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WHY PERFORMING DESTRUCTIVE RE-ENTRY ANALYSES?

Destructive re-entry 

analyses for ground 

casualty risk 

evaluations

DRAMA/SARA v.3.1.1.

To comply with the Space Debris Mitigation Requirements (ESSB-ST-U-007) and the Re-entry Safety Requirements 

(ESSB-ST-U-004), several analyses and review of design must be performed. 

In particular, Earth destructive re-entry analyses are key to assess the ground casualty risk, verify compliance to the 

requirement threshold and identify mitigation measures if the compliance is not reached.
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CHALLENGES FACED

These analyses traditionally focus on satellites with 

standard shapes and materials that will mostly 

demise in the atmosphere at their end of life.

DRAMA/SARA is then developed and suitable 

mainly for this type of satellites, engineered with 

simple shapes (e.g. cubes) and already 

characterized materials (e.g. AA7075).

However, TAS-I DESI is involved in several programs characterized by complex curved body re-entry vehicles. 

 Vehicles way more complex to model as their aerodynamic shapes are optimized for atmospheric re-entry. 

 Covered by Thermal Protection Systems (TPS) composed of multiple specialized materials arranged in layered 

tiles and attached to structural components of the Aeroshell.

!
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PARTICULARITY OF RE-ENTRY VEHICLES

• Exploration mission to Mars;

• Composed of the Carrier Module (CM), 

the Entry Descent and Landing Module 

(EDLM) and the Rover Module (RM);

• The EDLM, protecting the RM is 

covered by ablative TPS and designed 

to survive Mars atmospheric re-entry.

• Re-entry capsule to LEO;

• Composed of the reusable Earth Re-entry 

Vehicle (ERV) and the service module 

(SVM) that will be disposed at EoL;

• The ERV is designed to survive nominal 

Earth re-entry and is protected by ablative 

TPS.

• Reusable space transportation 

system in LEO;

• Protected by a complex TPS (both 

ceramic and ablative) designed to 

survive nominal Earth re-entry by 

landing on a runway.

Source: https://www.thalesaleniaspace.com/it 

HOW TO MODEL PRECISELY THESE COMPLEX RE-ENTRY VEHICLES AND IN PARTICULAR 

THEIR TPS WITH A TOOL DEVELOPED MAINLY FOR SATELLITES?
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FIRST STEP: TRADE-OFFS AND DESIGN CHOICES

Series of trade-off priorizating the parameters to conserve to create a model that balances realism with 

DRAMA/SARA’s capabilities. Trade-offs and assumptions are also dependent on the project phase.

1) Overcome the limitations

 In the available shapes on DRAMA/SARA  only plates (boxes), cylinders and rings are used to model the TPS and

Aeroshell through a panelisation of the external shape of the vehicle.

 In the computing capability (number of objects “connected-to”)  simulations are time-consuming as the

component-oriented approach was selected to obtain a more representative model.

 In the connection scheme  no circularity of connections is permitted so the several objects shall be connected to each

other in an optimized manner to reproduce at best the real connections between parts.

2) Decide which critical parameters to conserve

 The priority is given to the conservation of the ballistic coefficient  mass and projected areas match the real design to

conserve the ballistic properties of the vehicle.

 Number, distribution and thickness of tiles represented at best, as well as the mass distribution along different zones of

the S/C (front shield, back shell, shoulders reinforcement, etc).

 General aerothermal behavior of the vehicle during re-entry (see point 3).
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FIRST STEP: TRADE-OFFS AND DESIGN CHOICES

3) Panel overlapping

 To ensure no heat flux enters the internal structure during the very first time-frame of re-entry simulation (in which the

TPS/Aeroshell, apart triggered failures, is fully shielding inner structure), the thermal protection panels slightly overlap.

 As a result, the external area of the model can be slightly larger than the real vehicle due to the overlapping panels. This

trade-off ensures no “holes” in the TPS, contributing to better heat flux protection.

 It is recommended to perform several checks in the Aero Thermal History files to ensure the model is consistent, i.e. that

no convective heat flux is seen by the Aeroshell before demise of the TPS.

4) Material characterization

 TPS are well characterized materials, so the analyst can heavily rely on the information provided by the programs’

experts to fill the data needed for modelling these specific materials.

