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INTRODUCTION aLIGO

. Projet LIGO

- Laser Interferometer Gravitational-Wave Observatory

- 2 interférometres de 4km de longueur de bras

Credit : K. Thorne (Caltech), T. Carnahan (NASA GSFC)

A. FERNANDEZ GALIANA
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alLIGO INTRODUCTION

- ISOLEMENT SISMIQUE A aLLIGO

. 3

A. FERNANDEZ GALIANA

CONCEPTION DE L'ISOLEMENT MECANIQUE

VOPO

Chambres sous vide (gauche) et modele
CAD d’une des suspensions (droite)
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CONCEPTION DE LA SUSPENSION

- SUSPENSIONS A aLLIGO

Lames de
ressort
oA B <
&=
'z, =
\\ . 8 zﬂb
Cables =
X Etages 52
- =p
=
Lj =
o™
RN <
& |
T~ Table =
\\ . Z
optique S
E.
(Etage X+1) 2
O o
Z
oNe)
_ o5

Structure
(Etage 0)

Op



CONCEPTION DE LA SUSPENSION

- PREMIERS CONCEPTS - Réutilisation d’'une

suspension existante
* Suspension a 2 étages

- Simple conception
(Suspension existante)

- Possibilite d’'utiliser
structure libre

A. FERNANDEZ GALIANA

- Suspension
surdimensionnée
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. Stage 0 - Besoin de table optique
+ Stage 2 plus grande




CONCEPTION DE LA SUSPENSION

- PREMIERS CONCEPTS - Premieres conceptions de
la suspension mono étage

pour VOPO

- Structure élancé ->
ameélioration basse
fréquence

A. FERNANDEZ GALIANA

- Suppression des
soudures

- Possibilité d’adapter les
dimensions aux besoins
particuliers
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CONCEPTION DE LA SUSPENSION

- PREMIERS CONCEPTS

I have not failed, Wy
I've just found o
10,000 ways

that won't work. & 787

METHODOLOGIE POUR
mm UNE SUSPENSION
MONO ETAGE

A. FERNANDEZ GALIANA

ETUDE DU CONTACT
DES LAMES

VALIDATION DU OPTIMISATION DE LA
LOGICIEL SW B  TABLE OPTIQUE
SIMULATION

o
)
@
=
Z,
<
&)
=
=
Pt
=
Z,
=
=
=
=
=
@)
n
=
3
o
&
Z,
@)
—
-
ol
2
&)
Z
Q
o

VOPO

CONCEPTION DE LA
SUSPENSION VOPO




VNVI'TVO ZHANVNYHA 'V OdOA

HABINVOAIN INIINATOSL'T Hd NOLLdIONOD

- APERCU DE LA SUSPENSION DU VOPO

CONCEPTION DE LA SUSPENSION




CONCEPTION DE LA SUSPENSION

- METHODOLOGIE SUSPENSION MONO ETAGE

NIVEAU f<1.5Hz
DHISIOIEAUNEONT »« Amortissement des
modes rigides

ESPACE * Hauteur du faisceau
PHYSIQUE * Chambre

* Disposition
préliminaire
*Masse
* Surface

OPTIQUES

SITUATION DANS
LA CHAMBRE

. J

PREMIER G DU
POIDS

* DISPOSITION
PRELIMINAIRE

BILAN MASSIQUE
REEL

. J

 CONCEPTION
PRELIMINAIRE
DES LAMES

*THEORIE
*FEA

DISPOSITION DES
CHAMBRES

. J

CONCEPTION DES
CABLES

MODEL 3D DE LA
DISPOSITION DES
OPTIQUES

ACTUATEURS

&

 CONCEPTION DE
LA TABLE OPTIQUE
ET EQUILIBRAGE

*OPTIMISATION

POSITIONNEMENT

DES LAMES

&

Vs

CONCEPTION DU
PLATEAU

PROCEDURE
D’ASSEMBLAGE

POSTE DES LAMES

*ANALYSE DU
CONTACT

ELEMENTS
ADDITIONNELS

A. FERNANDEZ GALIANA
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SITUATION IN REAL MASS X
THE CHAMBER BUDGET ACTUATORS
- < = J L J
) ( 3 ( -\
INJECTION

