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Outline

* Requirement

e Challenging Part: Tilt Horizontal Coupling.

e Solution: Sensor Correction.



Target: Factor of 5 |solation on
Microseismic Peaks
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Active |solation Platform

Active lsolation

Inertial Sensors(1S) :
Streckeisen STS-2: 10mHzto 70Hz
L4C: 1Hzto 500Hz

Position Sensor (PS) : from DC




Sensor Blending

Transfer Super Sensor
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Tilt Horizontal Coupling

Transfer functions from actuator Horizontal 1 to sensor STS Horizontal 1
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Inertial Sensor Can Not Distinguish
Acceleration and Gravitation Feld
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Horizontal Actuator Generates Tilt M otion




W Freq

Freq=1Hz R =.25meter
Freg=.1Hz R =25 meter
Freg =.01Hz R = 2500 meter




Problems Generated by Tilt
Horizontal coupling

1. Stability: 2. Observablity:

Control loop on super
sensor is not Stable.

The Platform is moving, but
we do not know.
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How Much Tilt Is Acceptable?

Target total
RMS motion:
lum

Rat .01 Hz:

2500 meter

Tilt angle can
bring us trouble.:

1e-6/2500* 10 =
Anrad Realistic Blending Filter

0.01Hz 0.1Hz 10HZ  Freg



Move Blending Freq from 0.1Hz
o1 Hz

open loop transfer function
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“Clamp Up” the Platform
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If loop gain >>1,

X —gx =0,

X = QX

platform is
‘clamped up’ to
the ground.



Sensor Correction
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If loop gain >>1, X = 0, we haveisolation !



Sensor Correction Filter

Design Tradeoffs
T(f) 1-T(f)
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Compare FIR and IIR Filters
for Sensor Correction.
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Vertlcal Z Isolatlon by Sensor Correction
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Horizontal X Isolation by Sensor Correctlon
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Current and Future Work

e Designlonger FIR filter.

 FiInd better tilt sensors at low
freuencies.

|nertial tilt Senor with noise< .2 nrad/rootHz at
10mHz.

Relativetilt senor that does not have horizontal
sensitivity.



Compare FIR and IIR Filters

FIR IR
Design | Convex Non-Convex
optimum Try and Fail
guaranteed
Computation |Large Small
Cost
Performance | Great Ok




