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VIS Suspensions
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VIS Suspensions
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Type Bp: PRs

F

Standard Filter (BF)

Top Stage Traverser
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GAS Filter gk
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Type B: BS and SRs

7~

Top Filter (TF)
Filter0 (FO)
Pre-Isolator

Inverted Pendulum (IP
- BS L ")

-~
SR2. Standard Filter (SF)

GAS Filter
SR3. chain

Bottom Filter (BF)

« SRM.

Intermediate Recoil Mass (IRM)

Intermediate Mass (IM)

Payload

Recoil Mass (RM)
Optics (SR)
.
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Type A: ITM and ETM
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Vibration Isolation 1

The isolation can be done using pendulums and springs.
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The isolation can be done using pendulums and springs.
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Displacement [a.u.]

different damping factors
(ratio).

Vibration Isolation 3
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Requirements 1
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Requirements 2

Spectrum density [m/Hz'?) Spectrum density [m/Hz'?]

Spectrum density [m/Hz'?]
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Requirements 3

1. Calm-down phase

Requirement:
- Decay time <1 min.

r2. Lock-acquisition phase

Requirement: :

- RMS mirror velocity £ 1 um/s
- RMS mirror angle £ 1 urad

Large disturbances

Interferometer

locked 4 _ N

3. Observation phase

Requirement:
- Low control noise at >10 Hz

12
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Type B: Sensors and Actuators

/

Top Filter (TF)
Filter0 (FO)
Pre-Isolator

Inverted Pendulum (IP
BS (IP)

.

-~
SR2. Standard Filter (SF)

GAS Filter
SR3. chain

Bottom Filter (BF)

SRM.

Intermediate Recoil Mass (IRM)
Intermediate Mass (IM)
Payload
Recoil Mass (RM)
Optics (SR)

\.
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Preisolator

KAGRA Lecture 1 for students 02.08.2018

(1)

(2)

()

(4)

()

(6)
(7)

(8)
(9)

Base ring.

Inverted pendulum (IP) leg.
Base upper level (For Stepper
Motors and LVDT sensors)

connected to base ring.

Table isolated by the IPs in
horizontal motion (L,T and Y).

GAS (Geometric antispring)
blade of the top filter (F0).

Geophone.

Horizontal Linear Variable
Differential Transducer (LVDT).

Coil-magnet actuator.

Horizontal Fishing rod with
stepper motor.
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GAS (Geometric anti-spring) filter

KAGRA Lecture 1 for students 02.08.2018

(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.

15




Eddy current damper

(a) (b)

N-pole S-pole

L Eddy current

damper
F1 \

Conductive
plate

,I, Lower Stages
The yaw motions have high quality factors, so they will have a long
decay time.

Torsion modes are passively damped by the eddy current damper.
16
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IM stage and OSEMs

— OSEM flag
i

F Tuning mass

Moving mass

Picomotor

—=T

OSEM: Optical Sensor
and Electro Magnetic actuator.

Wirre _
suspension point

Hight adjuster

actuator coil

magnet
flag

Attached to
Test mass body

LED Attached to
recoil mass body 17
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IM OSEMs and TM coil actuators

6 OSEMs at the IM stage

j. a - % i ;: ‘ k- (Sensor and actuator).

4 Coil actuators
at the Optics stage.

18
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Sensors and servo filters

Payload servo

GAS servo

IP servo

—
IP
N
— GAS
>

disp. sensor

seismometer

disp. sensor
21 disp. sensor
1 Pa
yload
=0
— | =1 optical lever
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A Vertical
C') Yaw

Transverse

Longitudinal
(beam axis)

Axes definition.

