
Modal Damping NotesModal Damping Notes

Brett Shapiro
8 June 20118 June 2011
G1100755

1



Low Gain Modal Damping NoiseLow Gain Modal Damping Noise
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X Modal Damping Noise Contributions: Time Domain Estimator
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Low Gain Modal Damping RingdownLow Gain Modal Damping Ringdown

6
Test Mass Response to Impulse at Suspension Point
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Low Gain Modal Damping Loop GainLow Gain Modal Damping Loop Gain
Bode Diagram
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High Gain Modal Damping NoiseHigh Gain Modal Damping Noise
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X Modal Damping Noise Contributions: Time Domain Estimator
 

10-10
10-9
10-8
10-7

14
10-13
10-12
10-11
10

e 
m

/ 
H

z

10-17
10-16
10-15
10-14

Am
pl

itu
de

21
10-20
10-19
10-18
10

ISI Stage 2
OSEM Sensor Noise
Cavity Seismic
C it S

1.3*10-20

5
10-2 10-1 100 10110-22

10-21

Frequency (Hz)

 

Cavity Sensor
Total Cavity



High Gain Modal Damping RingdownHigh Gain Modal Damping Ringdown

6
Test Mass Response to Impulse at Suspension Point
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High Gain Modal Damping Loop GainHigh Gain Modal Damping Loop Gain

102 Bode Diagram
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Modal Damping FiltersModal Damping Filters
150
Bode Diagram of a Normalized 1 DOF Oscillator

20
Bode Diagram of a Normalized Modal Control Filter
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The filter includes 2 low passing poles at twice the resonance frequency and a 2 pole, 2 zero 
gain bump at the resonance. Total of 4 poles and 2 zeros per mode. 8



Modal Damping Block DiagramModal Damping Block Diagram
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x = sensor signals
q = vector of modal signals

Pm = modal damping force vector
P = Euler damping force 9



X Modal RCG ImplementationX Modal RCG Implementation

Pole count for X damping: Estimator =  8 per filter, Dampers = 4 per filter ‐> Total = 80.10