 Aeroshell sandwich panels materials were created by adapting existing materials from DRAMA database, notably by

scaling their density to respect the mass of the aeroshell from mass budget (e.g. including the inserts and CFRP panels).

5) TPS/Aeroshell interaction

 The separation between the Aeroshell panels and their related TPS tiles is set according the maximum temperature the

I/F can withstand to model the glue behavior (can be taken as the degradation temperature of the glue).
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SECOND STEP: AUTOMATIZATION OF THE PROCESS

 Discretization of the S/C performed with a Python routine optimized to be scalable and adaptable to design changes.

 Geometric values parametrized to conserve the projected areas and main dimensions of the capsule.

Parametrization of the geometry 
of the model

Implementation of the 
panelisation strategy

DRAMA/SARA model with 
overlapping of tiles and 

implementation of connections
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EXAMPLE: CONNECTION SCHEME

The TPS tiles are connected to the

Aeroshell panel they are glued on,

considering the geometry of the

vehicle’s panelisation.

BS 12BS 1BS 2 BS 11 BS 10 BS 9

BS 24 BS 21BS 22BS 23BS 14 BS 13

BS 33BS 34BS 35BS 36BS 26 BS 25

BS 38 BS 37 BS 48 BS 47
BS 46

FS 2 FS 1 FS 9

BS 45

FS 12 FS 11 FS 10

FS dome

FS 47 FS 48

FS 37

FS 38

FS 39

FS 40

FS 41FS 42

FS 43

FS 44

FS 45

FS 46

FS 45FS 46FS 37FS 38

FS 21

FS 48 FS 47

FS 33FS 25

FS 24

FS 36 FS 35 FS 34

FS 13

FS 26

FS 14 FS 22FS 23

Connections implemented to 

avoid circularity !

EDLM Aeroshell

EDLM TPS

The FS Aeroshell dome is

connected to the inner parts of

the S/C located inside the

Aeroshell structure.
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SECOND STEP: AUTOMATIZATION OF THE PROCESS

Python routine

• Implementation of the panelisation of the TPS and Aeroshell with 
parametrized inputs

• Visualisation of the discretization

• Calculation of different useful areas and heights

Creation of an Excel file in output of 
the code

Contains all objects’ input parameters useful for DRAMA/SARA model:

• Name, ID, shape, dimensions, mass, material, coordinates, rotations, color, 
connections, etc.

Creation of the complex
DRAMA/SARA model

• Creation of all objects and their connection scheme

• Update of the material database

• Manual implementation of triggers
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THIRD STEP: VALIDATION AND REFINEMENTS

The developed Python routine

automatizes the discretization and

ease the parametrization.

However, tuning is always

necessary, e.g. for defining the

overlapping ratio, the inclination of

panels at the junction with other

structural elements, the choice of

critical parameters to conserve, for

modelling more complex bodies, etc.

It is a time consuming case by case

work to adapt the code to specific

spacecrafts and ensure full

representativeness and coherence of

the model.

Iterations are needed to improve the

model and to update it with latest

design changes, following the

increased maturity of the project.

ExoMars (EDLM + CM) LCRS (ERV + SVM)

Space Rider
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THIRD STEP: VALIDATION AND REFINEMENTS

The developed modelling strategy was validated through destructive re-entry results deemed sensible and realistic.

Indeed, in case of failure leading to a non nominal Earth re-entry, the survivability and demise of objects composing the 

re-entry vehicles was predicted for a few hundreds of objects.

The precision of the model came at a computing cost in the range of 24h per run for a full DRAMA/SARA model (with 

all inner parts).

EDLM surviving fragments time evolution

(scenario 1)

EDLM surviving fragments time evolution

(scenario 2)
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CONCLUSION

Complexity was faced when first modelling re-entry vehicles.

Strategy developed and implemented by TAS-I to overcome the 
identified limits and provide realistic DRAMA/SARA models.

Modelling strategy validated through trustable and coherent 
survivability and demise results.

Iterative process, continuously improved with each projects 
(different characteristics and specific complexity) and each 
project review (increasing design maturity).
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THANK YOU FOR LISTENING

ANY QUESTIONS?