19




Analog-Digital diagram

OSEM

L ED/PD Electronics Pre-filter

Digital
World

Electronics Post-filter
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Input Matrix
Transformation

Control
Filters

Output Matrix
Transformation




KAGRA sitemap 1

= Terminal = mie 20:58

controls@Mk1 ctrl: ~

Archivo Editar Ver Buscar Terminal Ayuda

enzo@bDebian:~% ssh -Y controls@El72.16.33.11
controls@l72.16.33.11"'s password:

Last login: Wed Aug 1 20:52:55 2018 from 172.16.132.80
[controls@klgate ~=1% ssh -Y klctrl

controls@klctrl's password:

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in Jfusr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY MO WARRAMTY, to the extent
permitted by applicable Tlaw.
Last login: Wed Aug 1 16:29:49 2018 from 10.68.10.209

:~% sitemapél
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k1 SITEMAP Wed Aug 1 05:04:24 2018

[CHCTS I |
CHCAMERA

[HREN |
EPICO GHIFD ALIGN

CHYMC to kIMON

—

ChPEM

ChPLE

CHCRYOCON

HSTERPPING MOTOR ChCAL

KAGRA sitemap 2

VIS_ALL.adl (on klctrl)

= TOR VIR = TOF-MTEL

oy TEl = OWERVTEN

- TOF HIEW
= OVERVT = TOP - NMIEW

ETHY

= TOWER
LRy =P

M= TOF YIEN

P TOLER:

= TOF MIEW
- OYERVIEN
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KAGRA SR3 Suspension 1

VIS_CUST_TYPEB_TQOP.adl (on klectrl) X
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KAGRA SR3 Suspension 2 (Preisolator)

VIS_CUST_TYPEB_IP.adl (on klctrl)

k1 SR3 SUSPEMSION Wed Aug 1 Obrl2:ds 2

OTHER STAGES

Damping [Danping 0 HEFISUREHEN'I_' E1YI155R3 BIMRRY IfBAIMISSR3 Aux Ch

I M M | Take/Restore Sa L

25,1
W lL'-.-'ISSRE GIS TF. K1I0PYISSREE GIm

hAsTERE, ABKILL

CIl STATE © |-

CHCEMTERING
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KAGRA SR3 Suspension 3 (GAS)

VIS_CUST_TYPEB_GASALL.adl (on klctrl)
K1 SR3 SUSPENSION

AL KIVISSRE BINARY I/0 KIYISSRE Aux Ch
HEASUREMEMNT

STATUS E . K1I0PYISSRE GIS TP
@ KAYISSRS GIS TP
[ TTITTTT T .

masTER MR CORCKILL
SWITCH [Tl EWATCHDOG 10F

| TakesRestore Safe.snap

== GRS OUTPUT FILTER
IMPUT FILTER
Print

=3 GAS TEST

GAS PY Limits
T I CAS DAMP
INFUT FILTER MEDM Hain Mindow

Display List

GAS
IWPUT FILTER

| Take/Restore Safe,znap

Right click > PV Info
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KAGRA SR3 Suspension 4 (GAS)

VIS_CUST_TYPEB_GASALL.adl (on klctrl)

k1 5RZ SUSPEMSTON
OTHER STAGES

PV Info (on klctrl
“ e | s | Gpastone " ’

PY Information

EAWISSES Aux Ch

| Take/Restore Safe,=znap

UTHON <TerMaa CATEHDOR HACKILL

IITCH [T

Iop

| GAS TEST

TNEUT FILTER B GRS TIAMF

GAS
INPUT FILTER

3 GAS TEST

N GAS DAMP

| TakesRestore Safe,=nap

Right click > PV Info > Name of the variables. (K1:VIS-SR3 _...)
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KAGRA SR3 Suspension 5 (GAS)

VIS_CUST_TYPEB_GASALL.adl (on klctrl)

k1 SR3 SUSPEMSION
OTHER STAGES

HERSUREMENT

B o | o] o -]

| TakesRestore Safe,znap

@ K1YISSRE GDS TP K1IOPYISSRE GDS TP
[ M TTITTTT T . .

