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LIGO
Motivation

® Want adesign model to go beyond the Matlab model of Torrie, Strain
et al.

® Needto add:

» Full 3D with provison for asymmetries

» Proper blade model

Wirebending elasticity

Arbitrary damping and consequent thermal noise

® Similarin scopetothe Maple model of Matt Husman but based on a
M athematica framework originally developed for the X-pendulum

® Make bes use of tools export state- pace model to Simulink for time-domain and control sysem
anaysis
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LIGO

Features
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A general framework with utilities for gpecifying different configurations (e.g., quad, triple etc)
ina(relatively) user-friendly way

6-DOF rigid bodies f or masses (no internal modes)

6-DOF rigid bodies representing blades (slight overkill but simpler than half measures)
Massless wires (i.e.,, no violin modes) but detailed € agticity model from beam equation
Arbitrary frequency-dependent damping on all sources of el asticity

Symbadlic up to the point of minimizing the potentia to find the equilibrium podgtion

Cal culates elasticity and mass maitri ces semi-numerically (symbolic partial derivatives of
functions with mostly numeric coefficients)

Eigenfrequncies and eigenmodes cal culated numerically

Reasonabl e runtime:

— 2 minuteswith just wire longitudi nd elasticity (adeguate for most control theory purposes)
— 2 hourswith wirebending eladticity (required for thermd noise esti ma es)

Structured to make version control easy
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LIGO
Status

® Quad andtripleversons released.:
http://mww ligo.caltech.edu/~mbaton/J Smodels

e Vdidation against quad and triple Matlab modds completed to extent possible

»  Four figureagreement in mode frequencies for test cases with blades disabled and no wire bending elasticity
»  Someminor errorsin thequad Matlab modd identified and fixed as a spinof

e Vdidation against analytical results largdy completed:

»  Wirebending elasticity codeis giving correct results

»  Dissipati on dilution is not corredly implemented so there is spurious damping/thermal noise from subsystems
that should be losd ess - the fix has been identified but not implemented

» ETA: anothe few days
® Choosing corred values for blade parameters largely unfinished:

» Apatfromdastiaty inthe working direction, most blade parameters are order-of -magnitude guesstima es
»  Model isuseablefor many purposes asis
» ETA to better parameters. afew months
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