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Status of Type-A suspensions for KAGRA

IS
What is going on? P
-- Mechanical installation R
-- Servo filter implementation
-- Verification of suspension performance :T
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Type-A suspensions?

Type-A SAS

Type-B SAS

Type-Bp SAS

PRM PR2
13.5'm 0

-« e
From IMC

For the test masses,

- Upper 5 stages:
room-temperature

- Lower 4 stages:
cryogenic-temperature
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Type-A suspensions?

INVERTED PENDULUM
(~ 70 mHz)

(GEOMETRIC-ANTI SPRING
(~ 0.4 Hz)
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|
NS, A

Type -A suspenslg s

INVERTED PENDULUM

with 3 horizontal
-- LVDT & actuator units
-- Inertial sensors

W GEOMETRIC-ANTI SPRING
(x ==l with 1 vertical
1oy | LVDT & actuator unit
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Type-A suspensions? (With collaboration of group in Pisa)

BotToM-FILTER DAMPER
with 3 horizontal & 3 vertical LVDT & actuator units
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Type-A suspensions?

13.9 M

Inside cryostat

Outer shield (80 K)

Inner shield (8 K)

Heat inks

Heat-link

VIS \

JGW-P1809347/
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Type-A suspensions?

f Blade Spring \
o<
Platform - — Moving Mass
Marionette —9/
Recoil Mass & __o P'
e Marionette ( %i\eat link
13.9m - Intermediate —— ‘ [ Optical lever ]
Recoil Mass &
Intermediate
& Mass Reflective photo-sensor &
coil-magnet Actuator units
Mirror
Recoil Mass & —
' / Mirror [Optical lever ]
% \_ JGW-P1808219 W,
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Then, mechanical installation status

for O3-observation
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Mechanlcal mstallatlon has done' For aII 4 of them!
| : i~

JGW-G1808307 | ¥

(StlII mechanlcal -wise repairing work remains though ) S \

e —

5th KAGRA international workshop on February 14th 2019, Yoshinori Fuijii 10 / 22



Mechanical installation has done! @z[0)')/37/= 8%

ETMX & ETMY.

for ETMX - F2 GAS
for ETMY - F1 & F2 GAS

ITMX & ITMY:
for ITMX / ITMY - FO GAS

Blade replacemeht necessary
but time consuming (etc).

Mass tuning, necessary
but no accessibility.

1 G4 o
1 g = !
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Mechanical installation has done! HOWEVER ..
According to a simulation, assuming 1% coupling,

107 S I 2 (N O 1 B N S R R R
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gronfi o ST T for the 03-run”
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hd
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© 1079t
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5 1072t}
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1"l ETMX case Note:
10T ETMY case -- Modeled w/o Heat-links
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Servo filter implementation status
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With displacement sensors, [ for damping ]

DC+Damp

IP -
V' ForL/ T/ Yaw
- | )
# DC+Damp e
BF- i v For Yaw
damper "—=- ——
AN ForL/T
Damp Roll
nalfuci ‘J’ ransverse
(TMoplev) N ForP/Y tme?,ﬁa‘js) | Pl Y

Damp
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th displacement sensors, [ residuals |
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With displacement sensors, | residuals J@GEELRYEGE,

1072

10°

10?

1072

1073

[ urad/rtHz ] or [urad] [ urad/rtHz ] or [urad]

10! 10° 10! 10°
Frequency [Hz]
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Candidate (main) resonant modes? (Preliminary )

Wi
] .
T

S ERS-E

(9 damping at tower—part)

- + decoupling / inertial damping M - damping at payload m




Verification of suspension performance
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Measurement:

= - V- : |~
Mechanical suspension \’ﬁi"‘l/ e TEN
performance ;
with X-arm cavity |

PRM PR2

@

PR3 BS
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Vlbratlon |solat|on ratlo, [ Good news! ]
e o ETMX | From ground to TM

e o |TMX
simulated

[ m/m ]
magnitude

phase [deg]

coherence

Frequency [Hz]
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V to L coupllng, [ System IS not yet identified.. ]
RRIEHE . From BF-GAS to TM

AN

ﬁ5 VTM / BE- GAS(V) ¥ 0. 5e-2 i l . l
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Summary:

-- All the Type-A suspensions have been installed.

