Last stage suspensions of VIRGO Mirrors
P. Puppo - INFN Roma

LIGO-G030366-00-Z
Summary

X The last stage suspension: its requirements and how it works;

X The last stage in the Virgo Central ITF;

X Studied problems during the CITF commissioning and improvements:
# Mechanical characteristics of the system mirror+holder;
# Mon linear effects:;

X Study of the West Input Payload modes in the E4 data of the CITF;

X Conclusions
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The Last Stage Suspension

How it works

it permits to control the mirraor
longitudinal and angular positionin the
low frequency range,

it damps the low frequency pendulum
oscillations:

it keeps the interferometer on the
working point;

it provides further 40 dB of seismic
attenuation:

Requirements:

Ultra High Vacuum and Clean Room
compatibility;

Internal frequencies as high as possible,

Seometry compatible with beams sizes
and position measurements,

Seometry useful for protection of the
mirrars from contamination:
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The Marionetta...
..controls the tilts 0, 0, and the
translations aleng z.

e.tn. actuators are uzed with o force
coefticient of 26 mkddA

..cah statically tik the mimor to
align the interferometer (10 mrad
range, 1 prad resolution).

A UHY compatible =tepping motor moves a 1
kg masz along the beam axis,

..is suspended on its center of mass
and all the forces are applied on its
baricentral horizontal plane to

decouple the different degrees of
freadom:

The Reaction Mass..

* ...controls the tilts 6, 6, and The translations
nlnng z and x;
* ...provides a snfef'f structure for the mirror in

case of suspension failure;

The reaction mass and the mirror must have the
same center of mass to decouple the degrees of

M2JIVIRGD



The reaction mass of the Virgo Mirrors

Markerz for the readout of the mirror local control

system

Safety stops

» made in FEEE,, a
UHY compatible
plastic material,
# they prevent
the mirror
oscillations from
damaging the coil
supports,

% in case of
suspension failure
they prevent the
mirror from
falling out the
reaction mass:
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The marionetta for the Virge Mirrors

/ Horizontal
. 25 mN/A
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Finite elements simulations

X We have performed a finite element simulation of reaction mass and marionetta to study the
internal modes that can couple, via the actuators, to the mirror motion, and to optimize the
components design,

The Reuc’r:iun Mass
(Al6063)

3089 Hz
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The Marionetta (Stainless Steel)

1461 Hz
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The CITF mirror payloads

7+ In the Central ITF all the mirrors have
dimensions smaller than the final test
Mmasses;

/¥ For this reason each mirror is held by an
Al6063 support:
¥ The support has external dimensions as the
VYirgo mirrors;
/¥ The use of the holder can modify the
mechanical behavior of the mirror:
X The mode shape
X The overall losses

¥ These effect spoils the Virgo sensitivity
curve;

& We have studied such effects® ona
pr‘ufuf'_ype:

¥ In the Virgo final ITF the Power Recycling
mirror is held by an holder:;

* F, Antonucei et al.,
"0 the influence of a mirrar holder to the

thermal noize of gravitationa wave interferometers",
to be publizhed on P.L. A,
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Scheme of the mirror holder
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Clamping System
The spring exerts a force of 10N to
clamp the mirror onits support,
This force induces a negligible static
deformation of the inzerted mirror,

Mirrer Holder
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We have measured, on a prototype, the shape of the first symmetric mode, which
mainly influences the sensitivity of Virgo.

Percussion
point

% We have uzed an impulzive technique by hitting
the holder on an az=igned point with a calibrated
hammer and measured the induced displacement
along the z direction, at each point of the map, with
an accelerometer,

X The tranzfer functions between the percussion

point and the detection pointa give informations on FEM Simulation of the
mz m;r;lrsr;}-ldj;;r’maﬂnn, allowing us to reconstruct Firsf S}WIHIEI"'FI.E' Mode (5453 HI)
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Mode Shape of the first symmetric mode

e Mirror inserted in the support and holded by the spring (CITF configuration)

From bive to red
fmegative to positive displacement
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Quality factor L Mrp
expected
CITF (300 £50% (3 +£1)kg
With glue (GO0 +£50% (10247 kg 9 ky

+ Making a conparison
between the

thermal noise spectral
densities

we can conclude that
the sensitivity

of the Virge ITF could
be spoiled by

the holder..
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Non linear effects in the e.m. actuators

7+ Nonlinearities can interfere with the mirror control system because they induce
unwanted modifications of the mirror position and give rise to spurious
harmonics in the control signal:

