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Introduction CHMPASS e

End of life deorbiting with solar sail

= The increasing number of debris around the Earth has made End-of-Life
of any spacecraft a major issue for every actor in the space field.

= Solar sail has been demonstrated as a viable option for passive disposal
through re-entry.

= The area-to-mass-ratio of the satellite is augmented

e Passive eccentricity increase until perigee
enters in the drag region (from 650-800 km down
depending on atmosphere model)

* Drag affects the orbit too so the orbit energy is
progressively decreased until re-entry.
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Introduction CHMPASS e

End of life deorbiting with solar sail

= Past work have computed the sail requirement for deorbiting considering
only solar radiation pressure and Earth’s oblateness

= How drag affects the deorbiting?

= |n this work:

1. Study and review of atmospheric models and their validation for
evaluating the effects of atmospheric drag.

2. Numerical analysis of the effect of drag + Solar Radiation Pressure
(SRP) + Earth oblateness.

» Licking & al. 2012, and 2013
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Presentation Notes
For example, the French government has created a law to regulate the life of spacecrafts operated, launched or built by French companies.
AMR augmenting device: inflatable structure as a balloon or a flat sail.
Passive de-orbiting devices: no control.

1 was initiated in the framework of an ESA project assessing the collision risk on a sail spacecraft and its interaction with space debris
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REVIEW OF ATMOSPHERIC MODELS
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Review of atmospheric models 4
State of the art

= The main models in use today can be divided into two families:

* Empirical models
e Exponential models

= Some examples are
e US Standard Atmosphere (USSA76),
e Variation of the Jacchia-Roberts 1977 (177)
* Mass Spectrometer Incoherent Scatter (MSIS)

 The Drag Temperature Model (DTM)
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MSIS is similar to NRLMSIS-00.
ISO = International Standard Organisation
ECSS = European Cooperation for Space Standardisation
ISO : drag in LEO = JB08, EarthGram2007 and DTM09
ECSS : NRLMSISE-00 for alt < 120km and JB06. As we consider that at 120km we have a destruction of the studied spacecraft, there is no need to conduct a study under that altitude.
As there is a newer version of the JB06 (the JB08), it wasn’t studied in this project.
Empirical model = 
	Based upon experimental data from satellite and sounding rockect.
	Could have multiple inputs and output depending on how the model works. 	Usually it takes as an input the spacecraft location (lon/lat/alt), solar activity proxies at the time where you want the results.
	Usually the output are the density at the spacecraft location, or the number of molecules per volume unit, the exospheric temperature above the spacecraft location, the atmospheric temperature at the spacecraft location.
	An empirical model will computed the density @ the higher atmospheric level it can then, layer by layers it will evaluated the density using physical equation
Exp. Models : Usually built upon one atmospheric profile -> USSA76 was at 45°N during a moderate to high solar activity.


Review of atmospheric models CHMPASS

Solar activity

= The solar activity is a major variable during the evaluation of the
atmospheric density with an empirical model.

= The solar activity is approximated with several proxies, the most common
is the F;( 7. It represents in sfu the activity of the sun.

= Each proxy is usually used in two forms:
* One day value

* One 81-day running average centred to the atmospheric density
evaluation date (commonly called “proxy-name bar” or “proxy-name
81)))
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Solar activity

The solar activity is not easily predictable, different prediction models
exist.

Sqlar Activity Prediction | Solar Activity Prediction
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» Fundamentals of Astrodynamics, Vallado 4t Ed.
» NOAA data from ftp.ngdc.noaa server
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Solar activity

Figure 4 from Prediction of Solar Activity from Solar Background Magnetic Field Variations in Cycles 21-23
Simon J. Shepherd et al. 2014 ApJ 795 46 doi:10.1088/0004-637X/795/1/46

Low level of solar activity dictated by the observation of the last years lead
us to assume that in the next decades the solar activity will be significantly
lower than the average of the past two cycles.

» Anselmo L., private communication, 2017
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Prediction of solar activity for the next solar cycles.