(MASS BUDGET

ESTIMATION CHAMBERS BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
Layour - OPTIMIZATION
|- 7 |- 7 |- 7
SITUATION DANS LA CHAMBRE e | 1 [ ) )
° CAD MODEL OF n
g%g%él\NﬂNARY THE OPTICAL BASE PLATE P%%Sé&é\;l)%g}a
- THEORY LAYOUT
Nk, 7 |- 7 |- 7 7
FLEXURE LOCATION OF PLATFORM - Y
DESIGN THE BLADES - coNTACT LOCKERSS
ANALYSIS SSEMBL
\ J \ J G ) BRACKETS )
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CONCEPTION

GRN trans and

CLF

- PREMIER G DU POIDS

GRN trans and CLF

to in-air table
GRN refl (PDH)
to in-air tal

toin-air table
GRN refl (PDH)
toin-air ta

FC REFL
to IFO

$0Z beam
to IFO

GRN fibre
input

SITUATION IN REAL MASS
THE CHAMBER BUDGET ACTUATORS
( \ s Y r
MASS BUDGET INJECTION
ESTIMATION CHAMBERS’ BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
Layour + OPTIMIZATION
J | . 7 |-
(BLADES ) (
PRELIMINARY CAD MODEL OF ASSEMBLY
DESIGN THE OPTICAL BASE PLATE
ESI S oUT PROCEDURE
+ THEORY
Nk,
(BLADE MOTION
FLEXURE LOCATION OF PLATFORM N TERss
DESIGN THE BLADES + CONTACT
CONTACT, ASSEMBLY
’ BRACKETS

- Optiques: 12 kg
- Table: 18 kg
. Contrepoids: 6kg

.

MASSE SUSPENDUE: 36 kg

DISPOSITION PRELIMINAIRE POUR O2 (gauche) and O3 (droite)

A. FERNANDEZ GALIANA
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CONCEPTION

- CONCEPTION PRELIMINAIRE DES LAMES

- Contraintes:
- Niveau de contrainte: > 33.3% (FoS > 3)

- Premiere fréquence: f~ 1.5 Hz

- Matériel: 440C SSTL

- Fabriquée plate

SITUATION IN

REAL MASS

THE CHAMBER BUDGET ACTUATORS
MASS BUDGET INJECTION
ESTIMATION CHAMBERS’ BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
YOUT + OPTIMIZATION
"BLADES
PRELIMINARY CAD MODEL OF ASSEMBLY
DESIGN THE OPTICAL BASE PLATE PROCEDURE
- THEORY LAYOUT
BLADE MOTION
FLEXURE LOCATION OF PLATFORM LIMITERSS
DESIGN THE BLADES + CONTACT ASSEMBLY
ANALYSIS
BRACKETS

A. FERNANDEZ GALIANA
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SITUATION IN REAL MASS
THE CHAMBER BUDGET ACTUATORS
~ - - J . J
) { "\ ~

(MASS BUDGET (INJECTION
ESTIMATION CHAMBERS' BENCH DESIGN
. Eg%%iTINARY LAYOUT &(ﬁﬁ{ﬁiﬁ{gf
- CONCEPTION PRELIMINAIRE DES LAMES B () [ (o)
 moRy LAYOUT PROCEDURE
; ) ( ) (BLADE MOTION
i i { ioas: ]
L J L ) L ANALYSIS ) BRACKETS
- Paramétres de la conception: b
Width and Height as fonction of FoS for Lenght =280mm, f =1.5Hz and m =36kg g ﬂ
- Largeur de la lame: a 2 | ‘ | ‘ | | ' ' ‘ 200 z 3
SR®)
* Longueur de la lame: 1 180 =i
. a
. . =
Epaisseur de la lame: h . 2 2z
140 g [
£ £ B <
IS 120 € =
. . . . £ £ =
- Equations Bernoulli (pour lames triangulaires): £ S a
Eah3 :(I]:_) 100 g %
c Kzz = =
413 80 E
So
1 |Kyy, >
- f=— |==15Hz =
f 2w\ m 60 8 g
6Pl

40

Omax = ah?

