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Type-A Suspension

27—
B 5. BRAKIREIFH 5745 8RS

B FEHRF (IP): /KEAMRDHEIR ~ 70 mHz

B Geometric Anti-Spring (GAS) 7 1 JLX:
HE A RO ~ 300 mHz

EEXRTO—FK

B MME. EEEE ("’ 20 K)
B 7710 78:225kg (771 N\ EEAEED)




Pre-Isolator

.
e
L Y
=
e
B -
[




Lter

. N.M\ﬁml’ .
A1 !!

71 53R Rk Y

1”41 B
\ L . \
% B

. R
ol £ £ 4 IV P07 vOry IPPr iy vy w‘s‘\ls e , | w‘_ f i
E - g - -
- . ~ o I
't 1L : 19t .0 ) it Tt ] { 8
’ ’ . : ol
23 - e - R4S E -l i

’ .
in

4

gt

Bottom F

4

A




{E{:/ﬂﬂ/\/‘/ 1—T

L Q




g

A O

~
~N

(s




EER1 O— RER

$RE =2 ~ 200 kg

To9NTA—L &

G*)'W

— ARl
LR
EF :
LIS |

0
| %'?’3
i_;' IREJKVZ 2_/_ \\ /'/fi-lﬁl-‘u’,\‘j?:,lg
(MN) S

" -
(IM)

TANY A
(TM)

P

.
A\




A —  Seismic
1076F=
\ —— Test mass
~

_ - — = Test mass RMS
E 109 --- Requirement
“ w
=
e . [ ist —~=
= 107" \ FRAlFETD
c
Q
E 10-15
Q W/
— 3
O i
O 10718 A\ | l
D | \‘~~_I‘\~

10721t A\ L S————

—24 | i i i R T A a | i i I T R
10 101 109 101 102

Frequency [HZz]




1. PRt O RIE

IP STAGE
HJETE?i ‘ i i ‘ i

— HomE-1P
( e ) = ( R )X( i

P-4 )
EEM:/:JE'EX

E'JE + JETJI/?’E/E % 'JE




r— 10;).. |
£, 10 Rl
d .
5 oo
"8’ 104 x
{0 0
c o %
g 10-8} N g X1IE
S owb| X-arm End Mirror 7 seee e
c 10r .
Q ¢  X-arm Front Mirror
- -12 L
L 0 Model
10-14 i j \ i

O 1.0F W

0 JORE.

9 0.5 ®e

QO o

< %

S s :

0.0" PR, re=r-3
10-1 100 101

Frequency [Hz]

BY Y. FUJII

. Ei_ Hﬁ/\%ﬁ%%

Sl | i0: | Rell = A SR ¢
—% (K FIC>1Hz)

P &R IS T OFHEIE
BETOBEHEZE
YLTITD




2. RMSHPE D 7= D O — 7 )L &l1H]

m 27—

»(\f‘ﬂr’\\ CHmN (<11
- DCAZiE R (< 1 Hz)

W <0 [ Payioad]
=) servo R

= (> 0.1 Hz)

GAS servo

»

Payload servo
U



SR T 4 bzt
MN-MNR & DA 2L
FTC

MN DM (-3 F 2 )

—

Kt

RETBET #+ bz 1
IM-IRM & D XTI Z 111

FTC
TMOME IR T BZEAL(L, P,Y)



A1INRT XYy N7 OF 2
T—A
MN-MNR R DAE%16 B BREE

AIWNITZY NT7OFa
T—AX
IM-IRM RIDAE6 5 E

AINIT %Y N T IOF2
T—A
TM-RM RIDEI3IEHEE (L, P,Y)




Vertical O— 1)L AEHE

ESR(E
Yol

DOF RMS [urad]

<0.2
YAW
Roll
Longitudinal . Transverse
(beam axis)



Magnitude

10°
10
10
0
0
10
10

1
v
1
T
)
1044
180
90 |

Phase [deg]

<8

& o

B Broadband

feedback
PRz~ 3

E— 20 TeL\E
TA4 >EFES

1
Frequency [Hz]

L
il

ACT.