E kIVISSRE BIMARY I/0 EAVISSEZ Aux Ch

ACKILL
HasTER MR CATCHDOG @

SWITCH [T

= GAS o OUTRUT FILTER r
INFUT FILTER Bk Al

I0P

K1VISSR3_SR3_FO_TEST_GAS.adl (on klectrl)

kAVIS-SRE_FO_TEST GRS Wed Aug 1 0B;07I17

CLEAR HISTORY LOAD COEFFICIENTS HOLD OUTPUT
INL DECIHATION
* s | e [ e [oes | P

[ ]
e | Fie il
m - Ramp Time (=zec):
| curDIAN SET

Set excitation or perturbation to one DoF.
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KAGRA SR3 Suspension (IM)

Will be shown in control room.

KAGRA SR3 Suspension (Overview)

Will be shown in control room.

28
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StripTool 1

Actividades BEBSERpT ool ¥

CAC TJCP socket shutdown error was Transport endpoint is not connected

Wed Aug 01 21:21:47 JST 2018
getPvInfoFromDisplay: Not on an object with a PV

~$
:~% StripTool&

[2] 1363

warning: StripT ool Controls (on klctrl)
CAC TCP socket s .
] File  Window

Flot Mew =Signal: | K1VIS-SR3_FO_LVDTINE GAS CUTMON || Connect \

1 C@n@‘mfﬂ

Hame Color Plot Logl0 Precision Min Max Modify Remove

Terminal > StripTool& > Write or copy the name of the variable.

For slow signals mostly_ https://epics.anl.gov/EpicsDocumentation/ExtensionsManuals/StripTool/StripTool.html
29
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StripTool 2

mié 21:36

File Window

K1 SITEMAP Flot New Signal: II Connectl

] Cor?z‘mfs]

Hame Color Plot Logl0 Precision Min Max Modify Remove
IRty [ I IS-SR3_FO_LVDTI - 1 1 15829 1934.6 Modifyl Remove|
StripT ool Graph Window (on k1 ctrl) x
untitled JK1:VIS-SR3_F0_LVDTINF_GAS_OUTMOHN]

(1757.3,1759.2) VAL=1758.34

1759

1758.5+ L ‘

-
-]
4]
=]

1
L

1757.594

T T T T T 1
-4 -3 -2 -1 0 21:36:45
fug 01, 2013

({Minutes)

« 2 4+ 3240 I /0 #/[[F 4 SCROLLING
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Dataviewer 1: tool to plot and view real time data.

Actividades

:"I:Fg, aViewer *

CAC TCP socket shutdown error was Transport endpoint is not connected

$

[2]+ [Done

mié 21:41

StripTool

:~$ dataviewerf

[2]

File Frames /(1)

1583

Data Viewer (on klctrl)

Input] Dizplay ] Signal ] Realtime ] Flayback ]

K1 IS-RCD A E1:WIE-5SR3_FO_COILOUTF _GAS_EXC A
E1:¥I5-PRE E1:VIS-5RI_FO_COILOUTE_GAS_IMT
E1:YI5-PRS E1:VIS-5RI_FO_COILOUTE_GAS_IMNZ
K1:VIS-PRR E1:WI5-5SR3_FO_COILOUTF _GAS_QUT
E1:MI5-5RZ E1:MWIS-5R3_FO_DamMP_Gas_EXC  (16k
K1:¥I5-5R3 E1:WIS-5R3_FO_DamP_Gas_IMN1 - (16K,

