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~LIGO Introduction

HAM-SAS Attenuation Stages
HAM-SAS is a seismic attenuation system expressly designed to fit in the
tight space of the LIGO HAM vacuum chamber.

GAS Filter Springs

Optical Table
\ [
. |.~
I v
e Sy LN
;nn _ _ nnl / K
J Sk WAL L ¥y
- S =___
S I
P —— . J\_I.'1 f:ﬁ,_l‘l‘l"
o C _:--I:__--_ >
| | =

J | R:T;
Spring Box X T Flexural Joint
-~ '\_\
- “Inverted Pendulum Leg

-



LIGO Introduction

Modeling Approach

A state-space model of HAM-SAS mechanical structure have been
developed using an Analytical approach.

Let’'s summarize the approximations used in the model:
* Lumped system, i.e. rigid body approximation

* Elastic elements are approximated using quadratic potenti
oscillation regime

» Dissipation mechanisms are accounted using Vi
approximate structural/hysteretic damping |

*The system is considered symmetri
displacements x, y, and yaw fro

eInternal modes of the me



~LIGO Introduction

Modeling Approach
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“1UcGo Maple scripts

Modular structure

The way that the code has been written is such that allows to progressively mtroduce
features to improve the accuracy and remove degrees of freedom to check the co
of the simulation.

v Lagrangian Generalized Coordinates

> g = vector([seq(SP x [i],i=1..2),seq(thetal [i] ,i=1..Pendula),seq{theta? [i] ,i=1..Pendula),seq(phi [i],i=1. .Masses-Constraints)]);
P = vector([seq(SP:xp[i],i=1..2),seq(theta1p[i] ,i=1. .Pendula) ,seq{thetaZ?p[i] ,i=1..Pendula),seq(phi_p[i],i=1..Masses—Constraints)]);
u := vector([seq(Fx[i],i=1. .Masses), seq(Ft[i],i=1. .Masses) SP Fx, 8P Ft]);

yLagrangian

Kinetic Energy Shaker

> SP T := 1/2*%3P M*SP_Xp"2+ 1/2*SP Iz*Theta SP zp"2;

Potential Energy Shaker

> SP U := 1/2*%3P k*(SP_x[1]"2+8P x[2]1"2);

Kinetic Energy MMasses

> MC T := add(1/2 *MC m[i] * MC Xp[i]"2 + 1/2*MC Tz [i]*Theta MC =zp[i]"2+ 1/2*MC Ix[i]l*phi p[i]"2,i=1..Masses)

Gravitational Potential Energy [Fs

> MC U := 1/2 *g*add( MC M[i]*(MC H[i]*thetal[i]"2+MC H[i]*theta2[i]"2)/2 ,i=1..Pendula )

+ 1/2 *g*add{ MC M[il* MC h[i]l* phi[il"2, i = 1..Masses);

External Forces
> MC EF := add({ Fx[i]l* MC_h[i]* phil[i] ,1=1. .Masses)
+add Ft[i]*(MC_H[i]*thetal[i]—MC_H[i]*theta2[i])/(Z*MC_Db[i]),i=1..Masses)
+ SP Fx*SP X
+ SP Ft*Theta SP =z;
Lagrangian N T
| > MC Lagr:= SP_T+MC T-SP U-MC U+ MC EF:




—LIGO Results
— Horizontal Stage Model v5.0

Inverted Pendulum Table: Transmissibilities Horizontal Direction (X)
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LIGO Results

Vertical Stage Model v3.3

MEAS Table: Transmissibilities Vertical Direction ()
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LIGO Results

Triple Pendulum + Horizontal Stage Model

Inverted Table Pendulum + GASF Spring box: Transmissibilities Horizontal Direction (%)
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/)] Results
LlGO ~ Barton’s TP + I—!orizontal Stage Simulink Model
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LIGO Problem

Backreaction Lagrangian Example #1

Ltot r L + I‘back

Lzémx2 +%M)‘<O2 +mg|(1—cos X_IXO]

I—back Z%:uyz +(M +/l+m)g|(1_

Backreaction Lagrangian depe
total mass of the system



LIGO Problem

Electronics filters analogy

. [ “_\ 1 i__ |H Since we consider the input i
analog filters to be infini

out g(f) h(f) —> combine them in alli
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LIGO Problem

Backreaction Lagrangian Example #2




