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Outline

» Noise sources of GW interferometers
» The mirrors

» The Superattenuator (SA)

» Mechanical design

= Control system
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AdVirgo Mirrors

« Mirrors are made of Suprasil SiO,, 350 mm of diameter, 200 mm wide, surface
roughness < 108 m.

« Coating is done using Ti doped Ta,O¢

«  Monolithic suspensions: made with extremely thin SiO2 fibers (400 um of diameter) to
suspend mirrors of about 42 kg.
=
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~ First large optics polished (BS, PR,

Test mass:
ASS cm @, 20 cm thick, 42 kg




AdVirgo Mirrors

The first mirror of the
‘new generation’

550 mm of diameter, 65
mm of width

About 34 kg of total
weight

It's the test mass
supported by the Beam
Splitter suspension
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Introduction

Harmonic Oscillators as Mechanical filters

At frequencies higher than the oscillator resonance, the transfer function of an harmoni
oscillator is equivalent to a second-order low pass filter.

Massive Spring Transfer Function
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AdVirgo Superattenuator
The superattenuator (SA)

. W <——— FilterO
The AdVirgo superattenuator (SA) is a complex mechanical device capable of

providing more than 10 orders of magnitude of passive seismic isolation in all

SRR e six degrees of freedom above a few Hz

» The SAis a passive mechanical system constituted by a 5 stage pe
supported by a 3-leg elastic pre-isolator called inverted pendulu

= All the normal mode resonance frequencies of the SA are

Sl e » The SA mechanical structure, consists of three f

inverted pendulum, the chain of standard filters

= Mechanical design for AdVirgo is essen
the payload.

w99'8

Transfer function

Filter 7

— Model
— Measurement

101> @ 10 Hz
of passive attenuati
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AdVirgo Superattenuator (@

The Standard Filters

Crossbar Damper Filter

The first four pendulum stages of the SA are

Crossbar i ispri
Magnetic antisprings denominated Standard Filters (SFs).

F'shing rod

-

The SF is essentially a rigid steel cylinder supporting
a set of maraging steel cantilevered triangular
blades clamped along the outer surface of the
body.

A magnetic anti-spring system, as
filter, is designed

to reduce its fundamental ve
about 1.5 Hz down belo

Filter body

102 for f > 2 Hz 70 cm of diameter

of passive attenuation
in both horizontal and vertical
direction !!
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AdVirgo Superattenuator

Control system
On long superattenuators (BS, NI, NE, WI, WE, PR, SR) are installed:

FO
« 18 LVDTs of 3 different types
9 Vertical LVDTs (FO — F7 Crossbar, Bottom Ring)
* 3 FO Horizontal LVDT P 4
*6 F7 LVDTs 4
* 5 Accelerometers of 2 different types installed on FO: F1

» 3 Horizontal Accs
» 2 Vertical Accs

» 23 Coils of 4 different types
* 5 FO Coils
* 6 F7 Coils
* 8 Marionette coils
* 4 Mirror coils

3 Piezos on bottom ring ( )

» 21 Motors
« 1 Top screw FO vertical motor
3 FO trolley motors
* 6 Fishing rod motors
» 2 Marionette motors
* 4 F7 motors
* 5 Accelerometer motors
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AdVirgo Superattenuator

Control system
For f<10 mHz ,‘ Filter 0

The control system has been designed using a hierarchical strategy regulated
by the dynamic range of the actuators.

Suspension wire

= 23 Coil Magnet Actuators in 3 points (actuation stages) of the SA:
- Filter O:

Large displacements (hundreds of microns) for f<10 mHz.
- Filter 7 + Marionette:

Small payload displacements (1 micron) in the 10 mHz<f<
- Filter 7 + Mirror:

Small residual mirror displacements (a few nm), fo

Standard filters

= >20 Local Sensors
- Accelerometers

- 4 Displacements Sensors (LVDT:
- 6 Displacements Sensors on Fi
- Optical Readout of Marione

Filter 7

IP legs = Digital Control syste

= The total cor
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AdVirgo Superattenuator

Control sytem hardware

@ Electronics Design based on Texas Instruments DSP TMS320C66Xx
© TMS320C6678 High-Performance
Eight TMS320C66x DSP Core Subsystems o
320 GMAC/160 GFLOP @ 1.25GHz i3 Texas

