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Requirements
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● BS

● 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)

Mirror (SR)

Payload 

GAS Filter 
Chain 

3.1 m

Magnetic Damper (MD)

Type B 
suspensions
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Type B model in SUMCON
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Type B eigenmodes

And more...
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Type B eigenmodes (Individually)
#1 Wire torsion 

(0.054 Hz)
#2, 3 IP Translation 

(0.063 Hz)
#7 IP Rotation

 (0.31 Hz)
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Cross-coupling on the IP stage

#2, 3 IP Translation 
(0.063 Hz)

#7 IP Rotation 
(0.31 Hz)

Unlike the ideal system, the 
suspensions exhibit cross-coupling 

in their stages. It is necessary to 
decouple the DoFs.
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IP frequency tuning

Add mass on the IP table to get a 
lower resonant frequency.

But first...
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IP sensor/actuator diagonalization

Sensors and actuators of the IP at different positions

Actuator Sensor
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Safety band for diagonalization

Useful gap for 
diagonalization.. .

.

. .

.

Eigenmode list of SRM.
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Measure the motion of the IP stage when injecting a signal at a 
single frequency within the 'safety band' at each coil, using the 
sensing matrix.
Get the TF coefficients for each DoF and compute the TF 
coefficients matrix. Use the inverse of this matrix as the new coil 
matrix.

IP sensor/actuator diagonalization
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Transfer functions of the system

IP stage ZPK fitting to help with the design of active filters.
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Transfer functions of the system

GAS Filter Chain ZPK fitting to help with the design of active filters.
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Transfer functions of the system

IM stage ZPK fitting to help with the design of active filters.
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Transfer functions of the system

Mirror stage ZPK fitting to help with the design of active filters.



 17

          5th KAGRA International Workshop. Perugia, Italy 14.02.2019                                                                            

Damping of the modes stage by stage 

Sensors used at 
each stage and its 
active filter control.



 18

          5th KAGRA International Workshop. Perugia, Italy 14.02.2019                                                                            

Damping of the modes stage by stage 

Control filters for
Calm-down phase.

Control filters for
Lock-acquisition 
phase.
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Damping of the modes stage by stage 

Insert the ZPK 
model obtained 
before in the 
filter bank.

Study of closed-loop 
stability based on the 
open-loop TF using 
'Foton'.
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Damping of the modes stage by stage 

Angular fluctation of SRM.
Pitch: 10.3μrad --> 1.17μrad.
Yaw: 24.4μrad --> 1.18μrad. 

Only IP stage with position 
control on.
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Damping of the modes stage by stage 

Angular fluctation of SRM.
Pitch: 10.3μrad --> 3.3μrad.
Yaw: 24.4μrad --> 0.4μrad. 

IP and IM stage with 
controls on.
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Damping of the torsion mode (#1)

High quality factor. Long decay time.

Torsion mode is passively damped by the 
eddy current damper.

#1 Wire 
torsion 

(0.054 Hz)
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Damping of the torsion mode (#1)

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 (SR3)

Decay time <60[s]

Freq. Simulation: 
0.054 [Hz]

Freq. Measured: 
0.055 [Hz]
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Meeting the requirements

Angular fluctation of SRM.
Pitch: 10.3μrad --> 3.3μrad.
Yaw: 24.4μrad --> 0.4μrad. 

Angular fluctation of SRM.
Pitch: 10.3μrad --> 1.17μrad.
Yaw: 24.4μrad --> 1.18μrad. 

We need to work in the tuning of the controls.

But we have also other urgent problems... 
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Problems: Glitches
Glitches found at ETMY, BS and, later on, SR3.

klog6012

klog6062

Different sources:
HP Coil Drivers, Satellite 
amplifiers, DAC...
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DAC Glitches
Glitches found at ETMY. klog4072

Glitches are a common issue 
in high speed D/A converters.

Some causes:

● Time skew between bits of 
incoming data.

● Major- carry transition of 
bits.

● Timing difference in the 
operation of the switches of 
the internal architecture.
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Splitting real-time model of BS and SRM

SRM RTM
rate: 16K

●IP stage

●GAS filter 
chain

●IM stage

●TM stage

●BIO

 
Sample rate: 2K

Preventive measures:
Splitting and down-sampling 
of the model.

Study other solutions if 
necessary...

 
Sample rate: 2K
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Future Work

● Debug remote switch 
for stepper motor 
drivers.

● Revisit length sensing 
oplev.

● Implement IP stage inertial 
damping (geophone).

● Revisit optical lever and 
GAS filter controls.

● Coupling cancellation 
filters for payload.

● Sort out Guardian for 
Type B suspensions.

Hardware Controls

● IM stage 
diagonalization.

● Include signal from 
Geophones.

Characterization

● Split the models of SR2 and 
SR3 suspensions.

Real time model
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Thank you!
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Extras
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Analog-Digital diagram
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GAS (Geometric anti-spring) filter

(1) Blades.

(2) Blade attachment to the base.

(3) Keystone.

(4) Upper rod supporting the weight to 
the GAS filter and the mass below it.

(5) Lower rod connected to the lower 
stage (It moves the Keystone).

(6) LVDT (it measures the displacement 
of the Keystone).

(7) Coil magnet actuator.

(8) Magic wand (to improve the 
saturation value of isolation)

(9) Fishing rod (to move the Keystone).

(10) Locking system screws.
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IM OSEMs and TM coil actuators

6 OSEMs at the IM stage 
(Sensor and actuator).

4 Coil actuators 
at the Optics stage.
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IM stage and OSEMs

OSEM: Optical Sensor 
and Electro Magnetic actuator.
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