20
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SITUATION IN REAL MASS
THE CHAMBER BUDGET ACTUATORS
- J . J L )
) { "\ ~

(MASS BUDGET (INJECTION
ESTIMATION CHAMBERS' BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
LAYOUT + OPTIMIZATION
|- 7
6 s \ s N s N
¢ PRELIMINARY CFiE OPTICAL, BASE PLATE ASSEMBLY
DESIGN
DESIGN S oUT PROCEDURE

FLEXURE LOCATION OF PLATFORM
LOCKERS<
DESIGN THE BLADES - CONTACT ASSEMBLY

BRACKETS

- Analyse par éléments finis e | [ []

C’
ANALYSIS

A. FERNANDEZ GALIANA

 FEA BLADE
SW ANSYS | Difference %| THEORY | Error
Stress (MPa) 545.9 549.67 0.686 527.60 4.016
Displacement (mm) | 85.87 85.21 0.775
FoS 3.30 3.27 3.41
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SITUATION IN REAL MASS
‘ O ‘ \ ‘ ‘ E I)I I I I O ‘ \ | THE CHAMBER BUDGET ACTUATORS
MASS BUDGET INJECTION
ESTIMATION CHAMBERS’ BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
Layour - OPTIMIZATION
BLADES
PRELIMINARY CAD MODEL OF
¢ C O N C E :[ I IO I J D E S CABL E E ; DESIGN THE OPTLCAL BASE PLATE PROCEDURE
- THEORY
BLADE MOTION
FLEXURE LOCATION OF PLATFORM Eg/g}'gggg:
DESIGN THE BLADES + CONTACT ASSEMBLY
ANALYSIS BRACKETS
- f<1.5 Hz A 4

- Parametres:
- FoS > 33.3% (FoS > 3) 1 =130mm

+-d=0.61 mm

- CONTRAINTE
T D? PS

Tmax _

A. FERNANDEZ GALIANA

Section =

Section [,

P
(0) = — 2 2 2
norm Section Ocq = \/O-norm + Opend +3 Tmax
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D (0}
_ PZMP6 Fos = ¥

Obend max = Il Oeq
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SITUATION IN REAL MASS
THE CHAMBER BUDGET ACTUATORS
~ - - J . J
) { "\ ~

(MASS BUDGET (INJECTION
ESTIMATION CHAMBERS' BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
LAYOUT + OPTIMIZATION
|- 7 |- 7 |- 7
VBLADES ) { ) { )
CAD MODEL OF
¢ CONCEPTION D ES CABLES DRgron ASSEMBLY
THE OPTICAL BASE PLATE
DF‘,SI,GN LAYOUT PROCEDURE
+ THEORY
Nk, 7 |- 7 |- 7
( ) (BLADE MOTION
FLEXURE LOCATION OF PLATFORM LIMITERSS
DESIGN THE BLADES -+ CONTACT ASSEMBLY
ANALYSIS P -
L ) L ) BRACKETS

A. FERNANDEZ GALIANA
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Attaches du cable aux extrémités Attaches du cable ‘a la table



CONCEPTION

SITUATION IN

REAL MASS

- POSITIONNEMENT DES LAMES

THE CHAMBER BUDGET ACTUATORS
MASS BUDGET INJECTION
ESTIMATION CHAMBERS’ BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
YouT - OPTIMIZATION
BLADES
PRELIMINARY CAD MODEL OF
DESIGN THE OPTICAL BASE PLATE P%SOSCE]{:V]IJ%RKE
. THEORY LAYOUT
BLADE MOTION
FLEXURE LOCATION OF PLATFORM LIMITERSS
DESIGN THE BLADES + CONTACT ASSEMBLY
ANALYSIS
BRACKETS

A. FERNANDEZ GALIANA
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SITUATION IN REAL MASS
THE CHAMBER BUDGET ACTUATORS
~ 7 . J L J
) 'd ~\ ~