S

2

cC
8)1
=,

\ _

_ﬂ \ \ 8
\\ N - 9

\ k T s

VNN =

0 0° 10° 107

B Generic

Band-pass

feedback

BTEDE—7J 7=
SHBHD2IRA
N RN T4 )LA

10°
10°)
10'
mne
0‘
04
ol
0
10‘» A - ettt - —— PSS - B e
180 r
20
; j,
w \
107 10 o 10° 10°

1
Frequency [Hz]



107¢

— Undamped

-- Undamped EMS
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-- Damped RMS
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Components

TYPE-A TYPE-B

9 stages 5 stages 3 stages
Inverted Pendulum Inverted Pendulum -
GAS Filter x5 GAS Filter x3 GAS Filter x2

Payload: Cryogenic Room-temperature Room-temperature

For 4 TMs For BS and 3 SRs For 3 PRs



Performance
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= 0 T I 10°% -
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g 10-14 L 2 10-12
B 108 S 4
g 1018 g 1077 A Ground .
E . o Horizontal % 10-16 Horizontal
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0 10 4 TM requirement BN .| PR requirement
10-24 L 1 TR i | | X 10-20 L ' | [ ! 1‘ 1
102 10" 10° 10 102 102 101 10° 101 102
Frequency [Hz] Frequency [Hz]

cf.T. Sekiguchi, PhD thesis (2014)

o s B Both horizontal and
g vertical motions
§ 1 _: ;: Qround .
£ e l] v — contribute the
& 107 | 55 requirement : :
e J displacement noise
10 10 10 10 10

Frequency [Hz]



lower

o S
ﬂ\i PRE-ISOLATION STAGE

B Inverted pendulum legs

B Horizontal resonance ~ 70 mHz

MECHANICAL FILTER GHAIN

B 5geometric anti-springs

B Vertical resonance ~ 300 mHz

(-




CRYOGENIC Payload

J RapiaTioN + GonpucTiVE GOOLING

B Black coated surface

B Pure aluminum heat links

SAPPHIRE TEST MASS & FIBERS

B Weight: 22.5 kg (ears included)
B Hydro-catalysis bonding




Degrees of Freedom

Vertical

Roll

Longitudinal Transverse

(beam axis) Pitch



Heat Link

0.15 mm x7 twisted wire
0.15mm puw J R e - et

thin wire =& 0.5 mm x49
‘: A twisted wire

T

0.15 mm x49 twisted wire X7 In parallel

B 6N (99.9999%) aluminum wire

B High conductivity ~ 18.5 kW/m/K

1

Low stiffness: kstrand — Eksingle

cf. T. Yamada Master Thesis (2018)



Heat Link INDUCES

Strain [1/rtHz]
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10—25

10—26

by T. Yamada

KAGRA sensitivity (DRSE)
Requirement curve
Heatlink Horizontal
Heatlink Vertical

Heatlink Vertical + Horizontal

10! 107
Frequency [Hz]

10°




Hear Link Visration |soLation System

Transfer Function by T. Yamada
103 —— Vertical
u k —— Harizontal
100 —— . = \‘j\'/ \J\

10—1

10°%

Amplitude [m/m]

10—94

10—12

15
10 101 100 101 102 103

Frequency [HZ]




Hear Link Visration |soLation System

Outer shield (80 K)

Inner shield (8 K)

HEAT

Cooling
- bar




Vibration nThe

cf.T. Ochi, Master thesis (2018)
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HL-VIS Design Performance

Strain [1/rtHz]

10728,

10-30

by T. Yamada

—— KAGRA sensitivity (DRSE)
— Requirement
Heatlink Vertical + Horizontal
HLVIS

102

102 103
Frequency [Hz]



Verticat-To-Loneiuomar Coupling
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Payload Structure




Vigration Isotation Rato Measurement
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| ocal Sensors -

LVDT

IP-ground displacement

Geophone
IP inertial velocity

LVDT

keystone-body displacement

LVDT

BF-frame displacement




| ocal Actuators -

B Voice coil actuator
IP-ground force

B Voice coil actuator
keystone-body force

B Coil-magnet actuator
BF-frame force



Mode Damping

SINGLE WIRE CONNECTION

B Requirements

B YawRMSat TM <0.88 urad
B Mode decay time <60 sec.

Vertical

A
Ya (3

W

Roll

Longitudinal Transverse

(beam axis) PitCh



B Damper

/. B LVDT +Coil-magnet actuator unit

B 6 DoFs sensing & actuation w.r.t.
the ground




Damping LooP
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Magnitude
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Measurement

. Measurement
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+  Measurement
4000y —— Fitting 4000+

2000 2000
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Yaw Mode Damping
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Yaw Mode Damping
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Modal Damping

0.01 : : . : 0.2 l : : :
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STAGE-BASIS MODAL-BASIS

B Decouples sensor signals into modal
amplitudes
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GAS Filter Response (1]

MODEL PREDICTION
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Gas Filter Response (2]
MEASUREMENT RESULT
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STAGE-BASIS MODAL-BASIS

B Modal responses can make the filter design simple



Modal Spectrum

MEASUREMENT RESULT
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Hierarchical Control

SUSPENSION
ACTUATORS

‘g
@

« @

ACTUATION PER CGOIL
0.00715 N/A
0.016 N/A

0.43 N/A
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