






Given the drastic difference in the two systems, each was modeled as separate payloads under a 
single DAS mission. Starting with the ControlSat, AST has modeled it as an exterior box of 
Gallium Arsenide to represent the outer most solar panel layer that covers it. Within that “parent” 
object, AST modeled an aluminum box representative of the ControlSat structure plus mounting 
panels representative of each of the subsystems contained within. From there, each of the major 
subsystems were included in the DAS as “child” objects nested within the ControlSat structure. 
This can be seen visually below in Figure 3. The full list of objects with material selection, mass, 
and dimensions can be seen in the attached DAS Activity Logs. 

Figure 3: Visual representation of the ControlSat as modeled in DAS. 

In summary, the limiting object for re-entry demise is the aluminum structure of the ControlSat. 
In this case, all the child objects contained within the ControlSat return with the ControlSat 
structure after the solar panel exterior has burned up upon re-entry. As was presented in the original 
filings, this poses a total debris casualty area of 2.67 m2 and total kinetic energy of 154.5 kJ. This 
results in a total casualty risk of 1:21,600. AST considered and investigated other materials for the 
ControlSat structure. The major physical limitation is the ability of the satellite to withstand launch 
loads. For this reason, aluminum was selected (over stainless steel) for its higher specific heat and 
lower melting temperature while also still providing mechanical viability to withstand launch 
loads. The outer solar panel layer is necessary to achieve the power positive requirement of the 
satellite and to maintain complete control of the satellite through all phases of operation. Because 
of this, the outer most layer, which demises on re-entry, is a necessity for control and operation of 
the spacecraft. This includes, but is not limited to, operation of the propulsion for debris mitigation 







10 08 2021; 16:11:04PM Activity Log Started
10 08 2021; 16:11:05PM Opened Project 

10 08 2021; 16:11:15PM Processing Requirement 4.3-1: Return Status :  Passed

==============
Project Data
==============

Objects Passing Through LEO = True 
Number of Objects = 2 

**INPUT**
Quantity = 4

Perigee Altitude = 400.000000 (km)
Apogee Altitude = 400.000000 (km)
Inclination = 53.000000 (deg)
RAAN = -1.000000 (deg)
Argument of Perigee = -1.000000 (deg)
Mean Anomaly = -1.000000 (deg)
Released Year = 2022.300000 (yr)

**OUTPUT**
Perigee Altitude = -6378.136000 (km)
Apogee Altitude = -6378.136000 (km)
Inclination = 0.000000 (deg)
Lifetime = 0.097603 (yr)
Object Reentered within 25 years of Release = True
Object-Time = 0.328542 (obj-yrs)
Total Object-Time = 0.492813 (obj-yrs)
Status = Pass
 Returned Error Message - Normal Processing

==============

**INPUT**
Quantity = 2

Perigee Altitude = 400.000000 (km)
Apogee Altitude = 400.000000 (km)
Inclination = 53.000000 (deg)
RAAN = -1.000000 (deg)
Argument of Perigee = -1.000000 (deg)
Mean Anomaly = -1.000000 (deg)
Released Year = 2022.300000 (yr)

**OUTPUT**
Perigee Altitude = -6378.136000 (km)
Apogee Altitude = -6378.136000 (km)
Inclination = 0.000000 (deg)



Lifetime = 0.097603 (yr)
Object Reentered within 25 years of Release = True
Object-Time = 0.164271 (obj-yrs)
Total Object-Time = 0.492813 (obj-yrs)
Status = Pass
 Returned Error Message - Normal Processing

==============

=============== End of Requirement 4.3-1 ===============
10 08 2021; 16:11:18PM Processing Requirement 4.3-2: Return Status : Passed

=====================
No Project Data Available
=====================

=============== End of Requirement 4.3-2 ===============
10 08 2021; 16:14:32PM Processing Requirement 4.5-1: Return Status :  Passed

==============
Run Data
==============

**INPUT**

Space Structure Name = ControlSat
Space Structure Type = Payload
Perigee Altitude = 400.000 (km)
Apogee Altitude = 400.000 (km)
Inclination = 53.000 (deg)
RAAN = 0.000 (deg)
Argument of Perigee = 0.000 (deg)
Mean Anomaly = 0.000 (deg)

Start Year = 2022.300 (yr)

Duration = 2.000 (yr)
Station-Kept = True
Abandoned = True

**OUTPUT**

Collision Probability = 4.6002E-06
Returned Message: Normal Processing
Date Range Message: Normal Date Range
Status = Pass

==============





Duration = 2.000 (yr)
Orientation = Fixed Oriented

CS Pressurized = Yes
     
     

**OUTPUT**

Probability of Penetration = 6.7145E-06 (6.7145E-06)
Returned Error Message: Normal Processing
Date Range Error Message: Normal Date Range

==================================================
Spacecraft = ControlSat
Critical Surface = Avionics
==================================================

**INPUT**

Apogee Altitude = 400.000 (km)
Perigee Altitude = 400.000 (km)
Orbital Inclination = 53.000 (deg)
RAAN = 0.000 (deg)
Argument of Perigee = 0.000 (deg)
Mean Anomaly = 0.000 (deg)