(MASS BUDGET (INJECTION
ESTIMATION CHAMBERS BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
LAYOUT + OPTIMIZATION
. J . J .
r N ' 2 's N
BLADES
- MODEL 3D DE LA DISPOSITION DES OPTIQUES  [Hfine | [comer :
DESIGN THE OPTICAL BASE PLATE g
L. THEORY LaYOUT L J

( ) ( h (BLADE MOTION
FLEXURE LOCATION OF PLATFORM LIMITERSS
DESIGN THE BLADES + CONTACT ASSEMBLY
ANALYSIS pt -
L J U ) BRACKETS

A. FERNANDEZ GALIANA
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SITUATION IN REAL MASS .

THE CHAMBER BUDGET ACTUATORS
~ - - J . J
~ v . ~

(MASS BUDGET (INJECTION
ESTIMATION CHAMBERS’ BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
LAYOUT + OPTIMIZATION
|- 7 |- 7
VBLADES ) { ) { ) )
PRELIMINARY CAD MODEL OF .
@ D I S P O S ITI O N D E S C HAM BR E S DESIGN THE OPTICAL BASE PLATE PROCEDURE
 EHEORY LAYOUT
Nk, |- 7 |- 7 7
{ ) { ) VBI‘ADE ) MOTION )
FLEXURE LOCATION OF PLATFORM LIMITERSS
DESIGN THE BLADES + CONTACT ASSEMBLY
ANALYSIS g -
L ) L ) L ) BRACKETS |

/

o,
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A. FERNANDEZ GALIANA
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CONCEPTION

- BILAN MASSIQUE REEL
MASS BUDGET

ELEMENT

TYPE pm

OPTICS MIRROR

OPTICS MIRROR

OPTICS MIRROR

OPTICS MIRROR I1
OPTICS MIRROR 111
OPTICS LENS

OPTICS BEAM DUMP
OPTICS QPD

OPTICS POLARIZER
OPTICS WAVE PLATE
OPTICS RFPD in Vacuum
OPTICS FIBER IN

OPTICS FARADAY ROTATOR
OPTICS VOPO CAVITY
SUSPENSION INJECTION BENCH
SUSPENSION LIMITERS & CLAMPS
MASS BALANCE MASS 1
MASS BALANCE MASS 2
MASS BALANCE MASS 3
MASS SCREWS

OPTICS

SUSPENSION

MASS

TOTAL WEIGHT

Mass to 36 kg

Description

With Beam Dump

With Beam Dump 2
Without Beam Dump

1in Lens Mount

Lens Sigle Base

Desc 2

Without One Black Glass
QPD

Polarizer (Mirror Mount)
Wave Plate

4" RFPD

Mirror Mount
Aluminum Base
D1500296

Injection Bench

Magnet, motion limiter-...
Lateral

Lateral Removable

On Bench

On Bench

Unit Weight | Quantity | Total mass
03 = O3(9)

205.87 4 823.48
207.55 4 830.20
192.90 4 771.60
12138 0 0.00
97.07 0 0.00
12138 9 1092.38
156.83 5 784.15
142.98 3 428.94
203.05 4 812.19
299.69 2 599.38
270.41 2 540.82
252,01 2 504.02
170.43 1 170.43
3289.00 1 3289.00
18000.00 1 18000.00
0.00 1 0.00
1857.36 0 0.00
1391.65 0 0.00
2631.72 0 0.00
174.88 0 0.00

I 10.647 kg
L 18.000 | kg

0.000 kg

28.647 kg
7.35 kg

Quantity O2

O © O O P P B B N O F A N N ® O O O B N

Mass Checked?

Total mass
02(g)

411.74 YES
207.55 YES
1157.40 YES
0.00 YES
0.00 YES
971.00 YES
313.66 YES
285.96 YES
812.19 YES
299.69 YES
0.00 YES
504.02 YES
170.43 YES
3289.00 YES
18000 NO
0 NO
0.00 NO
0.00 NO
0.00 NO
0.00 NO

