4 Microtether definition
To differentiate a microtether from traditional space tether systems, the following definition
is suggested: a tether is classified as a Microtether in case the total mass does not exceed the
limit of 200 mg mass per length of 1 meter (200 mg/m).

5 Microtether operations
While tether deployment remains a challenging task, the safety concerns are largely mitigated
by the significantly smaller size of the system.Impact hazard to space debris and micromete-
oroids decreases since a microtether is of significantly smaller size. Impact hazard to other
space systems is similarly much lower than with traditional tether systems.

The hazard to a micro tether snapping from space debris and micrometeoroid impact remains.
In this case the detaching part of the tether poses little space debris risk due to it’s low mass
and very rapid destruction due to air drag in lower orbits.

2(5)
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6 Microtether Safety
Though microtethers have not been widely deployed to space missions yet, the safety criteria
has been widely studied in the literature:

"The safety risk is relevant to active space assets, since the system is quite large, considering
the length of the deployed tether. If the tether or part of it were to collide with other spacecraft
at orbital hypervelocity, no significant harm or damage to the object, the tether collides with,
would occur. Linear scratches resulting from such an accident would be equivalent to ones
that spacecraft experience constantly under nominal operation. Optical elements are typically
protected by baffles. If the collision happens with solar cells, it might cause a short circuit
via the conductive tether; however, it was estimated that the tether will evaporate in a
hypervelocity impact [37]." [2]

As well as in European Space Agency (ESA) projects:

"If the main tether collides with an active satellite at orbital hypervelocity, each subwire of
the tether makes a small linear scratch where it collides. Satellites survive scratches of same
and larger size all the time because of the existing micrometeoroid and debris environment. If
the collision is with a solar panel, there could in principle be a risk that exposed conductors
of the panel could be short-circuited by the tether (Stephen Taylor, private communication),
but because the hypervelocity collision causes the tether to evaporate, such risk does not exist
in reality. A concern was also raised during the project that may optical instruments might
be harmed by such collisions, but since optical instruments are protectedby a baffle, the risk
should be minimal (Tiaro Soares, private communication)" [3]

In conclusion, it is reasonable to assume that many of the shortcomings related to tether
systems with regards to impact safety, both to other space systems as well as micrometeoroid
and space debris impact, are significantly improved with the usage of microtether systems.
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7 Failure Modes
Below are listed expected failure modes of the microtether system. It is worth noting that none of them critically endanger the full satellite.
System Failure mode Failure cause Local effect Severity Recovery Notes

Tether snapped Tether snaps
Space debris
or micromete-
oroid impact

Partial loss
of tether

Deorbit
mission
disrupted

No recovery
possible

Deorbit mission can proceed with par-
tial tether

Tether end mass
detached

End mass de-
taches during
deployment

Tether system
structural fail-
ure

Tether de-
ployment
disrupted

Deorbit
mission
disrupted

Recovery is
unlikely

Deorbit mission can proceed with par-
tial tether. End mass is of low mass
and volume and poses very little haz-
ard to other space assets

Tether collision
Fully deployed
tether collision

Tether impact
with another
space asset

In-orbit col-
lision with
another space
asset

Partial loss
of tether

Deorbit
mission
disrupted

No recovery
possible

Deorbit mission can proceed with par-
tial tether. Snapped tether is of very
low mass and volume, and thus poses
no threat to the impacted space asset.
It will disintegrate rapidly in the atmo-
sphere.

4(5)



MSD rev. 0.2

References
[1] Donald D Tomlin, Gwyn C Faile, Kazuo B Hayashida, Cynthia L Frost, Carole Y Wagner,

Michael L Mitchell, Jason A Vaughn, and Michael J Galuska. Space tethers: Design
criteria. 1997.

[2] Iaroslav Iakubivskyi, Pekka Janhunen, Jaan Praks, Viljo Allik, Kadri Bussov, Bruce Clay-
hills, Janis Dalbins, Tõnis Eenmäe, Hendrik Ehrpais, Jouni Envall, et al. Coulomb drag
propulsion experiments of estcube-2 and foresail-1. Acta Astronautica, 2019.