4 They are due to the electromagnetic cuuplinf between the coils and the
marionetta arms. or the coils and the mirror holders:

- The magnetization of the metallic parts of the

payload:;
W (z o> (=
Fm=_ T(] =_"b1m12$ =-[I'EIE

where W (z)=p_ 3 (Hi{z%t is the magnetic energy of the arms
having a form factor © and (Hi(z))? & I25(z) is the coil magnetic field squared.
tn 15 The magnetic susceptibility,
- The Focault currents in the metallic masses appear when
an alternate current flows in the coils;

Foiy = OF (V) I{ot) I'(et+4) = o, @ I{ot) ['(ot+d)

where F (V) is a form factor taking into account the coilz and arms geometry and o is the
electrical conductivity of the metallic mass.
The eddy current depends an the driving frequency w.
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v We have studied the nonlinear effects on the marionetta of a prototype of the last
stage suspensions used in the CITF with arms made of four kinds of materials.

ik
Z

inear = (315 +0.7) mN/A = (319 + 3) mrad/A

=
3
1

......

v DC measurements. We have measured the static torsion occurring when a static
current flows in the vertcal coils. The magnets were not installed on the marionetta arms.

v AC measurements. We have measured the static torsion occurring when a sinuseidal
current flows in the vertical coils. The magnets were not installed on the marionetta
arms.
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DEC Measurements. When a static current flows in the coils:
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AC measurements

A YWhen a sinusoidal current I(t)=I, sinfw,t) flows in the coils, a static forsion, given by the
combination of both effects, can be observed and the force exerted by each coil is:

I:n-:-nlinlae-:lr' - Iilfzjl:medd}f w0, gin ¢' - I::"'TndI-:-E

_2000) ___, ____________ 'A'ISI:S]'EL _,___ ____________
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body does not generate any quadratic effect.
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Eddy current residual effect on Steel ATST 3161 arms
compared with Al6063 eddy currents effect.
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Discussion

AISI304 Arms (CITF):
DC measurements: o, = (- 30.3 £+ 0.7y mN/A?
AC measurements: o, (.. = (- 20 £ 1) mN/A?

due to unexpected magnetization of the material

Al6063 Arms:
DC measurements: o, = (- 23 + 3) uN/A? magnetization
AC measurements due to a strong eddy currents effect.

ALSIZ16L Arms:
DC measurements: o, = (- 180 + 10) xN/A?

AC measurements due to eddy currents and magnetization.
Eddy current effect ~ 2 uN/AZ/Hz

Conclusions

In the final ITF the arms are made in the amagnetic steel ATSIIIEL, with ¢ =5 10-3
p=1lo=45107L1m,

Fragn, = 1A 10 Feoils @ 1=18 A

magn.

F.. (1Hz) = 1/10 Feoils @ I=1600 A
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Identification of the West input

mirror internal modes in the CITF
Some preliminary results

*» We have identified the WI mirror internal
modes performing some measurements in our

laboratory, after CITF disassembling.

* We excited the mirror + holder system from
the reaction mass back down coil and measured
the displacemeant along its axis with

an accelerometen.

/¥ We compared the results with the CITF high
frequency transfer function measured during

E4.

Eccitation

s
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: WT transfer function - Lab measurement
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We have measured the mode shape of the internal frequencies

July 9, 2003 Sth Amaldi Conference ({@} ) \/| RG:)
F.Fuppo - INFMN Roma



First Asymmetric (0,2)
2475 Hz

simulation 2441 Hz

First Symmetric (10)
4151 Hz

simulation 4163 Hz

(0.3) (11)

2064 Hz 6424 Hz

simulation 5144 Hz
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Profile of the symmetric mode 4151 Hz
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from the simulation we have obtained: Meq = 7.56 kg
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LA D
Effective Mass
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Profile of the asymmetric mode 2475 Hz
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Comparison of the E4 displacements noise
spectrum with the thermal neise
contributions computed using the Lab
measurements results.
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came order of magnitude of the
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/¥ We have described the last stage suspensions of the mirrors of
Virgo.

¥The limits experienced in the CITF has helped us to improve to the
set up for final configuration:

X Nonlinearities reduced;

X Mirror holder for the PR mirror optimised;

¥ We have identified and characterised the CITF WI mirror internal
modes:

XThe equivalent mass of the first two modes was

computed. The value is compatible with the hypothesis

that the peaks in the E4 noise spectrum are due to
thermal motion.
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