INSTRUMENTS

Four Lanes of SRIO 2.1 - 5 Gbaud Per Lane Full Duplex

Two Lanes PCle Gen2 - 5 Gbaud Per Lane Full Duplex
Ethernet MAC Subsystem - Two SGMII Ports w/ 10/100/1000 |
64-Bit DDR3 Interface (DDR3-1600)

€ ¢ ¢ ¢ ¢ ¢

Computing power of a high-end GPU but extremely energ
specifically designed for hard real-time applications

Platform Effective Time
1024 comp

0

GPU |nVidia Tesla C2070
GPU |nVidia Tesla C1060
GPP |Intel Xeon Core Duo @ 3 GHz 1.8 95 171
GPP |Intel Nehalam Quad Core @ 3.2 GHz
DSP [TI C6678 @ 1.2 GHz
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AdVirgo Superattenuator

Control system hardware

R

10 Vpp, differential 1/0

; I Analog I*

! 6ch ADC 24bit, up to 3.84 MSPS
ADC DAC 1“1 6ch DAC 24bit, up to 640 kSPS

Analog and digital parts have been
| embedded in a single board.

‘ E‘ |ﬁ ‘\:——q- 2 lanes x Gen2 PCle (up to 10 Gbps)

DSP a Gigabit Ethernet - Control
» « v Upto 12 modules pe
kg

()

4 lanes x SRIO (up to

RapidlO Switch
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AdVirgo Superattenuator (@

Control system hardware

» A total of 14 boards, each one equipped with an 8-core TMS320C6678 DSP, are connected to each

long suspension:

Total computing
power of each SA :

>2.2TFLOPs !

kred

N

Sa_XX

Y

\
N

Slot 1
Slot 2
Slot 4
Slot 5
Slot 7

P
=

!

VAccs FO Coils HAccs

J:L FO HLVDTs

VLVDTs FO VLVDT

RapidlO
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AdVirgo Superattenuator

Control system software

SA control is an extremely complex system:

+ 131 DSP boards are installed on BPC, BS, IB, MC, PR, NI, NE, WI, WE, SR, OB

« 185 control code files are running at the same time on the DSP cores at 10 kHz (IP, F7, LC controls), 40 kHz

(Global signals oversampling) and 320 kHz (Digital demodulation of sensors)

* All the DSP software (code, generated assembler and binaries) is archived in an SVN repo that can be b

02 SOFTWARE Map

https://svn.eqo-gw.it/svn/satsw/DSPCode Adv/

54 BOARD IP

CONMECTED DEVICES

SOFTWARE RUMNIMNG (Cored, 10 kHz)

SOFTWARE RUNNING [Corel, 320 kHz)

EPC 172182104
EPC 172182141

Sa EE 17246262
Sa EE 17246233
58_B5 17218232

58_8 17216228
5a_8 172182430
5a_8 1721825
58 18 17218218
58_8 17216223
5C_IE 172162118
5c_IB 172182 B8
5c_IB 172182107
5c_IB 1721621473
5C_IE 172182174

Sa_MiC 172182138
S WAT 172182 M
S WAT 172182138
S8_MiC 172162103
Sa_kiC 17218214
Sa_kiC 172182 130
Sc_MIC iis2imd
Sc_MIC 172162 168
SC_MIC 1721162 EE
Sc_MC 172182 105
Sc_MC 172182171
ScMC 1724524 m
SC_MC 1TLIEL1TE

Sa_MWE 17218237
Sa_MWE 17218240

MIR, MAR Coils
MAR Coils

F7 LvDT

F7 Coils

BR VDTS
Fll, F4, F7 LVOTs
FOWACS
FO Cails
FII HAoes

Technologie

fvingnDey/5a/DSPCode_Adv/BPCIERC_PSD
fvingnDey/5a/DSPCode_Adv/SPCIERC_CD

FeirgeDey/5a/D5PCoce_Advy/B5/LVDT/ES_MASTER
fwirgee/Sa/D5PCode_Ady/B5/LWDT/ES_LVDT_HG_SRIO
FeirgoDayfon/DSPCooe_Adv/8s/ Aos/BS_vare_ LOG
FeirgoDayfon/DSPCooe_Adv/Bs inertisDamping/BS 1D_Disg
FeirzoDeyfSa/D5PCoce_Adv/B5 A0csBS_Acc LS
FuirgoDey/Sa/DSPCoce_Adv/BS/LVDT/ES VLVDT_SRIO
FeirzoDey/Sa/D5PCoce_Adv/BS/LC/ES_PSDE
FeirgoDayfon/DSPCooe_Aov/BS/LC/ES PSDm
FeinzoDey/Sa/D5PCoce_Adv/B5/LC/ES_PSOE
FeinzoDey/fSa/D5PCoce_Adv/B5NC/ES PSD
FeirzoDeyfsa/D5PCoe_AV/BS/LL/ES_Mir
FeirgoDayfon/DSPCooe_Aov/BS/LC/ES Mar
FeirgoDayfon/DSPCooe_Aov/BS/LVDT/ES_F7_LVDT
FeinzoDey/fSa/D5PCode_Adv/B5F7/ES FT_CD