[3] Pekka Janhunen, Petri Toivanen, and Jouni Envall. Electrostatic tether plasma brake,.
ESA CleanSat Building Block 15 final report, 2017.

5(5)



��������� KWWSV���OLFHQVLQJ�IFF�JRY�LEIVZHE�LE�SDJH�)HWFK)RUP"LGBDSSBQXP ������	IRUP 3���B����KWP	PRGH GLVSOD\

KWWSV���OLFHQVLQJ�IFF�JRY�LEIVZHE�LE�SDJH�)HWFK)RUP"LGBDSSBQXP ������	IRUP 3���B����KWP	PRGH GLVSOD\ ���

$SSURYHG�E\�20%�
���������

'DWH�	�7LPH�)LOHG��
)LOH�1XPEHU������
&DOOVLJQ�6DWHOOLWH�,'�

$33/,&$7,21�)25�($57+�67$7,21�$87+25,=$7,216�

)&&�����0$,1�)250�
)25�2)),&,$/�86(�21/<�

)&&�8VH�2QO\

$33/,&$17�,1)250$7,21
(QWHU�D�GHVFULSWLRQ�RI�WKLV�DSSOLFDWLRQ�WR�LGHQWLI\�LW�RQ�WKH�PDLQ�PHQX�
'UDIW�)RUP������'D\�67$�IRU�:LQGKDP�$XURUD6DW�
�����/HJDO�1DPH�RI�$SSOLFDQW
1DPH� 5%&�6LJQDOV��//& 3KRQH�1XPEHU� ������������
'%$
1DPH� )D[�1XPEHU�

6WUHHW� ��������QG�$YH�1( (�0DLO� FULFKLQV#UEFVLJQDOV�FRP
&LW\� 5HGPRQG 6WDWH� :$
&RXQWU\� 86$ =LSFRGH� �������
$WWHQWLRQ� 0U��&KULVWRSKHU�5LFKLQV
������1DPH�RI�&RQWDFW�5HSUHVHQWDWLYH
1DPH� &DUORV�1DOGD 3KRQH�1XPEHU� ����������
&RPSDQ\� /0,�$GYLVRUV )D[�1XPEHU�

6WUHHW� �����0�6WUHHW�1: (�0DLO� FQDOGD#OPLDGYLVRUV�FRP
6XLWH����

&LW\� :DVKLQJWRQ 6WDWH� '&
&RXQWU\� 86$ =LSFRGH� ������
$WWHQWLRQ� &DUORV�1DOGD 5HODWLRQVKLS� 2WKHU

&/$66,),&$7,21�2)�),/,1*
����&KRRVH�WKH�EXWWRQ�QH[W�WR�WKH
FODVVLÀFDWLRQ�WKDW�DSSOLHV�WR�WKLV�ÀOLQJ
IRU�ERWK�TXHVWLRQV�D��DQG�E��&KRRVH�RQO\
RQH�IRU���D�DQG�RQO\�RQH�IRU���E�

D��
�D���(DUWK�6WDWLRQ�

�1�$��D���6SDFH�6WDWLRQ

E��
�E���$SSOLFDWLRQ�IRU�/LFHQVH�RI�1HZ�6WDWLRQ�
�E���$SSOLFDWLRQ�IRU�5HJLVWUDWLRQ�RI�1HZ�'RPHVWLF�5HFHLYH�2QO\�6WDWLRQ�

�1�$��E���$PHQGPHQW�WR�D�3HQGLQJ�$SSOLFDWLRQ�
�1�$��E���0RGLÀFDWLRQ�RI�/LFHQVH�RU�5HJLVWUDWLRQ�
�1�$��E���$VVLJQPHQW�RI�/LFHQVH�RU�5HJLVWUDWLRQ�
�1�$��E���7UDQVIHU�RI�&RQWURO�RI�/LFHQVH�RU�5HJLVWUDWLRQ�
�1�$��E���1RWLÀFDWLRQ�RI�0LQRU�0RGLÀFDWLRQ�
�1�$��E���$SSOLFDWLRQ�IRU�/LFHQVH�RI�1HZ�5HFHLYH�2QO\�6WDWLRQ�8VLQJ�1RQ�8�6��/LFHQVHG
6DWHOOLWH�
�1�$��E���/HWWHU�RI�,QWHQW�WR�8VH�1RQ�8�6��/LFHQVHG�6DWHOOLWH�WR�3URYLGH�6HUYLFH�LQ�WKH�8QLWHG
6WDWHV�

