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Talk outline

* Gravitational waves: nature arq sources >\
* Gravitational waves detector: interferc -‘; Le

e Structure and functlcy/of payloads

* Test sessions on paylead /
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Origin and nature of |
gravitational waves




GENERAL RELATIVITY THEORY
ravity is a property of the space-time
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— ,,éw: Einstein'sensor G: gravitational constant
T, energy- omenttyr{sor C: speed of light

Phenomenor bi?c' ncentration of mass or energy
deform the space-time
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NEW WINDOW ON THE UNIVERSE
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Sources of gravitational
waves \ |
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’ bolar asymmetric accelerating bodies:
N -\ Big masses involved

- High speeds
/‘ /

/ Binary system

: Z Neutron stars
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Black holes
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-t roce es e,rfutted eﬁergv what we can aFtuaIIy detect is just

ong dlstances and e ‘ persion throughout the universe
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arth:h 1021 m //
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ifferential distance is 1028 m
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1000 times smaller
’ than an electron
p : classical radius
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Gravitational wave Qtec g

Michelson Interferometery
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I\/Iich\elson Interferometer’s
\  functional scheme

Input Fabry — Perot
Mode ¢ =
Cleaner CaV|ty

mmy

Faraday .
Isolator U\ 1 kW
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Y ,// 3

\;quum (UHV) chamber
4

,

* Configura on double stage system with the so

arionette as first pendulum and the
mirror suspended from it

suspend all the additional components

Issues: limiting the overall weight, avoiding

transversal modes in the control loop bandwidth

Federica Mezzani

13



Test session on the Power Qs

Recycling payload
-
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Thermal noise
Newtonian noise
Shot noise
Seismic noise
Sensitivity curve
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\
Virgo+ sensitivity curve

Minimum detectable signal
!
|

An accurate frequency

analysis in order to:

- Properly tell the effect
of a gravitational wave
Avoid resonances in the
control loop bandwidth




4

erimental test to validate the model

16
== Federica Mezzani






Ansys workbench — Mesh
Cage of the payload

\ Modal analysis

/
b F;e/e boundary conditions
% (no constrains)

/

7 - N° of elements: 497057

Materials: Anticorodal 6082,
Aisi 316L steel
- Overall weight: 109 kg
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A Modal
Total Dufoematon 4
Typo: Tots Dofoematon

A Modal
Total Defoernason 7
Tyoe: Totst Defoemation




Ansys workbench — Mesh

Cage of the payload

Harmonic analysis
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ys workbench — Mesh
Cage of the payload
\ Harmonic analysis

250
Frequency
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Cage of the payload

> perimental analysis
<\ ‘ } SETUP
s, Q
//,f; £ \]‘ . . ‘, . .
/- \Excitation: mu/l/uple impact hammer
=
Simulated

free

- 3D accelerometer
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\\\ Cage of the payload
Experimental analysis

\\

_conditions
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\ Results comparison

\Preliminary analysis
|
|

/4

& .
Blue curve: Numerical results

Red curve: Experimental results

100 200 2a(] a0

Freguency
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des identification and
correspandence to the model
f the cage structure

- 1) Experimental test with different types of excitation

=

2) Modal identification methods:

/Nén linear least square method
4

/ Polyreference least square method

'/ Or

Circle fit method (decoupled modes)
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in the model

ponents
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“Marionette
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€st session on the complete structure

/ - Geometry review

- Experimental analysis

- Effective mass evaluation
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Effective mass evaluation

Geometry
312312015 1:13 PM

Effective mass defines the
&_percentage of the total mass that
\ ~contrib7tes to a specific mode

[
i B
h /

It/prowdes an estimation of the

o coupling between modes

/"'/

Around a resonance frequency the
g behaviour of a structure is equivalent to
0,500 (m) I_. z the one of a 1D harmonic oscillator of M ¢

[ —

0.250 / E . = 11\4 wzxz
strain = 5 eff* Y0 eff

Hyp: small dissipations
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Cage + actuators plate



A Mol
Total Deformaton
Type Total Deformaton
Frequency 12710 M2
Unit m
WIS MM

BI1650 Max
oo
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Yotal Deformabon 7

Type: Total Deformation
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A Mol

Totsl Deformation &
Type: Total Defematon
Frequency 221 96 M
Unit m

NS MM

221,96 Hz
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Frequency 10074 M
Unit m
W2N015 110 P

026427 Max
. 0 17

A Mods

Total Deformation &
Tyoo: Total Deformation
Freguency 31549 H2

m
TINS5 1105 P
P 046500 Max

041438
{10 6

Q005697 Min

315,49 Hz
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Conclusions

-
- Towards a standardisation of the awr NN

in order to extend thf/épplicationfor : e

payloads |
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