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A compact low-frequency isolator for large cryogenic mirror

SIDER, Ameer (PhD student)
COLLETTE, Christophe (promotor)

Precision Mechatronics Laboratory (PML)
Université de Liege
B-4000 Liege, Belgium

VAVAVAVAVAVAVAY

1HHILCTIITYy

19.10.2022 G
Eureglo Meuse-Rhine Eurorean union

European Regional Development Fund




E-TEST: New GW lsolator

ET Superattenuator tob filter
X ) p
: %ﬁ —5 | inverted pendulum
k_IPP/2 k_IPP/2
g)} 2.6m él\g
GF_1
5m standard ﬂlter<
m_ST1
2.6m bottom filter.

E-TEST Appraoch B
G2 outer shield (80 K)

I GF0 | e |
4 %-F Y [200kg ||[m_s72]
300kg| || m_IPP platform\>L
~7 NCIPR2 kIRl NS m_IPL P m_IPL , ™
94 w8 | R L N
[ ) GF_3 \\ heat

et 1] ink
L am m 573
I

2.6m duct shield (80 K) T WB d

1.8m GF_4
GF_3

main laser

(20K)
=
k_mg 2 bk |} e shield (8 K)

wide angle baffle

| ]

1Z2m
1.6m O
m_IPLl GF 4 .m_IPL k_

| e |
200kg ||| m_5T4

1.6m

AN

2.6m AP: Active Control Platform Geophone
[m_cP- 200k ] GF: Anti-Geometric Spring Filter (b) :

im GF 6 IPL: Inverted Pendulum Leg

[ e | IPP: Inverted Pendulum Platform

i SR ST: Standard Stage
kpyz 1 K IP 0.7m CP:Cold Platform

1/2
— IM:Intermediate Mass ’
g 150kg Aﬁemr Mir: Mirror Stage 1
| T AP=500kg | 0.7m k: Stiffness
- m: Mass
Y ; %k_AP{z k AP/2 Actuator 150kg TRL" e ' ' Us
= | S| e Euregio Meuse-Rhine Actuator Stage 0
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E-TEST: New GW Isolator

ET Superattenuator

GF_0

5m

Y

E-TEST Appraoch

A

12m

Y

GF_0

I

300kg]

m_IPP |

" MI -
B,

IPF/2
1.8m|
i
EDﬂkg

g}
1.8m
.

1.8m

1.8m

1.8m

4

GF_ 1
ol

[ m_cr=200kg ]

k_IPpi2f NS
X
T

im

120kg[ m IM
kip/2 1 k_IPL/2
O\‘? 150k O Sensor
g
AN &.

m_AP=500kg

| %k_APfZ

k_AP/2

Actuator

I

i
300kg ||| m_IPP ]

VA=
.

2.6m

IPF/2 k_IPP/2 é\g

AP: Active Control Platform

GF: Anti-Geometric Spring Filter
IPL: Inverted Pendulum Leg

IPP: Inverted Pendulum Platform
ST: Standard Stage

CP:Cold Platform
IM:Intermediate Mass

Mir: Mirror

k: Stiffness

m: Mass

T Tt - | ES | ERSR S Tenooay

E-TEST isolator aims to:

Improve low seismic noise isolation.

« obtain more compact isolator than
ET Superattenuator.
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Transmissibility of ET Superattenuator & E-TEST Isolator

E-TEST Isolator

aCh IEVES Horizontal Vertical
Superattenuator _ | |
with less 5m of : A //\ \ “
; 10° k 1 10° — =N\
helght | \—d o
- A \ ‘
E E
é 10'5 - _ é 10-5 -
(] (0]
S g i
= s E-TEST-11m (Control off) = [ E-TEST-11m (Control off)
g | s E-TEST-11m (Control on) g | === E-TEST-11m (Control on)
10 | Superattenuator 17m 0 Superattenuator-17m
1010 F 1 1010 |
107" e 1071 e B
1072 107 10° 10" 1072 107" 10°
Frequency (Hz) Frequency (Hz)
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E-TEST Prototype for proof of principle

https://www.etest-emr.eu/

Features of E-TEST Project: ——
« Suspended heavy mass (100 kg, 300mm X 300m). F! o !TGA‘sféZ:me,’;'imf;;’;?g
NG
3

"300kg ||[ m_1rP IPL: Inverted Pendulum Leg
= IPP: Inverted Pendulum Platform

Mar: Marionette
CP:Cryostat+Cold Platform

At cryogenic temperature (20K). O

0.6m Mir: Mirror
e . k: Stiffness
 Radiative cooling strategy (no contact). e mMes
 Developing cryogenic sensors and electronics. wan
 Operation of the laser and optics at 2 microns. —— . m_IPL=12Kg
 Developing isolation system — concern of this
1

presentation.