�E����2WKHU��3OHDVH�VSHFLI\��
�E����$SSOLFDWLRQ�IRU�(DUWK�6WDWLRQ�WR�$FFHVV�D�1RQ�8�6�VDWHOOLWH�1RW�&XUUHQWO\�$XWKRUL]HG

WR�3URYLGH�WKH�3URSRVHG�6HUYLFH�LQ�WKH�3URSRVHG�)UHTXHQFLHV�LQ�WKH�8QLWHG�6WDWHV�
��F��,V�D�IHH�VXEPLWWHG�ZLWK�WKLV�DSSOLFDWLRQ"�

�,I�<HV��FRPSOHWH�DQG�DWWDFK�)&&�)RUP�����

,I�1R��LQGLFDWH�UHDVRQ�IRU�IHH�H[HPSWLRQ��VHH����&�)�5�6HFWLRQ����������
�*RYHUQPHQWDO�(QWLW\� �1RQFRPPHUFLDO�HGXFDWLRQDO�OLFHQVHH�
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H[LVWLQJ�VWDWLRQ��HQWHU�
�D��&DOO�VLJQ�RI�VWDWLRQ�
1RW�$SSOLFDEOH
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�D��'DWH�SHQGLQJ�DSSOLFDWLRQ�ZDV�ÀOHG��
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1RW�$SSOLFDEOH
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����1$785(�2)�6(59,&(��7KLV�ÀOLQJ�LV�IRU�DQ�DXWKRUL]DWLRQ�WR�SURYLGH�RU�XVH�WKH�IROORZLQJ�W\SH�V��RI�VHUYLFH�V���6HOHFW�DOO�WKDW�DSSO\�

�D��)L[HG�6DWHOOLWH�
�E��0RELOH�6DWHOOLWH�
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�I��'LJLWDO�$XGLR�5DGLR�6HUYLFH�
�J��2WKHU��SOHDVH�VSHFLI\�

1*62

����67$786��&KRRVH�WKH�EXWWRQ�QH[W�WR�WKH�DSSOLFDEOH�VWDWXV�
&KRRVH�RQO\�RQH�

�&RPPRQ�&DUULHU� �1RQ�&RPPRQ�&DUULHU

����,I�HDUWK�VWDWLRQ�DSSOLFDQW��FKHFN�DOO�WKDW�DSSO\��
�8VLQJ�8�6��OLFHQVHG�VDWHOOLWHV�
�8VLQJ�1RQ�8�6��OLFHQVHG�VDWHOOLWHV
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)UHTXHQF\�/RZHU���������)UHTXHQF\�8SSHU��������
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����&/$66�2)�67$7,21��&KRRVH�WKH�EXWWRQ�QH[W�WR�WKH�FODVV�RI�VWDWLRQ�WKDW�DSSOLHV��&KRRVH�RQO\�RQH�

�D��)L[HG�(DUWK�6WDWLRQ
�E��7HPSRUDU\�)L[HG�(DUWK�6WDWLRQ
�F��������*+]�96$7�1HWZRUN
�G��0RELOH�(DUWK�6WDWLRQ

�1�$��H��*HRVWDWLRQDU\�6SDFH�6WDWLRQ
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����7KH�SXUSRVH�RI�WKLV�SURSRVHG�PRGLÀFDWLRQ�LV�WR���3ODFH�DQ�
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�LQ�WKH�ER[�HV��QH[W�WR�DOO�WKDW�DSSO\��
1RW�$SSOLFDEOH

