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Reaction Wheel Assemblies (RWAs) 
are satellite attitude control devices.

• RW cause unwanted onboard disturbances
• Static/dynamic unbalance
• Flywheel material non-uniformities

• Ball bearings imperfections

Figure 2 : RWA cross-section [2] 

Figure 1 : Image degradation due to unwanted 
onboard RWA vibrations [1]

• Material defects
• Ball defects
• Outer/inner race imperfection
• Manufacturing tolerances
• Poor lubrication
• Misalignments

Bearing Disturbances Model
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Figure 3 : Ball Bearing operational disturbance

Ball compression force = 𝑓 (𝑘𝑏𝑎𝑙𝑙 , temperature, n° balls)

∆𝑅 = 𝑅2 − 𝑅1 = 𝑅1𝛼 𝑇2 − 𝑇1∆𝑅 = 𝑅2 − 𝑅1 = 𝑅1𝛼 𝑇2 − 𝑇1
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Which combination of parameters 
minimizes onboard RW 

microvibration?
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Figure 7: Simulated microvibration waterfall plot corresponding 

to outer race ball bearing imperfection
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Figure 4 : Thermal expanding inner bearing race

• Thermal preload expansion of the inner bearing race at 
different temperatures

• 3 different ball diameters and 3 to 10 number of balls
• Frequency content evaluation of time domain signal
• Derivation of ball bearing microvibration waterfall plot
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Figure 6 : Time domain disturbance of an 
outer race defect simulatedFigure 5 : Different bearing geometries implemented


