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Abstract

Thermal analyses of launchers have specific constraints which have been integrated in the up-coming
release 4.7 of SYSTEMA-THERMICA. This presentation illustrates through a demonstration the newly
integrated features allowing a launcher case set-up.
A new catalogue of volume primitives, required for modeling the launcher, has been added. The software
handles the generation of external coating and internal bulk nodes and also automatically switches the
activities according to contact detections.
On the mission aspects, launcher trajectories and attitudes are usually defined by discretized data
expressed in complex inertial frames (synchronization of rotational frames related to the launcher base
position).
Once the geometrical model and mission are set-up, the thermal analysis can start.
The thermal analysis of the previously defined launcher case requires the computation of the conduction
into the volume structures as well as radiative exchanges between external coatings, planet Albedo and
IR, solar and aero-thermal fluxes.
The presentation focuses on the volume management and on the new aero-thermal flux module which
integrates an atmospheric model.
Besides, the new SYSTEMA version 4.7 has new post-processing features: from the generation of
mission log data to the comparison of different thermal cases and margins set-up, results based on the
launcher case are exploited.
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Systema-Thermica 
ESTAW - 2013
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Current status

Long Time Support current version: v4.5.3 08/2013

Latest Release: v4.6.1 08/2013
 Integrates new major features:
 Volumes
 Aero-Thermal Fluxes
 EME2000 import
 Frozen rotational frames
 Mission Data
 Upgrade of memory performances

 64bits version for Linux
 And lots of evolutions and corrections:

New icons & toolbars, New Python functions…
Mercury eclipses corrected, Velocity interpolation…
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Current status

Next Release: v4.7.0 06/2014
 Integrates new features:

 CAD management
- Native import of CATIA files
- Defeaturing
- Tessellation

 Post-Processing Tab

 Extended Python interface to all SYSTEMA Tabs

 64bits version for Windows
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Content

Coupled Spacecraft – Launcher Case Set-Up

 Volumes
 Mission

Coupled Spacecraft – Launcher Thermal Analysis

 THERMICA, THERMISOL
 Post-Processing

This analysis scenario illustrates new features
of 4.6 and 4.7 releases

Also applicable to satellite thermal analysis
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Systema-Thermica 
Coupled Spacecraft-Launcher

Case Set-Up
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Content

Modelling Volumes

 Geometry
 Meshing
 Properties
 Contact Management

Setting Complex Trajectories and Kinematics

 Frame Definitions
 Trajectory Set-up
 Kinematics Set-up
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Volumes

New Volume Shapes

 Boxes,    Tetrahedrons
Extruded Triangles,    Extruded Quadrangles
Cylinders,    Cones,    Spheres
Revolved Quadrangles

 Default & Interactive Creations
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Volumes

Physical Properties & Meshing

 External Faces 
with Coating

(external GR & Fluxes)

 Internal Faces
(internal  GL)

 Volumes
with Bulk
(Cp, QI)
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Volumes

Contact Management

 Using Surface Contact Resistance
 Creation of resistance couplings

 Conformant contact (without surface contact resistance):
 Automatic Merge of external nodes
 Deactivation of coating activity
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Volumes

Demonstration
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Trajectories
& Kinematics

Context

Launcher Mission Data are often expressed in complex frames
(inertial frames inherited from frozen rotational frames)

- Equatorial Frame (Trajectory)
- Launch Pad Frame (Kinematics)

These Data are usually not suitable for thermal tools
and need a non-trivial conversion…

… except in SYSTEMA since the v4.6
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Trajectories
& Kinematics

Frame Definitions

 Equatorial Frame:

Rotated Greenwich frame
with +X to Launch Pad Meridian

Fixed to Inertial frame at
Launch time minus x seconds

Used in Trajectories Data
+X

+Z

+Y
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Trajectories
& Kinematics

Frame Definitions

 Launch Pad Frame:

Fixed to Inertial frame at
launch time minus x seconds

Used in Kinematics Data

+X

+Y
Source : www.arianespace.com/launch-services-ariane5/Ariane-5-User's-Manual.asp
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Trajectories
& Kinematics

Demonstration
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Trajectories
& Kinematics

