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Microvibration on spacecraft 

 Vibration generated on-board 
spacecraft limits the performance of the 
payload. 
 

 Scientific and EO require increasingly 
stringent microvibration environments. 
 

 Ground-based microvibration test 
facilities are needed to reduce mission 
risk and cost. 
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Isolation stage 
Feedback isolation 
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Isolation stage 
Feedforward isolation 
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Measurement stage 

6 

Sa Pm 
Sd 

Passive Isolator 

Km Cm 

Pa 
Sg 

Passive Isolator 

Ki Ci 

Specimen 



Mechanical design & instrumentation 

Base 
 Passive isolator 
 Feedforward seismometer 
 6 actuators 
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Mechanical design & instrumentation 
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Isolation stage 
 Passive isolator 
 3 feedback seismometers 
 6 actuators 
 6 interferometers 



Mechanical design & instrumentation 
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Measurement platform 
 Interface plate 
 6 retroreflectors 
 6 accelerometers 



Mechanical design & instrumentation 
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System identification 

 Exert force steps in each DOF. 
 Measure the platform response. 
 Find the system parameters which best model the platform 

response to the exerted force and the ground vibration. 
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Example results – isolation 

12 



Example results – excitation 

Measured platform displacement whilst being driven to a 
different swept sinusoid setpoint in each of the six  degrees of 

freedom. 
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Measurement uncertainty 
Actuator calibration 

 Solenoid actuators can be calibrated in-situ using the Kibble Balance principle 

Laplace force 
𝐹𝐹 =  𝐵𝐵𝐵𝐵𝑖𝑖 

Faraday’s law of induction 
𝑈𝑈 =  𝐵𝐵𝐵𝐵𝐵𝐵 

𝐹𝐹
𝑖𝑖

=
𝑈𝑈
𝐵𝐵

 

F – force 
B - magnetic field strength 
L – length of wire 
i – current  
U – voltage induced 
v – velocity 
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Measurement uncertainty 
Measurement sensitivity 

 Measurement sensitivity can be estimated using the system 
actuators as an input. 

 Sensitivity deviates from unity at higher frequencies. 
 Deviation is dependent on specimen dynamics. 
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Measurement uncertainty 
Deconvolution 
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 Can use calibrated actuators to measure measurement sensitivity. 
 Measurement response may be flattened using deconvolution filter. 



Measurement uncertainty 
Response uncertainty and cross-talk 
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 Must take into account cross-talk and uncertainty of measured sensitivity. 
 Need to invert 6×6 measurement frequency response matrix. 

𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 
𝒇𝒇𝒇𝒇𝒎𝒎𝒇𝒇𝒎𝒎 

𝒇𝒇𝒎𝒎𝒄𝒄𝒄𝒄𝒄𝒄𝒎𝒎𝒎𝒎𝒄𝒄𝒄𝒄𝒇𝒇𝒄𝒄 
𝒇𝒇𝒇𝒇𝒎𝒎𝒇𝒇𝒎𝒎 = ⋅ 



Measurement uncertainty 
Monte-Carlo 
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 Deconvolution filter drawn as part of Monte-Carlo uncertainty estimate. 



Example results - measurement 

A time domain plot of a 1 Hz, 100 mN 
sinusoidal force exerted in the vertical 

direction.  
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A frequency domain plot of a 10 Hz,     
7 μNm sinusoidal torque exerted 

about the vertical.  

The exerted force is plotted in blue, the 
measured force in black and its k = 1 

uncertainty in red. 



Thank you, 
any questions? 
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