-- Damping controls are working properly, however,
some resonances are not yet damped efficiently.
D Implement damping controls at payload stages

-- Reducing RMS is necessary when the seismic noise is high.
(O implement inertial damping at IP stage

For soon next:

D Do mode identification including the heat-link peaks
D Design the filters in the observation phase.
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Backup
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Seismic noise

\

Seismic noise )

(Tokyo)
i | / i i
106 / {
'ﬁ' ______ | '

E'_i "ﬁ:u Seismic noise
10710 bo oo Tl T - _
E .| R (KAGRA site)
E 10-14 | 10'8 ' |

AR TALY I I
© : sensitivit
E‘ 10-18 R R y
O 100 Lo
1
0.1 1 10 100 1000
Frequency [HZ]

-

5th KAGRA international workshop on February 14th 2019, Yoshinori Fuijii



Seismic attenuation

E E
-5 T T U LI | T T T T LI AL | T T T T T T T X.
X<  — 10 |

irement

-20|| Reg
. Double e S~
Mirror 10> Triple e | TN
5-stage ==
X < > -30

10 01 1
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Type-B suspension case

Mirror displacement X
N
(03]
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Resonance damping

- Active control

4 )
/ B
— Servo
A 7
) (V) 7
{ Ul Lgisy— » z
7 o = | | A Y
L Actuator Displacement =
sensor
_ y Stable
interferometer
. eration operation

J
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Designing active control system / Control phase

1. Calm-down | 2. Lock-acquisition 3. Observation
phase phase phase
7777777777777 77777 7777777777777/ 7777777777777/
i
) (v 7
o] - [ |-
¢\ \4 7
- I B I -
Y ) .
Suppress Reduce RMS velocity Keep position
large disturbance RMS angle

control
(Root-Mean-Square)
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Type-A suspensions?

13.9 M

Inside cryostat

Intermediate mass (IM)

T To bottom filter

Marionette

Security frame
Intermediate

Marionette (MN)

> Heat links

Cooling bar

| Breadboard

Recoil mass (RM)

\

recoil mass (MNR)

recoil mass (IRM)

J

Outer shield (80 K)

Inner shield (8 K)

Heat inks

JGW-P1809347/
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Type-A suspensions?

A will be
% iyt L installed in the
end of Jan.

LIRS
1000X—k)L

JGW-P1809382
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With displacement sensors, | residuals J@GEELRYEGE,
Seismic motion when the weather was normal/bad

(From page #16)

comparison: EXV SEIS X

joopo| === EXV SEIS X quiet, RMS: 0.012
EXV SEIS X noisy, RMS: 0.024

[ um/rtHz ] or [um]

10*

107
Frequency [Hz]

10°

um]
= = = 5
L ] = o

[ um/rtHz ] or [

=
o
IS

comparison: IXV SEIS X

FR— —r— H -
oo e | XV SEIS X guiet, RMS: 0.012

IXV SEIS X noisy, RMS: 0.026 ||

107!

Frequency [Hz]
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Vertical transfer functions (fitted)
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100

10'2 =

102

-~ p‘-\

- Fal )
NS e \ A
N N '\__.-"\\‘

10 H

BF-GAS(V) / BF-GAS(V)_act

-8
10
102

200

107" 109 101

102

100

U_

-100

-200

102

107" 100 101

102

-100 -

-150

-200

ITMX

~

-8
10
102

0

107"

-50

102

5th KAGRA international workshop on February 14th 2019, Yoshinori Fuijii



Measurement:

= - V- : |~
Mechanical suspension \’ﬁi"‘l/ e TEN
performance ;
with X-arm cavity |

PRM PR2

@

PR3 BS
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Force transfer functions
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Forc

@

transfer functions From (IM-IMR)-act
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Force transfer functlons From (MN-MNR)-act
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Note: Measurement of
mechanical suspension performance with X-arm cavity

Excitation point:

Excited stage name | Degree of freedom

Sensing point:
All the local sensors

™ 'F-) . for ETMX and ITMX
IM ]
v s
MN ] ;
BF GAS
(L) ;
Ip ] ;

(*1) Some resonances have to be identified, as shown in the above.
(*2) measurement files are stored under /users/VISsvn/ though, Not much organized well now..
please let me know if you want to have them ASAP.
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#1