Review of atmospheric models

Selection of an atmospheric model

= Models reviewed:
- Jacchia 77
— Jacchia-Bowmann (JB) 2008
— Drag Temperature Model (DTM) 2013
- Exponential Models

= Settings:
— Different solar activity, max, min and average, with respect to the last
solar cycle and the on-going (number 23-24)

— One particular location lat: 45°N, lon: 0°
(same as the one chosen for USSA76)

— Altitude over 120-1000 km
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Selection of an atmospheric model — Exponential models

= Exponential model :
- Input data: Altitude
— Output: Atmospheric density

Easily implemented Not an ISO model

Low ratio computational time over accuracy  v1: built upon the J77 with an exospheric
temperature of 1000 K
v2: built upon the J77 with an exospheric
temperature of 750 K

= Exponential model v1: based upon Vallado’s model
= Exponential model v2: see S. Frey presentation

25/07/2017 KePASSA 2017 11 POLITECNICO MILANO 1863



Presenter
Presentation Notes
1000K = moderate to high solar activity
750K = calm to moderate solar activity
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Review of atmosphere models CHMPASS

Selection of an atmospheric model — 177

= Jacchia 77:
- Input data:

— Solar activity (Fyg7 & F1g., proxies),
- Altitude

— Output:
— Atmospheric chemical composition
— Exospheric temperature
— Atmospheric density

Easily implemented Not an ISO model
Can use predicted Solar Proxy  Need of Solar Proxy

Low ratio computational time
over accuracy
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Selection of an atmospheric model — 177
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Selection of an atmospheric model — JB0O8 & DTM13

= Jacchia-Bowman 2008 & Drag Temperature Model 2013:
- Input data:
- Time
— Spacecraft position
— Output:
- Atmospheric chemical composition (DTM13)
— Exospheric temperature
— Atmospheric density

Easily implemented High ratio computation time over
accuracy
ISO Model Need of heavy personal data tables

Laltaeseyt
.......

Review of atmosphere models CTMPASS ¢

seens:
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Presentation Notes
Time up to the second -> either JD or DoY-HH-MM-SS
Spacecraft position -> Lon-Lat-Alt
Heavy personal data tables: gathering all the proxies used by the models. F10.7/bar but also all the other ones;
Personal because they are not interchangeable. 
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Selection of an atmospheric model — JB0O8 & DTM13
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Atmospheric models - Uncertainties

= During the review, several uncertainties were studied.
 Solar activity prediction
 How do models take into account the following parameters:
— Magnetic activity,
— Solar weather (storm),
— Spacecraft location.
= All those parameters are used to computed the exospheric temperature,

thus the uncertainties bring by the solar activity are the more impactful
compared to the other one.
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SA prediction : As presented on slides 7-8
MA: prediction & if taking into account or not.
SW: prediction & if taking into account or not.
S/C location: lon/lat/alt or just alt.

The solar activity prediction gives the values of F10.7 or Fbar, the S/C position will attenuate or not those values. The MA and SW will just add few degrees to the Exospheric temperature.
The S/C location should be taking into account in order to take into account Earth Eclipses



Review of atmosphere models CHMPASS ¢

Conclusion

Many model exists for the atmosphere:

= As empirical models rely upon the exospheric temperature, thus the solar
activity, they are not the best way to predict atmospheric density.

= Jacchia-77 model with a fixed exospheric temperature of 750 K is chosen
to compute the atmospheric density for the second part of this study.

e Exospheric temperature of 750 K creates a conservative approach
with respect to the effectiveness of a de-orbiting done using area
augmentation devices.

* Exospheric temperature of 750 K also takes into account the
prediction of lower activity solar cycles.
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ISO 14222 states clearly that variation on the density could be of +/- 100% at certain locations and altitude.

SA = uncertainties :  depending on the model, there is a difference with solar cycle period, amplitude etc… As an empirical model first compute the exospheric temperature and then 

As presented on slide 7, solar activity prediction is the most important uncertainty.

750 K as a consequence of slide 8 and Simon J. Shepherd et al (2014) paper.
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Drag-SRP-J, interaction
Phase space: SRP and J, only
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Eccentricity-perigee orientation evolution of a spacecraft of area-to-mass ratio of 5
m?kg and cg = 1.8 due to the effects of ], and solar radiation pressure.