Station Kept = Yes
Start Year = 2022.300 (yr)
Duration = 2.000 (yr)
Orientation = Fixed Oriented

CS Pressurized = No
     
     

**OUTPUT**

Probability of Penetration = 2.7269E-10 (2.7269E-10)
Returned Error Message: Normal Processing
Date Range Error Message: Normal Date Range

==================================================
Spacecraft = ControlSat





CS Pressurized = No
     
     

**OUTPUT**

Probability of Penetration = 2.3476E-09 (2.3476E-09)
Returned Error Message: Normal Processing
Date Range Error Message: Normal Date Range

==================================================
Spacecraft = ControlSat
Critical Surface = 
==================================================

**INPUT**

Apogee Altitude = 400.000 (km)
Perigee Altitude = 400.000 (km)
Orbital Inclination = 53.000 (deg)
RAAN = 0.000 (deg)
Argument of Perigee = 0.000 (deg)
Mean Anomaly = 0.000 (deg)

Station Kept = Yes
Start Year = 2022.300 (yr)
Duration = 2.000 (yr)
Orientation = Fixed Oriented

CS Pressurized = No
     
     

**OUTPUT**

Probability of Penetration = 1.0006E-07 (1.0006E-07)
Returned Error Message: Normal Processing
Date Range Error Message: Normal Date Range

==================================================
Spacecraft = ControlSat
Critical Surface = 
==================================================





CS Pressurized = No
     

**OUTPUT**

Probability of Penetration = 9.1989E-05 (9.1994E-05)
Returned Error Message: Normal Processing
Date Range Error Message: Normal Date Range

=============== End of Requirement 4.5-2 ===============

10 08 2021; 16:18:42PM Processing Requirement 4.6 Return Status :  Passed

==============
Project Data
==============

**INPUT**

Space Structure Name = ControlSat
Space Structure Type = Payload

Perigee Altitude = 400.000000 (km)
Apogee Altitude = 400.000000 (km)
Inclination = 53.000000 (deg)
RAAN = 0.000000 (deg)
Argument of Perigee = 0.000000 (deg)
Mean Anomaly = 0.000000 (deg)

Start Year = 2022.300000 (yr)

Duration = 2.000000 (yr)
Station Kept = True
Abandoned = True
PMD Perigee Altitude = 400.000000 (km)
PMD Apogee Altitude = 400.000000 (km)
PMD Inclination = 53.000000 (deg)
PMD RAAN = 0.000000 (deg)
PMD Argument of Perigee = 0.000000 (deg)
PMD Mean Anomaly = 0.000000 (deg)

**OUTPUT**

Suggested Perigee Altitude = 400.000000 (km)
Suggested Apogee Altitude = 400.000000 (km)
Returned Error Message = Passes LEO reentry orbit criteria.

Released Year = 2024 (yr)



Requirement = 61
Compliance Status = Pass

==============

**INPUT**

Space Structure Name = Phased Array 
Space Structure Type = Payload

Perigee Altitude = 400.000000 (km)
Apogee Altitude = 400.000000 (km)
Inclination = 53.000000 (deg)
RAAN = 0.000000 (deg)
Argument of Perigee = 0.000000 (deg)
Mean Anomaly = 0.000000 (deg)

Start Year = 2022.300000 (yr)

Duration = 2.000000 (yr)
Station Kept = True
Abandoned = True
PMD Perigee Altitude = 400.000000 (km)
PMD Apogee Altitude = 400.000000 (km)
PMD Inclination = 53.000000 (deg)
PMD RAAN = 0.000000 (deg)
PMD Argument of Perigee = 0.000000 (deg)
PMD Mean Anomaly = 0.000000 (deg)

**OUTPUT**

Suggested Perigee Altitude = 400.000000 (km)
Suggested Apogee Altitude = 400.000000 (km)
Returned Error Message = Passes LEO reentry orbit criteria.

Released Year = 2024 (yr)
Requirement = 61
Compliance Status = Pass

==============

=============== End of Requirement 4.6 ===============
10 08 2021; 16:19:00PM *********Processing Requirement 4.7-1

Return Status :  Passed

***********INPUT****
 Item Number = 1 



















Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000



*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************



Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000



Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

***********INPUT****
 Item Number = 2 

name = Phased Array 







**************OUTPUT****
Item Number = 2 

name = Phased Array 
Demise Altitude = 77.990089
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 75.562752
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 76.588097
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 76.416061
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 0.000000
Debris Casualty Area = 33.478802
Impact Kinetic Energy = 12.651192

*************************************

Demise Altitude = 66.942238
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000







Impact Kinetic Energy = 0.000000

*************************************

Demise Altitude = 67.354805
Debris Casualty Area = 0.000000
Impact Kinetic Energy = 0.000000

*************************************

=============== End of Requirement 4.7-1 ===============
10 08 2021; 16:19:00PM Project Data Saved To File
10 08 2021; 16:19:17PM Project Data Saved To File