Using Launcher Data directly into SYSTEMA

No Need to Convert   in standard inertial references

Definition of Mission   independent   of a launch time

Suitable for all   Launch Pads
and all frame synchronisation specifications

In general, SYSTEMA is able to handle any complex mission 
Observation satellite with manoeuvers, Transfer Orbits, Rovers,

Interplanetary missions, …
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Systema-Thermica 
Coupled Spacecraft-Launcher

Thermal Analysis
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Content

THERMICA simulation

 Nodal Description – Management of Volumes nodes and contacts
 Conduction – Creation of Volume couplings
 New Aero-Thermal flux module

Post-Processing results in SYSTEMA

 2D curves and 3D animated results
 Mission data
 New Post-Processing dedicated tab
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THERMICA

Nodal Description:
Management of Volumes nodes and contacts
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THERMICA

Conduction: Creation of volume Couplings

Using the RCN method on combined mid-planes
with thickness corrections
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THERMICA

Aero-Thermal Flux    for free molecular atmosphere

 Includes an Atmospheric Model (US76)
May be by-passed to include custom tables
Possibility to implement Msis models if required

 Computes Environmental Data
vs Simulation Time:

- Altitude
- Atmosphere Density
- ‘’          Temperature
- Aero-Thermal flux Constant

- Cross Section with Velocity
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Post-Processing

Mission Data: Exports all mission data to an html file
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Post-Processing

Post-Processing Diagram

 Tool Box
Min/Max, Flux Budget, Compare
Extract, Tsink…

 Possibility to set a diagram
Example:
Comparison of radiative budget

 Possibility to create custom
boxes

 Configurable inputs
Definition of groups and collections
Time and data filters…
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Post-Processing

Post-Processing Results

 Configurable outputs
Graphs, Tables, 3D views, Videos…

Possibility to map new results
onto 3D geometry
or in the mission

Example: Cold Case / Hot Case
differences mapping

27th European Space Thermal Analysis Workshop   - 3-4 December 2013

Post-Processing

Demonstration
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Conclusion

New features presented Usable for Launcher as for Satellite

 Volumes
 Automated Management of Coatings and Contacts
 Conduction

 Management of complex Trajectories and Kinematics frames
 Possibility to define inertial references derived from rotational frames
 Customization of frame synchronisations

 Aero-Thermal Flux
 For free molecular atmosphere (altitudes > 100km)

 Post-Processing Tab
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THERMICA
Advanced Training

Next Class: 11-12 february 2014

 Advanced Model Setting
 Using Variables & Dependencies
 Managing Distinct Sides Nodes

 Using the RCN conductive module
 Advanced Mission Setting
 Opened / Closed Cavities & Complex Mission scenarios

 Python interface & Batch executions

 Advanced THERMISOL features
 Using Events, Sub-models, User nodal entities
 Parsing nodes & couplings: use of Mortran language & specific fonctions
 Tuning the output data of the h5 file
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timothee.soriano@astrium.eads.net

Visit our Web site :

Contact :

SYSTEMA
THERMICA
THERMISOL

anne.millet@astrium.eads.net
maxime.jolliet@astrium.eads.net
rose.nerriere@astrium.eads.net

www.systema.astrium.eads.net
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Trajectories

Setting the Trajectory in SYSTEMA

 Create a trajectory of type:   “Time-Position-Velocity”

 Set the data format to: “Cartesian coordinates
in a planet inertial reference
(frozen planet rotational reference)”

 Set the coordinates to be frozen to:
Latitude:           0°
Longitude:     -52.7686°

 Set the reference date to freeze the rotational reference
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Kinematics

Setting the Kinematics in SYSTEMA

Launch Pad frame Setting:

 Create a “Free Connection”

 Select the kinematic law   “Frozen Rotational Orientation”

 Set the reference date to freeze the rotational reference

 Set the rotation sequence in Z-Y’-X” axis with
X rotation: + Launch Pad AZP angle
Y rotation: - Launch Pad Latitude
Z rotation: + Launch Pad Longitude
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Kinematics

Setting the Kinematics in SYSTEMA

Launcher frame:

 Create a “Free Connection” from the Launch Pad Frame

 Select the kinematic law   “Transformations defined in a file”

 Set the rotation sequence to Z-Y’-X”

Then the launcher attitude will be computed using the Azimuth and 
Elevation expressed in the Launch Pad Frame.
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