K K1vIS-SRA_BF K1:VIS-SR3_FO_DAMP_GAS_IN1_D& |
AR ERE S E1:MVI5-5R3_FO_DakP_Gas_IMNZ  (16k,
F1:%I5-SRG_F1 E1:YI5-5R3_FO_DAaMP_GAS_CUT (16K -
F1:MIS-5RG_1k E1:VIS-5R3_FO_LYDTINF_GaS_EXC (1
k1:MI5-SRG_IP AR :
k1:MIS-SR3_MDACH MIS-3R3_FO_LVDTIMNF G
k1 :MIS-5R3_mDAaCT E1:WI5-5R3_FO_LYDTINF_Ga&
K1-YIS-SR3_TM K1YIS-SR3_FO_LYDTINF_GAS_O

i F |

I~ (R S i e

N
4 Fast Slow o INT o 0ld  Selection | KLVIS-SREFOLVITIN Gas_TN. (2)

(3) \ x

k1:WIS-SRE_FO_LWITINF_GAS_IMH1

12%
13:
14;
15:
16;

N

Connected to klnds0

k1:PEM-HUMIDITY _RACK_IHC
k1:PEH-TEMPERATURE _RACK_I00
k1:PEM-HUMIDITY _RACK_I00

k1 :PEM-TEMPERATURE _RACK_PRH
K1:PEM-HUMIDITY_RACK_PEH
k1:PEM-TEMPERATURE _RACK_PR2
k1:PEM-HUMIDITY _RACK_PRZ
k1:PEM-TEMPERATURE _FIELT_IR
k1:PEM-HUHIDITY_FIELT_TIR
k1:PEM-TEMPERATURE_FIELD_OUTIR
k1:PEM-HUMIDITY_FIELD_OUTIR
k1:PEM-TEMPERATURE_FIELD_CEMTER
k1:PEM-HUMIDITY_FIELD_CENTER
k1:PEM-TEMPERATURE _FIELD_MCRACK
k1:PEM-HUMIDITY_FIELD_MCRACK

DOUb'G CIiCk DataViewer
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Dataviewer 2: tool to plot and view real time data.

Actividades .HD':-} aViewer =

CAC TCP socket shutdown error was Transport endpoint is not connected

++
o
(i ]
*+

:~%
[2]1+ Done StripTool

:~% dataviewerS
[Z2] 1583

Data Viewer (on klctrl) x
(1)

Fil Fi Hel
rile Frames N (2) Help
Irput: ] Display ] Signal ] Realtime ] Playback ] [1: K1:VIS-SR3_FO_LWITINF_GAS_INL

: : |2+ E1:PEH-HUMIDITY _RACK_IMC
Trigger Signal

Type  Full _,| Hode  Standard _,l o o =] g |3t KLsPEH-TEHPERATURE_RACK_I0D
- 41 KL3PEH-HUMIDITY_RACK_I00

thove |”x:u o0 2 A0/ 5, K1 :PEN-TEHPERATURE _RACK_PRH
reseliion | 428 P | Refresh 1 | | fbove ~][3. 43 111 |[B KL:PEH-HUMIDITY_RACK_PRH
k1:WI5-5R3_FO_LVITINF_GAS_INL 74 K1:PEM-TEMPERATURE _RACK_PR2
% Bxiz— Y Axiz 44 d12
Ch 1 8: K1:PEM-HUMIDITY_RACK_PR2
Delay O | |[Mec 500 Scale  Lin — ||| =9 = 13|las k1:+PEH-TEMPERATURE _FIELD_IR
Trace Colaor o +PEH—
tin [£5.00 it T aue | 4B L4 |105 KLPEH-HUNIDITY_FIELD.IR
Red i ||Sec &8 7y q5||11t K1:PEH-TENPERATURE_FIELD_DUTIR
12 K1:PEM-HUMIDITY_FIELD_OUTDR
i Highlight I Filter I Global 8 1Bz 1 PEM-TEMPERATURE _F1ELD_CENTER
k1 sPEM-HUMIDITY_F IELD_CENTER
R start _Stop_| K1 sPEM-TEMPERATURE _F IELD_HCRACK
1 sPEH-HUMIDITY _F IELD_HCRACK
Connected to klnds0 DataViewer
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Dala  Plob - i

bl

M, = [UOOG0%, 394 05

w |
| A BDAQS Data Display 6 Channels ar f0-03-04-03-f2-53
| 2

= Lk dr ARSI M0 £ AN Cie dr MESL-TF SRF NN ENT
| = i
| 1)

