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Finite element analysis Hitorinku LCGT

Evaluation of damping
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Overview

* Connect LCGT heatlink for suspension in the heat
bath

* Vibration Contamination from heatlink is a problem

Filter 1

* Contamination vibration from heatlink so far only a
simple spring model Has not been fully calculated yet
* We conducted an analysis using the finite element
method
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*  Connect LCGT heatlink for suspension in the heat bath
*  Vibration Contamination from  heatlink is a problem 
*   Contamination vibration from heatlink so far only a simple spring model  Has not been fully calculated yet
*   We conducted an analysis using the finite element method
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Finite element analysis software: COMSOL Multiphysics (available in a single physics)
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Semi-circular  heatlink arc
25cm radius of curvature
1mm diameter wire
Pure aluminum (E = 68GPa)
loss angle = 10-4 loss φ
120kg platform
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Fixed to the thermal shield wall 
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General one-dimensional linear differential equations
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FEM calculation of transfer function
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Transfer function
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Frequency response analysis

ric
Text Box
General one-dimensional linear differential equations
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Linear differential operator
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Demanded function (displacement)
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Source (power)
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Harmonic source
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Time-independent differential equations
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Solved by finite element analysis in static case
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Resulting:
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Vibration spectrum at frequency ω
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The power source analysis assumes a structural loss ?? (Force)

Displacement of the vibration input to ground can
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The power source analysis assumes a structural loss ?? (Force)
Displacement of the vibration    input to ground can
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FEM calculation of transfer function
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The problem 
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Then angular motion
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Changing coordinate system
See things from a moving coordinate system with a vibrating wall
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Still
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This frequency analysis can be  ???

ric
Text Box
Stationary wall
effective force due to  acceleration  acts on all objects
The effective power of the source term into the right-hand side
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Check consistency with the
theoretical (model)

oded il 41t E* |
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AR e 64> 60+sin(20)—8sin(0)
theory

W

Kx [N/m] 0.136

Ky [N/m] 0.051

Kz [N/m] 0.045

Subdomain: von Mises stress [Fa] Deformation: Displacement

Min: 1817 656
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Check consistency with the theoretical (model)
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1 kgd) 717& ﬂt—,ﬁﬁﬁ [ HR (') 1T_|' U’ 1kg mass attached modes

to its tip

0.029534Hz
(0.0285Hz)
0.09678Hz
(0.059Hz)
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(??7?) Is expected from the spring constant

0.032106Hz
(0.034Hz)

The resonant frequency
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Natural vibration modes
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1kg mass attached to its tip

ric
Text Box
(???) Is expected from the spring constant
The resonant frequency
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a single heat link


Transfer function

— HeatLink 1 TFX |]
HeatLink 1 TFY |
— HeatLink 1 TFZ |]
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Transfer function
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wire in a
Resonance
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wire in a Resonance 


Seven 'heat links



ric
Text Box
Seven heat links


Transfer function

— HeatLink 7 TFX |1
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Transfer function
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Connect the transfer function of the FEM calculation heat link
Equations of motion of the platform
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Connecting to SAS
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Takahashi made the Matlab mass model of SAS
Connect the transfer function of the FEM calculation heat link
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Equations of motion of the platform
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Other contributions from the (upper) stages
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Fourier transform
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We should find a. 
 HL-mass equations of the motion freedom  ???
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Taken together with the Fourier transform:

ric
Text Box
: transfer function


anti-vibration
performance of
SAS With HL
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 anti-vibration performance of SAS With HL


Impact (on) sensitivity
Inline non-directional vibration% assuming a coupling
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Impact (on) sensitivity
Inline non-directional vibration% assuming a coupling


Impact (on) sensitivity
Inline non-directional vibration% assuming a coupling
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This area is slightly (perturbed?)
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Impact (on) sensitivity
Inline non-directional vibration% assuming a coupling
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This measurement is questionable
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This measurement is questionable
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This measurement is questionable


Assuming a ground
vibration 1/f2

Inline seismic
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Assuming a ground vibration 1/f2
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Swapping the line
direction ?7?7?7?7??
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— Design sensitivity
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Swapping the line direction   ??????


Summary
heat link vibration transmission was calculated by finite element

method
assuming 1 / f spectrum of ground vibration, 10Hz or even lower
we have barely the target sensitivity
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Future work

*change heat link the connection, position find the optimal configuration

* Make a more realistic platform model
* use FEM to solve the heat conduction, and check the cooling capacity
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Summary
heat link vibration transmission was calculated by finite element method
assuming 1 / f spectrum of ground vibration, 10Hz or even lower we have  barely the target sensitivity
f 1/f2 spectrum, above 10Hz we have safety margin of at least two orders of magnitude
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Future work
 
*change heat link the connection, position    find the optimal configuration
*  Make a more realistic platform model
*  use FEM to solve the heat conduction, and check the cooling capacity
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