I 843 ke
[ 18000 ke

0.000 kg

26.423 kg
958 kg

SITUATION IN REAL MASS
THE CHAMBER BUDGET ACTUATORS
MASS BUDGET INJECTION
ESTIMATION CHAMBERS’ BENCH DESIGN
+ PRELIMINARY LAYOUT & BALANCING
YouT - OPTIMIZATION
BLADES
PRELIMINARY CAD MODEL OF
DESIGN THE OPTICAL BASE PLATE P%SOSCE%%RKE
. THEORY LAYOUT
BLADE MOTION
FLEXURE LOCATION OF PLATFORM LIMITERSS
DESIGN THE BLADES - CONTACT ASSEMBLY
ANALYSIS
BRACKETS

A. FERNANDEZ GALIANA
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SITUATION IN REAL MASS
THE CHAMBER BUDGET ACTUATORS
- J . J L )
B { "\ ~

(MASS BUDGET (INJECTION
ESTIMATION CHAMBERS' BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
LAYOUT + OPTIMIZATION
|- 7 |- 7 |- 7
VBLADES ) { ) { )
CAD MODEL OF .
e ACTUAT EURS DESIGN THE OPTICAL BASE PLATE PROCEDURE
+ THEORY LAYOUT
Nk, 7 |- 7 |- 7
( T | (Brace ] LIMITERS<
FLEXURE LOCATION OF PLATFORM AMITE
DESIGN THE BLADES - CONTACT KRS
ANALYSIS g -
L ) L ) L ) BRACKETS
E
Photodiode <
e
S
N
(e—
AddA Magnet o
Photodiode 0 > <ZC
Coll Actuator 1 o<
Connector LED —_ ;
: g — Vertical .
O\ <

Flexi-circuit | Optic

LED‘ ’ axis

Actuateur magnétique avec systeme de détection optique
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P I l ] r l ‘ l I I SITUATION IN REAL MASS
C O C P O THE CHAMBER BUDGET ACTUATORS
(MASS BUDGET | f ) 'INJECTION |
ESTIMATION CHAMBERS’ BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
Layour | | |- OPTIMIZATION
(s \ - \ - \
PRELIMINARY CAD MODEL OF
° CONC EPTION D E LA TA.BLE OPTIQUE ET DESIGN THE OPTICAL BASE PLATE PR
oy LAYOUT
E Q U I LI B RAG E ( ) ( ) (BLADE ) s
FLEXURE LOCATION OF PLATFORM LIMITERSS
DESIGN THE BLADES + CONTACT ASSEMBLY
ANALYSIS
) BRACKETS

- Fréquence résonance élevée

- Centre de gravite

Bench Mass
& CoG

Bench Dummy

A. FERNANDEZ GALIANA

Mass

Optimization Placement
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Mass
distribution




VOPO SUSPENSION D.

- CONCEPTION DU PLATEAU

SITUATION IN REAL MASS .
THE CHAMBER BUDGET ACTUATORS
|- 7 |- 7 |- 7
(. ) { ) (.
MASS BUDGET INJECTION
ESTIMATION CHAMBERS' BENCH DESIGN
+ PRELIMINARY LAYOUT & BALANCING
+ OPTIMIZATION
|- 7 |- 7 |-
(BLADES ( ) f )
PRELIMINARY CAD MODEL OF o
DESIGN THE OPTICAL BASE PLATE P‘?{%Séé\;l)%g}a
+ THEORY LAYOUT
J L J . )
f ) ( ) (BLADE ) MOTION
FLEXURE LOCATION OF PLATFORM Lg‘ggggg:
DESIGN THE BLADES + CONTACT ASSEMBLY
ANALYSIS g -
\ J \ J G ) BRACKETS

A. FERNANDEZ GALIANA
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SITUATION IN REAL MASS
O ‘-\ ‘ C I i : P, I ‘ I O ‘-\ | THE CHAMBER BUDGET ACTUATORS
MASS BUDGET INJECTION
ESTIMATION CHAMBERS’ BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
YOUT + OPTIMIZATION
BLADES
PRELIMINARY CAD MODEL OF
¢ P O S T E D E S LAM E S DESIGN THE OPTICAL BASE PLATE PROCEDURE
 IHEORY LAYOUT
'BLADE MOTION
FLEXURE LOCATION OF PLATFORM LIMITERSS
DESIGN THE BLADES - coNTACT iy
ANALYSIS
BRACKETS

o

Analyse de contact

A. FERNANDEZ GALIANA
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SITUATION IN REAL MASS .
THE CHAMBER BUDGET ACTUATORS
~ - - J . J
~ 's 2 ~

