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DEMISABLE EO PAYLOAD MECHANICAL INTERFACES (BIPODS AND BRACKETS)

Study objectivesObjectives:

● To improve existing EO 

brackets/bipods 

demisability performance, 

in order to better comply 

with the safety casualty risk 

requirements allowing for 

uncontrolled re-entry, 

while staying compliant of 

structural & thermoelastic 

requirements.

● To design, manufacture 

and test Breadboard 

Models in order to confirm 

the new designs 

demisability performance  

and to improve simulation 

precision through 

correlations.
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Study participantsStudy logic :
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Use-Cases selectection2 Use-Cases selected:

Selection criteria:

● Recurrence on Earth Observation S/C.

● Important mass & size.

● Structural & thermoelastic distortion filtering performance.

Bipod Use-case

● Purpose: Optical bench bipod

● Main driver: Critical 

thermoelastic filtering

● Size: 700*330*100mm

● Mass: 2.8kg

● Material: Titanium (Ta6V)

● Manufacturing Process: 

Standard Machining

● Purpose: Star tracker holder

● Main driver: Thermoelastic 

filtering & Structural

● Size: 330*330*275mm

● Mass: 4.0kg

● Material: Titanium (Ta6V)

● Manufacturing Process: 

Additive Manufacturing

Bracket Use-case
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PAMPERO
French spacecraft-oriented tool (100% CNES) 

- Perform computations for sensitive objects

- Perform computations for very complex objects (not available

within object-oriented tools)

- Perform D4D computations for future missions

- Support experts for the fragmentation modelling

• Integrated High-temperature material response

• characterized Material through CNES data base

• Melting

• Pyrolysis, oxidation, etc.

TOPOLOGYCAL OPTIMISATION

• Fast assessment
• Robust

• Integrated 6 Degrees of Freedom (6DOF)

• Integrated Thermal response 3D implicit+s2s

• Thermo mechanical Fragmentation (3D dynamic FEM)  

Shape 

change

Simplified aerothermodynamics

Or High Fidelity through CFD 

computations
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Topological Optimisation Coupling with PAMPERO

Displacement:

𝜀(𝑢) =
1

2
∇𝑢 + (∇𝑢)𝑇

+ behavior law

The temperature 𝑇 is obtained by solving the 

transient heat equation

𝜌𝑐
𝜕𝑇

𝜕𝑡
= ∇ ⋅ (𝑘∇𝑇) + 𝑓(𝑥),

Direct/adjoint optimisation method

The adjoint method.

Linearisation of the system of equations (direct 

equation) and derivation of the associated adjoint 

equations (a highly complex step)

Solving a linearised system of equations to derive the 

gradient as a function of each decision variable

The number of calculations depends on 

the number of constraints to be 

satisfied 

𝐿𝑖𝑛𝑒𝑎𝑟𝑖𝑧𝑒𝑑 𝑃𝑟𝑜𝑏𝑙𝑒𝑚 𝑔 𝑞 ) = 𝜆𝑞 = 𝐴𝑞
𝑤𝑖𝑡ℎ ∶ 𝜆 = 𝜎 + 𝑖𝜔

𝑙𝑎𝑔𝑟𝑎𝑛𝑔𝑖𝑎𝑛 𝑙 = 𝜆 − (𝑞+, 𝑔 𝑞 )

Equation to be solved for independent variables:

𝑑𝑙 =
𝜕𝑙

𝜕𝜆
𝛿𝜆 +

𝜕𝑙

𝜕𝑞+
𝛿𝑞++

𝜕𝑙

𝜕𝑞
𝛿𝑞 +

𝜕𝑙

𝜕𝑓
𝛿𝑓

where f is the objective function

The methodology of coupling PAMPERO and TO successfully applied to several test cases
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Study main Results

Constraint Initial 

Geometry

Iteration 1 Iteration 2 Iteration 3 Iteration 4

Volume Yes Yes Yes Yes Yes

Fixation/Interface Yes Yes Yes Yes Yes

Frequency 176 Hz 919.09 Hz 577.99 Hz 487.43 Hz 351.04 Hz

Buckling Min=414.09 Min=46.36 Min=41.6104 Min=27.68

Yield Strength Min=8.921 Min=1.675 Min=1.35 Min=1.491

Ultimate Strength Min=9.63 Min=1.808 Min=1.457 Min=1.61

Tension Min=7.235 Min=2.596 Min=1.927 Min=1.207

Iso-statism Local 

Flexures 

applied

Not Tested Not Tested Local Flexures 

applied

Local Flexures 

applied

Constraints results for the bracket

Constraint Initial 

Geometry

Iteration 1 Iteratio

n 2

Iteration 3 Iteration 4

Volume Yes Yes Yes Yes Yes

Mass 2.588 

kg

2.34 kg 2.134 kg

Fixation/Interface Yes Yes Yes

Frequency 98.59 

Hz

82.7 Hz 73.76 Hz

Buckling Min = 

32.83

Min = 20.52 Min = 14.67

Yield Strength Min = 

0.717

Min = 1.052 Min = 1.21

Ultimate Strength Min = 

0.774

Min = 1.136 Min = 1.53

Tension Min = 

1.621

Min = 1.282 Min = 1.1

Iso-statism Max = 

31.9 nm

Max = 16.8 nm Max = 11.1 nm

Constraints results for the bipod

Iteration Survival Mass 

[kg]

Casualty Area 

[m²]