FeirgoDeyfSa/D5PCos_ADVIB/LYDT/IE_MASTER
{virgoDev/=a/D5PCode_Adv/IE/LVDT/IB_LVDT
fvingoDev/=a/D5PCode_Adv/IE/Acs/IE_wAn:_LOG
[irzoDey/ T 05PCode_AdvI8/ InertmiDamping 18 _|D_Diag
FeirzoDeyfSa/DSPCoce_AviIB AcIE_Ace_LOG
FeirgoDeyfsa/DSPCoe_AVB/LCE_PSDr
{vingoDev/=a/D5PCode_Adv/I8/LCNE_PSDi
fvirgoDev/=a/D5PCode_Adv/i8/LC/1E_PSDt

firgoDey /S DSPCode_Atv/IE/LCNE_Mard
feirmoDayfsa/DSPCoce_A0vB/LCNE_Mar

fvingeDey/5a/D5PCode_Adv/MGILVOT/MC_MASTER
FuingoDey/Sa/DSPCade_Adv/ME/LVDT/ME_LVDT
FuingoDey/Sa/DSPCode_Adv/ME/ Accs/ME_vAcs_LOG
feingoDey/sa/D5PCoce_Adv/MC/ inertisiDampingMC_ID_Disg
FvingoDey/5a/D5PCode_Adv/ MG/ Aocs/MC_der_LOG
FirmoDeyfSa/05PCoce_Adv/MCTilt/Piezn Test
FuingnDey/Sa/DSPCode_Adv/MCILEME_PSDP
fuingnDey /S DSPCode_Adv/MCILE/ME_PSDI
SeirzoDayfsa/DSPCogs_ARMCILLME_FSOTT
FvingoDey/5a/D5PCode_Ad/MO/LE/MC_PSOTE
FiingoDey/5a/D5PCode_Adv/MO/LE/MC_Marl
FeirgoDeyfSa/D5PCode_AdvIMOILEME_Mar2
fvingoDey/sa/DSPCode_Adv/MGILCMC_Mir

FvingnDey/5a/DSPCode_Ad/NE/LVDT/NE_MASTER
FvingoDey/5a/DSPCode_Adv/NE /LVDT/NE_LVDT
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fvirgnOev/Sa/D5PCode_Adw/85/LVDT/BS_BR_LWVDT_Demod
fvirgnDew/'Sa/D5PCoge_Adw/B5/LVDT/BS_LVDT_HEZ
fvirgoDew/sa/DSPCoce_Adv/BS ADcs/BS wADC Demaod

/vignDev/Sa/D5PC0de_Adv/as/Aocs/B5_Acc_Demod
/vignOew/Sa/DSPC0de_Adw/B5/LVDT/BS_VLVDT

/vignDew/sa/DSPO0ge_Adv/as/LVDT/ES_F7_LVDT_Demod

fvirgnDes/'sa/D5PCoce_Adw/IB/ LVDTE_BR_LVDT_Demod
/virgnDey/5a/DEPCode_Adv/IS/LVDT/IE_LVDT_Demod
fvirgoDev/Sa/05PCode_Adv/IB/AcsIE_vacr Demod

fvirgoDes/sa/D5PCooe_Adw1B/ Accs/IE_acc_Demod

fvirgnbev/Sa/D5PC0de_Adw/MC/LVDT/MC_BR_LVOT_Demed
virgnDew/Sa/DSPCode_Adu/MC/LVDT/ME_LVDT_Demod
virgnDew/Sa/DSPCode_Adv/WiC/ Ancs/MC_vacs_Demad

virgnDev/5a/D5PCode_Adv/MC/ Aocs/MC_ics_Demod

/vignDev/Sa/D5PC0de_Adv/NE/LVDT/NE_BR_LVDT_Demod
fvignDev/Sa/D5PC0de_Adv/NE/LVDT/NE_LVDT Demad
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