LR

=100 21

ﬂl’\llp

,:..:' J N
| zv w0
| A
N O
Pu 1
| = [= ]
| ¢y dad '
¥ | 1 7 £ 4 T 20 i 5 '.-;th Fl’_lI"t Bulp
1 Ch 2 MISUSTE M0 ¥ N et - = = : .
a T, S Irput | Bisplay | Signal | Bealtine | Plaback | 17 ALIAR-TL w0 X _[hl
| Frigoee 1 Sigral — 2 MESS-TLM.H. bl
00 Tugee Full = | Hods Standard = | o | dln [ FL a9 5 MLAE-TE ML
i e - | A BLSSE-TL 0o I
= [im} F2 4105 wi-se-T1 0 PITOH, IHL
St ) Tapg T v
. Pesltion 296 - | Refresh 1 | | | F 3ot |6 MUISE-TL W RIGHT o |
i HISSE-T1 MO X 1ML~ 7 mLEEl-ES RTTRM |
peed] % fria e e rrrrve Ty '
th 1 2 . (| mL2SEL- s
ke . T Bolig 0 - | [0 |50 Gealn Lin ] 5 405 gy miase]-Be_ TILTOORR. MO 1NAN
S bl s— | I ey T | P& |10 MIISEL-BSC_TILTORRHIQUTIE |
IR it I Rt BT s
— i od |l E L7 qm ||l MAESET-BSC TILTCORR 42 THeH |
i 3 b o m i |12 HascEL-3S0_TILTCORR MG OUTLE
Ch b MUSUS-TE K _X_IVI JHishiight JFilber . Global <8 15y W eoET- BT T L TOORR HI_ NN |
0 . 143 HI+SET=BET_TILTCORE HE_QUTLE |
—— el || ] 15 H1rSET-B50_TILTO0RR Ha_tiem |
e 16 HA1SET=R5E_TILTIORR H4_CUTLE |
' RrE R, .
b1t o1 1] J
1
o
14500
S A
|3 HEE

lan, localhest 10,0, Unted
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Task

(1)Apply one ramp function to one of the
DoF in the SR3. Some ~hundreds of
counts of amplitude.

(2)Measure the excitation and the
displacement of that DoF.

(3)Apply one “Step”’function (1 [s] ramp).
And measure natural frequency of that
DoF.

(4) Estimate Q factor.

34
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/ﬁ muxss 4
KACGRA Next Lecture NACS

Plan for next weeks:

GAS Filters details.
OSEMs details.

FFT, Windowing,
Aliasing, Leakage, ...

Use of diaggui.

Transfer Functions
(TF).

KAGRA Lecture 1 for students 02.08.2018

Suggestions?

Not too fast.
SUMCON (simulation tool).

Why blades in the GAS
filters and not springs?.

Do not use acronyms.

35




KATRA Bibliography NAC)

Observatory of Japan

A study of low frequency vibration isolation system for Large Scale Gravitational Wave
Detectors. T. Tsekuguchi.

https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=4155

Seismic attenuation for Advanced Virgo. Vibration isolation for the external injection
bench. M. Blom.

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/KAGRA/Subgroups/VIS/Introduction?action=AttachFile&do=view&target=thesis_M_Blom.pdf

Electronics Setup and testing LIGO. B. Shapiro.

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/KAGRA/Subgroups/VIS/Introduction?
action=AttachFile&do=view&target=Electronic+Setup+and+Testing+of+aLIGO+Suspensions.pdf

You can also get this and more pdf files on the KAGRA wiki page:

http://gwwiki.icrr.u-tokyo.ac.jp/JGWwiki/KAGRA/Subgroups/VIS/Introduction
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