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Introduction: VIS Suspensions

Type B

Type A

Type BpType C

Signal Recycling 
Mirrors
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Introduction:VIS Suspensions
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● SR2.

● SR3.

● SRM.

Top Filter (TF)
Filter0 (F0)

Inverted Pendulum (IP)

Pre-Isolator

Standard Filter (SF)

Bottom Filter (BF)

Intermediate Recoil Mass (IRM)

Intermediate Mass (IM)

Recoil Mass (RM)

Optics (SR)

Payload 

GAS Filter 
chain 

3.1 m

Magnetic Damper (MD)

SR Stages
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Status of assembly
SR3 SR2 SRM

Installed. Assembled. Assembled.
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Assembly in frame

Install suspension into vacuum tank.

Check mechanical status with TFs

Characterization
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Simulated and measured TFs
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SR2: Measured TF of GAS filters (Vertical) in the assembly frame
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SR2: Measured TF of L, P, R, T, V and Y of the IM in the assembly frame
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SR3 installated
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SR3: Measured TF of GAS filters (Vertical) in the tank
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SR3: Measured TF of L, P, R, T, V and Y of the IM in the tank
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Assembly in frame

Install suspension into vacuum tank.

Check mechanical status with TFs

Characterization
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Eigenmodes identification using 
SUMCON

And more...
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Requirements

The alignment of the optic has to be 
recovered soon enough. 

Decay time < 60 [s]  
for all the modes.

Eigen-mode # 1 (torsion of the whole 
suspension)
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Damping of the Torsion mode

Change distance between 
MD ring and SF to tune the 
damping for this mode

Measure motion of the 
mirror with the optical 
lever.

Adjust the height of the 
MD by lifting the rods.
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Damping of the Torsion mode

This is only the first mode, so we still have a long 
eigenmode list to check...

Decay time <60[s]

Freq. Simulation: 
0.0542 [Hz]

Freq. Measured: 
0.0555 [Hz]
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Diagonalization Characterization

To reduce the cross-coupling 
between different DoF.
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SR Preisolator (PI) 
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IP Sensor / Actuator diagonalization

First approximation:
LVDT Sensors and actuators 
of Inverted pendulum (IP)
at the same position.

In reality:
Compare CAD model with 
the measured position.
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IP Sensor / Actuator diagonalization

For the sensing matrix the position of the sensor is used. 
We assume that the sensing is accurate there.

Actuator Sensor

Top view
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Useful gap for 
diagonalization.. .

.

. .

.
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IP Sensor / Actuator diagonalization

Inject a sinusoidal signal 
at a single frequency in 
the 'safety band' in each 
of the actuator coils.

Measure the motion of 
the inverted pendulum 
stage in L, T and Y using 
the sensing matrix.

Get the coefficients for L, T and 
Y from the force applied at 
each of the coils and write 
down the TF matrix.
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IP Sensor / Actuator diagonalization

Then, by taking the inverse of the TF matrix, and if necessary, 
converting the units, we complete the diagonalization of the 
system. And we use this last matrix as the new coil matrix.
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Measured TF of Longitudinal, Transverse and Yaw of the SR3 IP

This first diagonalization reduces the coupling to other DoF, 
but is not sufficient. It must be improved.
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Measured TF of Longitudinal, Transverse and Yaw of the SR3 IP
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Future work

● Install Length sensing 
oplev.

● Adjust height of MD ring of 
SR2.

● Take TF of the top stage to 
check health status of the 
suspension.

● Install SR2 inside the tank.

● Continue assembly of SRM.

Hardware: Software:

● Improve diagonalization of 
the PI and include 
Geophone signals.

● Identification of other 
modes of SR3 and 
implement damping filters.

● Measure decay time of all 
the modes.

● Measure RMS of velocity 
and angular fluctuation of 
the mirror .

● Characterization of SR2 and 
SRM.
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Thank you!
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