Number of 

Fragments

Initial Geometry 1.346 3.32 8

Iteration 1

Iteration 2 0.509 2.008 5

Iteration 3 0.298 1.592 4

Iteration 4 0.222 1.953 5

Pampero results summary for the bipod / bracket for a release altitude of 78 km

Iteration Survival Mass 

[kg]

Casualty Area 

[m²]

Number of 

Fragments

Initial 

Geometry

1.028 2.05 5

Iteration 1

Iteration 2 0.840 1.271 3

Iteration 3 0.624 1.995 5

Iteration 4 0.371 3.806 10

Constraints and PAMPERO results over the iteration : Results 

improve up to iteration 4 → limit on constraints reached 
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Design Rules

Initial design

 

 

 

Bipod Optimized Geometry Iteration 4 

 

 

 

 

Final Optimized design

From previous optimisation iterations, three candidate profiles were derived:

• Two-bones profile: a dual-leg configuration emerging repeatedly as a demisable, high-heat-flux

topology.

• I-beam profile: a configuration offering intermediate demisability and structural/manufacturable

efficiency.

• Star-shaped profile: a configuration really low curvature radius.

These three profiles represent the most relevant profiles identified during the optimisation campaign.

Iteration 5 therefore consists of re-shaping only the central connecting region to match each of these

profiles while reusing the unmodified ADS compliant feet and head.
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Design Rules

9

Initial Iteration 4 

Iteration 5

Bracket : snapshot of the curvature 

radius and survival fragments Bracket initial – iteration 5 Bracket iteration 5 : survival Fragments

The analyses performed with PAMPERO indicate that the primary driver for fragmentation during atmospheric re-entry is the local

curvature radius of the geometry. Regions exhibiting small radii of curvature experience stronger local heat-flux, making them more

prone to early failure and fragmentation.

The computations shows that a region with a curvature higher than a critical value always end up on ground

Based on this observation, a demisability-oriented design rule is established
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BreadBoard test simulation PAMPERO

10

1 (23 sec)

2 (29 sec)

3 (34 sec)

4 (36 sec)

5 (39 sec)

PAMPERO simulation wind tunnel mode with conditions at 
peak heating

The 3 cross sections are equivalents since the 2 bones demise in first and last position (depending on the 
orientation), then the I beam 2nd and 2nd last postion (depending on the orientation) and then the star cross 
section in the middle 



11

DEMISABLE EO PAYLOAD MECHANICAL INTERFACES (BIPODS AND BRACKETS)

BreadBoard test simulation MISTRAL

11

Mistral CFD simulation wind tunnel mode with conditions peak heating at 0°

Leg shape receive more heat flux; then the I structure → due to the distance to the shock
It can be seen that the PAMPERO / DRAMA model need a proper I structure modeling 

Leg shape receive more heat flux; then the I structure shock interactions on the legs. The I 

beam is to small to take advantage of a shock interaction

It can be seen that the PAMPERO / DRAMA model need an improvement → Next step is

to couple PAMPERO HiFi with the optimiser

Mistral CFD simulation wind tunnel mode with conditions peak heating at 30°

Mistral CFD integrated heat flux for 3 shapes as function of AoA

Star profile will be always the prefered geometry by oriented/panel 
based method but high fidelity simulation shows that it is the worst

profile path for demisability →Optimized shapes cannot rely
only on curvature radius, especially when it comes to 
small holes / cavities
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VKI 1.2 MW Inductively Coupled Plasmatron 

Gas air, N2, CO2, Ar

Power 1.2 MW

Max. heat flux 4MW/m2 (subsonic)
15 MW/m2 (supersonic)

Total pressure 5 hPa - 400 hPa
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VKI in-situ material response characterization 

A. Fagnani et al 2023 Meas. Sci. Technol. 34 075401

FLIR A6750sc MWIR (3-5μm)
450 - 3270 K calibrated (FLIR)

Optris 1C pyrometer (3-5μm)
RT - 2000 K

2-colour pyrometer (0.75-1.1μm)
1300 - 3270 K calibrated (NPL London)

Broadband radiometer (0.65-39μm)
RT - 3270 K calibrated (NPL London)

Type-K and Type-B thermocouples  
RT - 1500 K and RT - 2000 K
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Test bread boards

Standard Machining

1 hemispherical sample

1 bipod breadboard (2 or 3 beams)

1 bipod breadboard rotated 90°

1 bracket breadboard (R = 2/4/8 cm or R = 2/8 cm)

ALM Manufacturing

1 hemispherical sample

1 bracket breadboard (R = 2/4/8 cm or R = 2/8 cm)

1 ALM bracket with Porosity 1

1 ALM bracket with Porosity 2
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Study Status & Way ForwardStudy status:

● Breadboard Models tests in Plasma 

Wind Tunnel planned at VKI’s facilities in 

Q4 2026.

● Test data will allow to confirm the bracket 

& bipods demisability improvement

through RTech optimisation.

● Correlation of simulations thanks the test 

results will allow to improve re-entry 

prediction precision.

● At the end of the study, confirmed design 

rules and lessons learnt will allow to 

support future Earth Observation 

spacecrafts development and design, on 

demisability topics, paving the way for 

future uncontrolled reentry strategies.

Bracket & bipods designs optimized for 

demisability performance, while conserving 

structural & thermoelastic requirements.

Bracket & Bipods Breadboard 

Models derived from both use-cases 

and under manufacturing.

Study way forward:

Design Rules 

under definition 

and to be 

confirmed by 

upcoming tests.
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