DAMPING CONTROL
NOISE REDUCTION in KA RA

GWADW 2024 @Hamilton Island

Damping control noise Is a task to be adressed to achieve the
target sinsitivity of KAGRA in low frequency (~ 60 Hz). This poster shows the
method using optimal estimator as one of the solutions to this problem.

@ 01. Introduction

KAGRA’s mirror is suspended by the pendulum.
e.g.) cryogenic payload for main mirrors

* Damping control noise of the suspension is a big
problem in low frequency region (~ 60 Hz)
when we aim for our target sensitivity

* This noise comes from our reflective photosensor, N, g Frequency [Hz]
whose mech. & noise level are shown in (Fig3).

@: 02. Solutions
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Frequency [HZz]

y: sensor output L: estimator feedback gain

> System A: state matrix
{56 = Ax + Bu B input matrix
y =Cx . C: output matrix
> Coordinate transformation
X = (I)q (@ is calculated from stiffness & mass matrix)

Controller
(Modal damping)
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. ¢ L how the estimation
deS|gn O Ly | error evolves

reduces the sensor noise transmission

LQR : automatically find an optlilmal feedback - no control

: minimize the noise transmitted to TM : - current control
> Cost function - - modal control

® . . we want to select weights in freq. domain 4! A2 |  +stateestimator|
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¥ applying Parseval’s theorem Filtering | X = ExX +F.x
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i “‘"_"‘*[r;°;“s‘r”‘;;‘°i°°‘°‘ﬁlm 2[4 o] » Simulation result is good, so this is one
- f (27Qz + uTRu + 22TNw)de | |0 676 lcgﬂx . o candidate for the improvement.
° e el U - Choice of the weight may be a problem
» L_ is calculated by “1qr(sys,Q,R,N)” Oice O € Weig ay be a prooiem.
in MATLAB (solving ARE: PA+ A'P — (PB + N)R"Y(PB + N)"+Q = 0) e Sensor update should also be considered.
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