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<HI G Some common spacecraft

HYPERSCHALL TECHNOLOGIE equipment pose a risk on-ground

GOTTINGEN GMBH

Common critical equipment include:
e Propellant tanks
e Reaction wheels

e Solar array drive mechanisms
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GOTTINGEN GMBH

<HI G There is not enough heat to demise!

e Thermite!

Thermite vs. Car
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https://www.youtube.com/watch?v=rdCsbZf1_Ng&t=106s
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éhl G What is Thermite?

e Thermites are mixtures of a metal and a metal oxide, usually in powder form.
Once the redox reaction is triggered, a noticeable amount of heat is released.

e Aluminium is the best candidate for the metallic component:
» High energy output
» Great availability (and low cost)
» Non-toxic

e The metal oxides selection drivers:
» Theoretical Maximum Density (TMD)
» Adiabatic reaction temperature
» Fraction of products in gaseous state

» Specific reaction enthalpy
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éhl G Exothermic reactions can

Supersonic and
Hypersonic
Technologies

DLR Department

ERASD - Exothermic Reaction Aided Spacecraft Demise - Proof of Concept Testing —
Final Report, Contract No. 4000126547/19/NL/AR/ig, Issue 1, Revision 2, 10/05/2019
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(HI G Numerical re-building improve our

Test_02 (fine thermite)
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HYPERSCHALL TECHNOLOGIE exothermic reactions practical for demise purposes
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<HI G The on-going SPADEXO project aims making

e SPADEXO [HTG / PoliMi & ReActive / DLR]

e The goal of the current project is to:

» Design, optimize and prove the concept of using exothermic reactions for demise
purposes.

» Design and verification of different fuse concepts.
» Devise guidelines for use of the technology in various equipment

e Currently the project is in the design phase for the breadboard. The test
campaign is scheduled for early 2023
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<HI G Energetic material selection

e Al-Fe,0; has been selected as the main formulation to be investigated.

e |tisimportant to have the possibility of tuning the ignition temperature of the
charge:

» Use of other thermite formulations as primer
» Mechanical activation

e Mechanical activation can be used to increase powder reactivity, while
maintaining the benefits typical of micrometric powders:
» High active metal content
» Safety
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<HI G Update to the thermite model in SCARAB

e A new thermite model will be implemented and based on thermite theoretical
available heat.
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(HI G Practical test cases

e Ball Bearing Unit and Solar Array Mechanism simplified geometry

e Wire bundle cutter
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CHIG Conchusion

e Exothermic reactions has the potential to facilitate demise for many common
spacecraft equipment.

e Several on-going activities are working on making exothermic reactions for
demise purposes practical.

e Exothermic reactions can in the future be a method to help space systems be
compliant with the re-entry risk requirements
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Thank you for listening!

Contact:
Patrik Karrang
p.kaerraeng@htg-gmbh.com
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GOTTINGEN GMBH

(HI G Release altitude from

Fragmentation data from 16 simulations of a generic “typical” spacecraft, extracted from SCARAB.
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Step 8: Create component based model
and add to equipment database




