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 LABYRINTH SEALS IN SPACE
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— ATTITUDE CONTROL SYSTEM

SOLAR ARRAY DRIVE MECHANISMS
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COARSE POINTING ASSEMBLIES




LABYRINTH SEALS

= Sealing lubricant evaporation

= Preventing contamination

= Design for each assembly
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MOLECULAR FLOW

VACUUM ENVIRONMENT (UHV, XHV)
Moiecules move freely

Primary .syrface collisions
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Vacuum pressure £ Vapor pressure

Viscous flow

Molecular flow
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SIMULATION

COMSOL MULTIPHYSICS

= Particle Tracing module
= Molecular flow module

MOLFLOW+ (CERN)




EXPERIMENT
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Outer labyrinth surface

Main pan

Lubricant reservoir
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Step position Mass loss
. Loss rate
(see Fig. 9) [mg/h]
10 % 0.665 +5.19 %
25 % 0.643 +1.62 %
50 % 0.633 -
' 75 % 0.640 +1.24%

90 % 0.662 +4.71 %
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Geometrical modifications




Classical Relief groove

Circular arc Dead end

Corner geometry Characteristic parameter  Loss reduction

Classical — —
Circular arc r=>no 3.8%
Relief groove type G* 3.9%

Dead end | =2b 4.3 %
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Geometrical modifications
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1. Determine the surface roughness Ra
2. ldentify the channel dimensions (W, L)
3. Obtain polynomial coefficients A, By, Cy,,

4. Calculate corrected transmission probability (TP_,,,)
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L 20— 1.27 mm
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Rotational influence on labyrinth seal transmission probability

y = 3E-21x° - 9E-17x* + 9E-13x - 4E-09x? - 4E-06x
0,16 ) & +0,1516

0,06
0,02
° 0 1000 2000 3000 4000 5000 6000 7000 10000
Rotation per minute (rpm)
0 RPM 2000 RPM [Spin influence
Simulation 0.178 mg/h 0.161 mg/h -9.05%
Experiment 0.188 mg/h | 0.168 mg/h —10.6 %
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~ concLusion

. S‘imulé_t‘ioh;,aligh .Withexperiments for complex seals

.- St‘ep'ped seals provide best sealing
Molecular beaming increases oil loss

Roughness affects transmission probability

Local modifications boost efficiency
'Ro’t_ation ihfluencés transmi‘ssio-n probability
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