#2

#3 #4

#5

#6

#7

0.019Hz me=| 005iHz me= 0.067 Hz 0.067 HZ  0077Hz el 0.099Hz  marel 0.12Hz  merel  0.122Hz  ser Type_A SAS
; . . . ; . 4

i

i

IP translational
modes

i

i

i

1

“TyrpeA180429 20K’

Eigen mode: 75 modes

[ ] Less interest now
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#10  #11  #12  #13  #14

0.122Hz  ware| O-14BHZ  Mam|  gopsp-  Gonl 0.203Hz  men 0.28Hz  mer| 0.359Hz  more

0.363H=z Monz 0.363Hz More

i I

[ ] Less interest now
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#17  #18  #19  #20 #23  #24

0.413Hz  marel 0 414Hz ol 0.44Hz mo| 0.44Hz o] 0483Hz mo| 0483Hz Mo (616Hz  weel  0.618Hz  wer

W T

. Py am pu A
- 1 ’ \ | | [ ] Less interest now
, TR o . iy iy
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#27  #28 #29  #30 (#31) (#32) -

0.694H=z Moz 0.6594H=z Moz 0.701Hz Marz 0.745Hz mon  (.746Hz Moz 0.787Hz Mare 0.799H= Monz 0.7959Hz

TrE T ey

[ ] Less interest now
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#33 #34 #35 #36 #37 #38 #39 #40

0.817Hz Mars 0.951H= more (.972Hz Mare 0.8974Hz More 1.061H=z Monz 1.061H=z Moz 1.171H= Maorz 1.185Hz Mo

W R

- an an -n -
| an | | 1 = | ] Less interest now
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#41

1.321H=z Maorz

#42

1.321H=z Marz

#43

1.421H=z Maorz

T

#44

1.425Hz Moz

T

#45

1.635Hz Morz

T

#46

1.638Hz M

T

#47

1.723H=z Moz

T

#48

2.125H=z Mar

T

[ ] Less interest now
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#49 #50 #51 #52 #53 #54 #55  #56

2.125Hz  mare| 2.196Hz  mew| 2.516Hz  moe| 2.516Hz  Mem 5 oopmyn e TO0NZ M| oo GiHz e

i

e am| aa| e AL e L L [JlLessinterest now
T[T, T[T T Foiniy . T . .
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#57  #58 #59  #60 #61  #62  #63

15.92Hz  mare| 20.17HZ  Mome
6.19Hz wmore| 6.646Hz me S-771HZ Mo 21.923Hz  mee| 23.685Hz  mem=| 26.265Hz

e w T,

| amm | & . = - L | [ Less interest now
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3

#6 #66 #67 #68 #69 #70 #71  #72

44.453HZ | 40 caoHr  mel  S4.672Hz  wel 57.266Hz

i v A

26.265Hz Marz 33.204Hz Monz 34 419H= Marz 41.109H=z Mara

- ol N iR - L il [ Less interest now
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#73 #74 #75

150.563Hz Marz 151 723Hz 183.437Hz

A

N L | L [ ) Less interest now
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Designing active control system / ex. Type-Bp SAS

1. Calm-down phase 2. Lock-acquisition phase 3. Observation phase
Displacement Displacement Displacement
DC+Damp sensor (LVDT) DC+Damp sensor (LVDT) DC + Damp sensor (LVDT)

S

AV
DC

S

\

DC

DC = T

I~ Displacement
sensor (LVDT

—~ — 1 Displacement
sensor (LVDT)

Displacement
sensor (OSEM)

acement
r (OSEM)

NEDNED BV
\
ﬁé\?\%)
SEDEDE

r—=1rgl -
| AR I 3
_— \ R
/L _\§/’éﬂ Optical ~ Optical
B Sensors sensors
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2. Decay time measurement

L

r For damplng resonances

0.156Hz  More 0.43HzZ  More 0.47HzZ  More 0.52Hz  More 0.527Hz  More

ﬁ%??%

“L/e decay time

For the resonant modes

0.659HZ  Mon

i U U f - i

0.66Hz  More 0.68Hz  More 0.844Hz  More 1.03Hz  More 1.036Hz  More

~\

1.099Hz  Mon

0

which disturb the lock acquisition.

J

(Example)

- We have to measure the decay time constants
w/ and w/o damping controls,

In order to verify the damping control performance,

FOR ALL THE TYPE-A/B/Bp SUSPENSIONS.
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