(19,5210(17$/�32/,&<
����:RXOG�D�&RPPLVVLRQ�JUDQW�RI�DQ\�SURSRVDO�LQ�WKLV�DSSOLFDWLRQ�RU�DPHQGPHQW�KDYH�D�VLJQLÀFDQW
HQYLURQPHQWDO�LPSDFW�DV�GHÀQHG�E\����&)5�������"�,I�<(6��VXEPLW�WKH�VWDWHPHQW�DV�UHTXLUHG�E\�6HFWLRQV
�������DQG��������RI�WKH�&RPPLVVLRQ
V�UXOHV�����&�)�5������������DQG���������DV�DQ�H[KLELW�WR�WKLV
DSSOLFDWLRQ�$�5DGLDWLRQ�+D]DUG�6WXG\�PXVW�DFFRPSDQ\�DOO�DSSOLFDWLRQV�IRU�QHZ�WUDQVPLWWLQJ�IDFLOLWLHV��PDMRU
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HQ�URXWH�RU�DHURQDXWLFDO�À[HG�UDGLR�VWDWLRQ�VHUYLFHV�DUH�QRW�UHTXLUHG�WR�UHVSRQG�WR�,WHPV�������
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FLUFXPVWDQFHV
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V
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��D��*HRJUDSKLF�6HUYLFH�5XOH�&HUWLÀFDWLRQ�
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�$
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7KH�$SSOLFDQW�ZDLYHV�DQ\�FODLP�WR�WKH�XVH�RI�DQ\�SDUWLFXODU�IUHTXHQF\�RU�RI�WKH�HOHFWURPDJQHWLF�VSHFWUXP�DV�DJDLQVW�WKH�UHJXODWRU\�SRZHU
RI�WKH�8QLWHG�6WDWHV�EHFDXVH�RI�WKH�SUHYLRXV�XVH�RI�WKH�VDPH��ZKHWKHU�E\�OLFHQVH�RU�RWKHUZLVH��DQG�UHTXHVWV�DQ�DXWKRUL]DWLRQ�LQ�DFFRUGDQFH
ZLWK�WKLV�DSSOLFDWLRQ��7KH�DSSOLFDQW�FHUWLÀHV�WKDW�JUDQW�RI�WKLV�DSSOLFDWLRQ�ZRXOG�QRW�FDXVH�WKH�DSSOLFDQW�WR�EH�LQ�YLRODWLRQ�RI�WKH�VSHFWUXP
DJJUHJDWLRQ�OLPLW�LQ����&)5�3DUW�����$OO�VWDWHPHQWV�PDGH�LQ�H[KLELWV�DUH�D�PDWHULDO�SDUW�KHUHRI�DQG�DUH�LQFRUSRUDWHG�KHUHLQ�DV�LI�VHW�RXW�LQ
IXOO�LQ�WKLV�DSSOLFDWLRQ��7KH�XQGHUVLJQHG��LQGLYLGXDOO\�DQG�IRU�WKH�DSSOLFDQW��KHUHE\�FHUWLÀHV�WKDW�DOO�VWDWHPHQWV�PDGH�LQ�WKLV�DSSOLFDWLRQ
DQG�LQ�DOO�DWWDFKHG�H[KLELWV�DUH�WUXH��FRPSOHWH�DQG�FRUUHFW�WR�WKH�EHVW�RI�KLV�RU�KHU�NQRZOHGJH�DQG�EHOLHI��DQG�DUH�PDGH�LQ�JRRG�IDLWK�
����$SSOLFDQW�LV�D��DQ����&KRRVH�WKH�EXWWRQ�QH[W�WR�DSSOLFDEOH�UHVSRQVH��

�,QGLYLGXDO�
�8QLQFRUSRUDWHG�$VVRFLDWLRQ�
�3DUWQHUVKLS�
�&RUSRUDWLRQ�
�*RYHUQPHQWDO�(QWLW\�
�2WKHU��SOHDVH�VSHFLI\��
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����1DPH�RI�3HUVRQ�6LJQLQJ
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(����/RQJLWXGH� ��������
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