(MASS BUDGET (INJECTION

ESTIMATION CHAMBERS' BENCH DESIGN
- PRELIMINARY LAYOUT & BALANCING
LAYOUT - OPTIMIZATION
|- 7
(BLADES ) ( ) ( )
CAD MODEL OF
° ELEMENTS ADDI I IOIJIJ ELS P AR ASSEMBLY
DESIGN THEA%%%gAL BASE PLATE PROCEDURE
- THEORY

C’
ANALYSIS

* SYSTEME DE VERROUILLAGE | :%%%Agia%gg: “‘M | [ i ]
- SYSTEME DE BUTEE ‘
- ELEMENTS DE TRANSPORT

BRACKETS

- PROCEDURE D’ASSEMBLAGE

A. FERNANDEZ GALIANA
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ANALYSE DU CONTACT

- ANALYSE DU CONTACT

Blade platform angle 52
Z 3
575
53
57 S
= B
56.5 Z 4
=
B2
o 5 = o
~ <)
v =
% 555 35
E =
< 55 -
o A
54.5 z
54 5
=
535 So
THEORY ~ SINGLEBLADE  ANSYS sw 59

Estimation method




ANALYSE DU CONTACT

° A |-\ |AI S? SE D l | CO |-\ | I I |AC' I \ Angle alpha as fonction of preload for 6 bolts oS as fonction of preload for 6 bolts

0.050 3180

0.000

-} 1000 2000

3000 4000 6000 7000 3175

3470
o100
Z o 2 s % <Zﬂ
3 -0.200 X<
= — =
3160
Z 2
33
Ji55 O
— /BN
3a50 Q
o 1000 2000 3000 4000 5000 [ 7000 e Z
0.400
Preload (N) Preload (N} Z <C
[ EEEETT G B Messure - Deformed 57.11 Norm.. —8— ANSYS 54.68° —8—SW 54.77 —8— ANSYS 54.68° —8—SWs 2 Z
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OPTIMISATION DE LA TABLE OPTIQUE

- OPTIMISATION DE LA TABLE OPTIQUE

Design Study Setup

Design Variables

Model name:Injection Bench Assembly to FEA - Copy

Name Type Value Units Study name:Frequency Bench Assembiy Attached g <ZC
Mode Snape -7 Vaiae = 245,81 He P <
A Range with Step Min:1 Max:3 Step:1 in Deformation scale: 0112393 E 3
<
B Range with Step Min:1 Max:3 Step:1 in z:) (@)
AMPRES LTJ N
C Range with Step Min:0.5 Max:2.5 Step:1 in S:301e-001 = g
l 5.960e-001 < Z
D Range with Step Min:0.5 Max:2.5 Step:1 in [ - % <ZC
. . . _ 4.337e-001 2 o'
G Range with Step Min:0.5 Max:2.5 Step:1 in L s E E
3.255e-001 O .
| Range with Step Min:0.5 Max:2.5 Step:1 in ! 27140001 @ <
| 2.173e-001 :J
W Range with Step Min:2.4 Max:4.8 Step:0.8 in | 16320001 =
1.091e-001 A
5.502e-002 Z
Constraints 9.214e-004 9
Sensor name Condition Bounds Units Study name E
€3]
Mass Is lower than Max:18 kg ONe)
Z
SE
Goals
Name Goal Properties Weight Study name
Frequency Maximize Frequency 7 10 Frequency Injection
Assembly
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CONCLUSIONS

- CONTRIBUTIONS DE CE PROJET

- Systeme d’isolation pour I'instrument VOPO

- Méthodologie pour des suspensions mono étage

A. FERNANDEZ GALIANA

- BEtude du contact des lames

- Méthodologie d’optimisation des tables optiques
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CONCLUSIONS

- TACHES A REALISER:

- Controle des modes rigides
- Test des performances

- Assemblage complet

A. FERNANDEZ GALIANA
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