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TEMIS-Debris (DLR Project) 
Demisable Joint Designs
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Compression Spring

PEI washer/insert

Bracket-Joint T-Joint



Demisable Joint Performance Assessment
Methodology

Experimental:

▪ Material properties 

▪ Mechanical characterization of interfaces 

▪ Oven testing → performance under even heating conditions and ambient pressure

▪ Plasma Wind Tunnel Testing → performance under re-entry conditions 

Numerical:

▪ Re-entry simulation on relevant reference mission

▪ Development of DJ performance assessment methodology 

→ understanding system-level effects by analyzing subsystem behaviour

→ contribution to early-stage D4D mission design
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Plasma Wind Tunnel Testing 
Bracket-Joint Samples
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Plasma Wind Tunnel Testing 
Test Conditions

L2K hot gas facility at DLR Cologne

▪ Test gas: air 

8 test samples

▪ 2 different potting materials

▪ Mass flow rate: 30/60 g/s 

▪ Heat flux: 48-275 𝑘𝑊/𝑚2

▪ Stagnation pressure: 4,1-10,6 hPa

Thermocouple measurements
▪ Demisable Washer

▪ Screw shank

▪ PEEK insert

▪ Back sandwich facesheet
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Plasma Wind Tunnel Testing 
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Typical averaged heat flux > 𝟗𝟎𝒌𝒎 altitude < 𝟓 𝒌𝑾/𝒎𝟐

Achieved heat fluxes in L2K 𝟒𝟖 − 𝟐𝟕𝟓 𝑘𝑊/𝑚2

→ heating of joint much slower in real re-entry!

• 6/8 test 

initial conditions were achieved 

→ in 2 tests, flow effect 

leads to increased heat flux + 

decay

• 5/6 cases -> separation 

successful

→ Thermocouples prevent 

complete panel removal

→ 1 test without 

thermocouples → complete 

removal

Re-Entry Simulation Data:
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SCARAB Re-entry Simulations
TEMIS-Debris Reference Mission

ESA/JAXAs EarthCARE Mission

▪ Many optical payloads

▪ ~1800 kg dry mass

▪ Abundance of public data

 SCARAB version 3.1L 6074

Simulation boundary conditions

▪ ~130km start

▪ Inclination 0° → 100% prograde orbit

→ aerodynamic v = 7,3 km/s

▪ MSISE-90 atmosphere model
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(Lefebvre_2014)



Reference Mission Primary Structure 
Main Subassemblies
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→ Main Bus, Tank 

Batteries, OBC, 

BBR, MSI, AOCS

→ ATLID Payload

Solar Array

CPR Payload



Reference Mission
Separation Scenarios 
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Solar Array 

Thrusters

MSI

X-Band Antenna 

BBR

Battery Pack

GNSS Reflector
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ATLID Assembly
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CPR Assembly
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CPR Assembly

ATLID Front + Back Panel

Main Bus

Solar Array 

Thrusters



SCARAB Simulations
Demisable Joint Modeling 
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Panelized geometric reference model

▪ Major subsystems

▪ Material properties

Total mass: 1438 kg

Panel separation modeling

„Dummy“ structural aluminium bracket

Placed inside structure along edges

When avg bracket temp = trigger temp

→ separation event

Scenario models total mass = const.!



SCARAB Simulations
Demisable Joint Modeling 
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Panel Separation

Case: ECF-A-001

Separated Components:

• Solar Array

• Thrusters

• Front Panel



Re-entry Simulation
Methodology

Variables:

▪ Scenarios: Baseline (w/o DJ) + A-E

▪ Trigger Temperatures: 150, 175, 200, 250, 300 °C

▪ Attitudes: AV1-4

Assessment:

1. Separation Mechanism vs trigger temperature

2. System-Level Effect of Trigger Temperature

3. Attitude Sensitivity

4. Subsystem-Level Analysis
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Separation Mechanism vs Trigger Temperature
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System-Level Effect
Mean DCA vs. Trigger Temperature
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System-Level Effect
Fragment Count vs. Trigger Temperature
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System-Level Effect
Ground Mass vs. Trigger Temperature
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Attitude Sensitivity
DCA vs Baseline – 200°C 
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𝑧𝑦

𝑥
AV1

(0,180,0)

𝑧𝑦

𝑥AV2
(180,0,0)

𝑧𝑦

𝑥

AV3

(270,270,0)

𝑧𝑦

𝑥

AV4

(90,90,0)



Attitude Sensitivity
𝚫𝐃𝐂𝐀 vs Baseline – 200°C
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Subsystem-Level Analysis
Absolute Surviving Mass
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AV1 – 200°C



Subsystem-Level Analysis
Relative Survival Mass vs Baseline
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𝒎𝟎 = baseline

AV1 – 200°C



Subsystem-Level Analysis
DCA vs Baseline
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Smaller 

DCA

AV1 – 200°C



Subsystem-Level Analysis
Fragment Count vs Baseline
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AV1 – 200°C
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Contact Persons

Alexander Ring

alexander.ring@dlr.de

Dr. Işıl Şakraker Özmen

Isil.Sakraker@dlr.de

Thorn Schleutker

Thorn.schleutker@dlr.de

Tobias Lips (HTG)

t.lips@htg-gmbh.com

Website & Social Media

mailto:alexander.ring@dlr.de
mailto:Isil.Sakraker@dlr.de
mailto:t.lips@htg-gmbh.com

	Folie 1: Experimental and Numerical Assessment of Demisable Joints for Controlled Break-up of Large Sandwich Panel Structures
	Folie 2: TEMIS-Debris (DLR Project)  Demisable Joint Designs
	Folie 3: Demisable Joint Performance Assessment Methodology
	Folie 4: Plasma Wind Tunnel Testing  Bracket-Joint Samples
	Folie 5: Plasma Wind Tunnel Testing  Test Conditions
	Folie 6: Plasma Wind Tunnel Testing  
	Folie 7
	Folie 8: SCARAB Re-entry Simulations TEMIS-Debris Reference Mission
	Folie 9: Reference Mission Primary Structure  Main Subassemblies
	Folie 10: Reference Mission Separation Scenarios 
	Folie 11: SCARAB Simulations Demisable Joint Modeling 
	Folie 12: SCARAB Simulations Demisable Joint Modeling 
	Folie 13: Re-entry Simulation Methodology
	Folie 14: Separation Mechanism vs Trigger Temperature
	Folie 15: System-Level Effect Mean DCA vs. Trigger Temperature
	Folie 16: System-Level Effect Fragment Count vs. Trigger Temperature
	Folie 17: System-Level Effect Ground Mass vs. Trigger Temperature
	Folie 18: Attitude Sensitivity DCA vs Baseline – 200°C  
	Folie 19: Attitude Sensitivity fett groß Delta fett groß D fett groß C fett groß A.  vs Baseline – 200°C 
	Folie 20: Subsystem-Level Analysis Absolute Surviving Mass 
	Folie 21: Subsystem-Level Analysis Relative Survival Mass vs Baseline 
	Folie 22: Subsystem-Level Analysis DCA vs Baseline 
	Folie 23: Subsystem-Level Analysis Fragment Count vs Baseline 
	Folie 24