O Sensor

N
m_AP=1800kg |
k_AP/2
kAP/2 AP Actuator

19.10.2022 3 iierrey

- Einstein Telescope i -Rhi
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Schematic Diagram

P

Abbreviation:

AP: Active Inertial Platform
GAS: Geometric Anti-Spring
IPL: Inverted Pendulum Leg

300kg ||| m_ipP
v
o I _IPP_Mar
0.6m
| m_Mar= 150kg |
[_Mar_CP
1.3m
m_CcP
400kg
m_IPL=12Kg
[_IPL=2.8m

IPP: Inverted Pendulum Platform
\O/ Mar: Marionette

CP:Cryostat+Cold Platform

Mir: Mirror

k: Stiffness

m: Mass

CW: Counter Weight

m_IPL=12Kg
I_IPL=2.8m

O Sensor

m_AP=1800kg

AN |

O
AN
; %’LAPH k AF/2 rdctuator

19.10.2022

E-TEST Prototype

Simscape Model to obtain system dynamics

Inertial Sensor

= nterrey
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Extracting mode shape

wlx

19.10.2022

Simscape Model Mir
15 @ 0.7563 Hz 0.12 %

z

-

Simscape Model Mir
16 @ 0.7564 Hz 0.12 %

- o v

3
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Active Inertial Platform
Sandwich structure to maintain first flexible mode above 300hz

A: Modal

Total Deformation 7

Type: Total Deformation A: Modal

Frequency: 320,99 Hz Total Deformation 7

Unit: m Type: Total Deformation AL R

25/04/2022 08:51 Freguencyz 320,99 Hz e il ey

Unit: m
0.059812 Max 25/04/2022 08:51
0,053171 0,059812 Max
0,04653 0,053171
0,039889 gg:g;;g
0,033248 0,033248
0,026607 0026607
0,019965 0,019965
0,013324 0,013324
0,0066833 0,0066833
4,2152e-5 Min 4,2152e-5 Min
X A: Modal
?;:rlol;l::ormation 7 Total Deformation 7 _
. Type: Total Deformation

Type: Total Deformation Frequency: 320,99 Hz

Frequency: 320,99 Hz Ui

Unit: m 25/04/2022 08:48

25/04/2022 08:50

0,059812 Max

0,059812 Max 0,053171
0,053171 g,g:g;;g
003659 0,033248
0,032889 0,026607
0,033248 0,019965
0,026607 0,013324
0,019965 0,0066833
0,013324 4,2152e-5 Min
0,0066833
4,2152e-5 Min
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Sensors & Actuators 4SOP“03' L
] ensors —_ ==
(vacuum compatible ) |

4 Voice coil /

actuators

Temperature

6 Cryogenic inertial Sensors
Sensors

6 Inertial
sSensors

6 voice coil
Actuators

6 BOSEMs
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Classical Control

300kg ||| m_1pP

Abbreviation:

AP: Active Inertial Platform
GAS: Geometric Anti-Spring
IPL: Inverted Pendulum Leg

&

|_IPP_Mar
0.6m

m_Mar= 150kg |

I_Mar_CP

\()7 IPP: Inverted Pendulum Platform

Mar: Marionette
CP:Cryostat+Cold Platform
Mir: Mirror

k: Stiffness

m: Mass

CW: Counter Weight

1.3m
m_CP
400kg
m_IPL=12Kg m_IPL=12Kg
I_IPL=2.8m I_IPL=2.8m
O O Sensor
2N N
| m_AP=1800kg |
k_AP/2 k_AP/2
; % AR/ AR/ Actuator
19.10.2022 3

= AE-TEST

Actuator_AP_Jac.

Controllers are designed
based on loop shaping;
lead-lag compensator

AP damping

IPP damping

Sensor_AP_Jac.

nterrey 10
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Amplitude (m/m)

Amplitude (rad/rad)

Transmissibility mirror/ground

Transfert Function Mirror/Ground (x-axis) Transfert Function Mirror / Ground (y-axis) Transfert Function Mirror / Ground (z-axis)
E E
/ E f E
() ()
° °
-5 3 -5 ‘E 51 4
10 = 10 = 10
£ £
C | off = m== Control off < === Control off
ontrol g . . === Control on: AP damping
=== Control on: AP damping === Control on: AP damping . i i .
S . L A Control on: AP damping-isolation
10 Control on: AP damping-isolation 10 Control on: AP damping-isolation 10
10° ‘ ‘ 10° ' ' 10° . .
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! £ g
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\ o ‘ ©
‘ [}] [}]
o o
10° | 1 2 1077 1 2 10°+ \l 1
r‘\Lr i E‘ R E‘ )
=== Control off < === Control off < === Control off
=== Control on: AP damping === Control on: AP damping === Control on: AP damping
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Amplitude (m/m)

Amplitude (rad/rad)

10°

107

10710

100_

107

1040

107 102 10° 102

Transmissibility mirror/ground

Transfert Function Mirror/Ground (x-axis)

— N

=== Control off
=== Control on: AP damping
Control on: AP damping-islolation

107 102 10° 102
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Transfert Function Mirror / Ground (xr-axis)

TN, lﬁ

=== Control off
=== Control on: AP damping
Control on: AP damping-isolation
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Amplitude (rad/rad)
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1040
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B 1

=== Control off
=== Control on: AP damping
Control on: AP damping-isolation
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100_

A,

1075

1040

Frequency (Hz)

Transfert Function Mirror / Ground (yr-axis)

R
=== Control off
=== Control on: AP damping
Control on: AP damping-isolation
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Frequency (Hz)

Inertial sensor response
for horizontal motion

Inertial sensor response
for rotational motion

3
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Challenging issues !!
Most welcome for collaboration

How our model is close to the experimental result & what are the tools to
tune the parameters?
How to reduce tilt inertial sensor coupling?

How much the inverted pendulum can reduce the control performance?

How to apply the decoupling strategy experimentally?

What other control strategies can be applied?

19.10.2022 =" HILCIrey e
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Conclusion

Done: E-TEST prototype inside the vacuum chamber
« Dynamic model is obtained.

* Mode shape Is obtained.

* First control strategy is applied (simulation).

« CAD design is finished (procurement process start

Next:
« Apply another control strategy.

« Assemble the system.

* Experimental work.

19.10.2022 ’. \ il Ilﬂ[ley
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19.10.2022

Thank you
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