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INTRODUCTION

SPACE ENVIRONMENT

 Vacuum, Extreme temperatures, Radiation

SPACE MISSIONS

 Operation over long lifetimes (5–15 years)

MISSION–CRITICAL TRIBOLOGICAL COMPONENTS

 Bearings, gears, actuators

LUBRICATION FOR SPACE APPLICATIONS

 Solid, Fluid (oils & greases), Hybrid



LABYRINTH SEALS IN SPACE

ATTITUDE CONTROL SYSTEM

SOLAR ARRAY DRIVE MECHANISMS

COARSE POINTING ASSEMBLIES



LABYRINTH SEALS

 Sealing lubricant evaporation

 Preventing contamination

 Design for each assembly



LAYBRINTH SEAL

RESEARCH AREAS

 Overall geometry

• Length, Width, Complexity

 Local modifications

 Surface topography

 Rotational influence



MOLECULAR  FLOW

VACUUM ENVIRONMENT (UHV, XHV)

 Molecules move freely

 Primary surface collisions

 Rare intermolecular collisions

VACUUM EVAPORATION

 Vacuum pressure ≤ Vapor pressure

Molecular flow

Viscous flow



EVAPORATIVE MASS LOSS

ANALYTICAL EXPERIMENT

SIMULATION
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SIMULATION

COMSOL MULTIPHYSICS

 Particle Tracing module

 Molecular flow module

MOLFLOW+ (CERN)

 1 𝑚3



EXPERIMENT

EVAPORATION TEST RIG (ETR)



EVAPORATIVE MASS LOSS

ANALYTICAL EXPERIMENT

SIMULATION



LABYRINTH SEAL

OPTIMIZATION

 Overall geometry

Length, Width, Complexity

 Geometrical modifications

 Surface topography

 Rotational influence
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OPTIMIZATION

 Overall geometry

Length, Width, Complexity

 Geometrical modifications

 Surface topography
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LABYRINTH SEAL

Labyrinth Width [mm] Diameter [mm] Length [mm]

SHORT b = 0.5 d = 86.5 L = 1.5

LONG b = 0.5 d = 86.5 L = 10

STEP b = 0.5 d1 = 86.5 L1 = 8.25

d2 = 92.5 L2 = 3.00

L3 = 1.75
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LABYRINTH SEAL
MOLECULAR BEAMING EFFECT
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LABYRINTH SEAL

OPTIMIZATION
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 Overall geometry

Length, Width, Complexity

 Geometrical modifications

 Surface topography

 Rotational influence
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LABYRINTH SEAL

INLET

OUTLET

Corner geometry Characteristic parameter Loss reduction

Classical – –

Circular arc r = b 3.8 %

Relief groove type G* 3.9 %

Dead end l = 2b 4.3 %
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OPTIMIZATION
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 Overall geometry

Length, Width, Complexity

 Geometrical modifications

 Surface topography

 Rotational influence
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LABYRINTH SEAL

1. Determine the surface roughness Ra

2. Identify the channel dimensions (W, L)

3. Obtain polynomial coefficients AW,L BW,L CW,L

4. Calculate corrected transmission probability (TPcorr)

Transmission probability correction model
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 Overall geometry

Length, Width, Complexity

 Geometrical modifications

 Surface topography

 Rotational influence
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CONCLUSION

 Simulation align with experiments for complex seals

 Stepped seals provide best sealing

 Molecular beaming increases oil loss

 Roughness affects transmission probability

 Local modifications boost efficiency

 Rotation influences transmission probability
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