» Colombo et al. 2012
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In a previous work the interaction between SRP and J2 was studied. In this slide each line represent the evolution of an orbit in the phase space of eccentricity and sun perigee angles
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Solar sail requirements (SRP+J,)

Used as initial condition to determine the requirements for a deployable
sail to deorbit in a given time.
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This was used to define the requirements in ATM for a sail for deorbiting under the effects of these two perturbation only.
Now we want to investigate how the effect of drag superimposes on this dynamics




- MEO deorbiting with non-gravitational forces – Colombo & al. 2015
Orbital dynamics of high area-to-mass ratio spacecraft with  𝐽 2  and solar radiation pressure for novel Earth observation and communication services – Colombo & al. 2012
A passive satellite deorbiting strategy for medium earth orbit using solar radiation pressure and the J2 effect – Lücking & al. 2012

From their results (maps and e/phi_v) we have chosen initial conditions



Drag-SRP-J, interaction ClMPASS ¢

Initial conditions

Numerical study on interactions between solar radiation pressure and the
Earth’s oblateness and drag (exponential model based upon the J-77 with
an exospheric temperature of 750 K).

Parameter Value

AMR [0.0012, 1, 2, 3, 5] m¥%kg
Cg 1.0

Cp 1.8

A 0.0 degree

Wy 180.0 degrees
Inclination [10-170] degrees
Eccentricity [0.1-0.9]
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Exponential model built by Stefan Frey. Why, because the exponential model is faster than the J-77 mex-file.
Inclination and eccentricity don’t have a fixed step along their span.
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Phase space: SRP and J, only
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Eccentricity evolution as function of solar angle position to the spacecraft.
Comparison between With and without drag for different inclinations. 
E_crit = eccentricity where hp = 120 km.
E_drag = eccentricity where hp = 650 km. Altitude where drag start to have an effect.
There is some gap because the plot does not work with re-entry orbits.
Left : The curves above the black line are not to take into account.

NOTE : need to use the fig 3 of A passive satellite deorbiting strategy for medium earth orbit using solar radiation pressure and the J2 effect – Lücking & al. 2012


Drag-SRP-J, interaction CRMPASS

Phase space: SRP, J, and atmospheric drag
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Presentation Notes
Eccentricity evolution as function of solar angle position to the spacecraft.
Comparison between With and without drag for different inclinations. 
E_crit = eccentricity where hp = 120 km.
E_drag = eccentricity where hp = 650 km. Altitude where drag start to have an effect.
There is some gap because the plot does not work with re-entry orbits.
Left : The curves above the black line are not to take into account.

NOTE : need to use the fig 3 of A passive satellite deorbiting strategy for medium earth orbit using solar radiation pressure and the J2 effect – Lücking & al. 2012
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Preliminary results — SRP and J, only
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Detailed results for one particular case with drag. I0 = 25 e0 = 0.05
SRP increase the eccentricity then drag effect is to circularize the orbit.
NO DRAG



Drag-SRP-J, interaction CIEMPASS ¢
Preliminary results — SRP and J, only
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Detailed results for one particular case with drag. I0 = 25 e0 = 0.05
SRP increase the eccentricity then drag effect is to circularize the orbit.
NO DRAG
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Drag-SRP-J, interaction

Preliminary results — SRP, J, and atmospheric drag
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Detailed results for one particular case with drag. I0 = 25 e0 = 0.05
SRP increase the eccentricity then drag effect is to circularize the orbit.
DRAG
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Preliminary results — SRP, J, and atmospheric drag
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Detailed results for one particular case with drag. I0 = 25 e0 = 0.05
SRP increase the eccentricity then drag effect is to circularize the orbit.
DRAG
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Preliminary results — SRP and J, only
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Detailed results for one particular case with drag. I0 = 25, e0 = 0.33
NO DRAG


Drag-SRP-J, interaction CHMPASS

Preliminary results — SRP and J, only
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Detailed results for one particular case with drag. I0 = 25, e0 = 0.33
NO DRAG


Drag-SRP-J, interaction

Preliminary results — SRP, J, and atmospheric drag
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Detailed results for one particular case with drag. I0 = 25, e0 = 0.33
DRAG
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Drag-SRP-J, interaction

Preliminary results — SRP, J, and atmospheric drag
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Detailed results for one particular case with drag. I0 = 25, e0 = 0.33
DRAG


Conclusion CHMPASS ¢l
Application and future work

= Application:

* Improvement of ATM requirement definition for a sail for deorbiting
under the effects of these three perturbations only.

= Future work:
e Go from numerical analysis to analytical.
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