mf\ Standard filter (F1
|

! Inverted Pendulum

E B W

round

Magnetic —
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L= D

Intermediate
Recoil mass

Intermediate Mass

| Wire Recoil Mass

Fishing rod
Z Test Mass

____ Rotation
<= D - .
mechanism
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Mechanical response
Calculated by SUMCON (and Simulink)

o] SUMCON ca TypeBp with IP, MD SAS model H




SUMCON Version:1.32

S UM CON in Marhemaiica Q About SUMCON Version Info

sprnston odel  structor .
f

Mew Model Load Model Save Model typeBp_wIP_wMD_160205.m

Model Construction | Calculation Result | Export Model TypeBp With IP) MD 160328

Degrees of Freedom:
34 State Variables
6 Input Variables
2 Float Variables

Ground Position:
xg—=0. yg-=0. zg— 0. pitchg—=0.  vyawg-—0. rollg — 0.

Equilibrium Point:

xF2 = 0. wF2 = -0.1444 ZF2 = 0. pitchF2 = 0. yawF2 = 0. rollF2 = 0.
xIR = 0. vIR = - 0.647 zIR = 0. pitchIR — 0. vawlR —= 0. rollIR - 0.
¥IM - 0. ¥IM - —0.6977 zIM = 0. pitchIM — 0. yawlIM — 0. rollIM —= 0.
*¥RM = 0. yRM = —1.2847 zZRM — 0. pitchRM — 0. yawRM - 0. rollRM - 0.
¥TM = 0. YT = —-1.2848 ZTM = 0. pitchTM = 0. yawTM = 0. rollTH = 0.
®F1 = 0. zF1 = 0. yawFl = 0. *MD = 0. yMD - 0.0399 ZMD = 0.
pitchMD — 0. yawMD - 0. rollMD = 0. hGAS2 - 0.0259 hGAS1 = -0.0839

Mow N SUMCON in stuthemadica 5 TypeBp with IP, MD SAS model
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Eigen Mode List

0314Hz g Resonance frequency

Eigen mode shape

J sensing / Excitation point
Hardly seen/excited
(= r(“‘r AL | r/(“r‘r‘
LAINNOL D Seell/exXCited

Eigen mode number

SIMULINK _ ] i ‘. ."= - TVpEBp with IP, MD SAS model




Ei Mode Sh
"

: TFO

0.079Hz More 0.079Hz — 0.089Hz More 0.108Hz More 0.1/3Hz More #2

: LFO

#3

: YFO

fd

: YWholeChain

#5

: YPayload

e

: RPayload

0.314Hz  More More 0.499Hz  More 0.5Hz  More

#7

: VPayload

H8 :

PPayload

#9

: TPendulum

#10 : LPendulum

k| SUMCON ca KAGRA TypeBp with IP, MD SAS model




Eigen Mode Shape

#11 : RF2
0.529Hz More 0.532Hz More 0.603Hz More 0.657Hz Maore 0.657/Hz More #12 : PFZ
;‘| f.j i/ #14 : LTM
; #15 : TTM
#13 #14 | #15 '
#16 : PTM
0.941H=z More 0.942Hz More 1.034Hz More 1.035Hz More
™ #17 : TPendulum
) #18 : LPendulum
]
#19 : YTM, YRM
(YTM, -YRM)
_#20_ #20 : YMD

TypeBp with IP, MD SAS model



Eigen Mode Shape

1.043Hz

More

#21

1.061Hz

#22

More

1.061Hz

More

#23

More 1.202Hz

&

#25

More

1.348Hz

More

1.349Hz

More

1.391Hz

More

5.06Hz

More 11.355Hz

More

#21

: YIR

#22

: TMD

#23 :

LMD

#24

: TIR

#25 :

LIR

#26

: TPendulum

#27 :

LPendulum

#28

: YTM

#29

: PIM, PRM

#30

: VTIM

TypeBp with IP, MD SAS model



Eigen Mode Shape

15.569Hz  More  49.194HZ  More 6/.557HZ  More 86.825Hz  More 89.211HzZ  More #31 . RTM

#32 : VRM
#33 : RIM, RRM

(RIM, -RRM)
#34 : VMD
#35 : RMD
#36 : PMD
#37 : RIR
#38 : PIR
#39 : VIR

#31

#34

89.211Hz  mMore  100.15Hz  mMere 103.467Hz

[RIM)

TypeBp with IP, MD SAS model u




Force Transfer Functions

(, which can be measured, with No ctrl)

A MATLAB
SIMULINK



Force Transfer Function

LVDT_LF1/ actLF1

SIMULINK

Magnitude

Transfer Function Bode Plot

TypeBp with IP, MD SAS model



Force Transfer Function

LVDT_TF1/ actTF1

Transfer Function Bode Plot

Magnitude
=
I

Phase [deg]

10° 10 10
Frequency [Hz]

TypeBp with IP, MD SAS model
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Force Transfer Function

LVDT_YF1/actYF1

Transfer Function Bode Plot

Magnitude
o
|
I
=
W

Phase [deg]|

10° 10
Frequency [Hz]
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Force Transfer Function

LVDT VF1/ actVF1

Transfer Function Bode Plot

Magnitude

éﬂ 90_ ...............................................................................
E e D T R
=
I£ 00| - N
_]80_1 N iiii;i;l_l . i.;;ii.o z |1 ,
10~ 10 10 10 10

Frequency [Hz]
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Force Transfer Function

LVDT VF2/ actVF2

2

10

Magnitude

B 10 10' 10
Frequency [Hz]
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Force Transfer Function

OSEM_LIM / actLIM

SIMULINK

Transfer Function Bode Plot

] e

425

0 — NN

Magnitude
=

-2 -1 0 1 2

Phase [deg]|

10° 10 10°

Frequency [Hz]
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Force Transfer Function

OSEM TIM / actTIM

Transfer Function Bode Plot

Magnitude

é{l 90_ ...............................................................................
E e U ST SV S S T
=
é —QO e L
_]80_1 N N ;;;llll_l N L l..llllD . . |1 )
10~ 10 10 10 10

Frequency [Hz]
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Force Transfer Function

SIMULINK

OSEM _VIM / actVIM

) Transfer Function Bode Plot

10

=

=

Magnitude
=

Phase [deg]
o

B &

10° 10’
Frequency [Hz]

10

2
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Force Transfer Function

OSEM RIM / actRIM

Transfer Function Bode Plot

2

10

Magnitude
S

Phase [deg]
&
S o

! !
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Force Transfer Function

OSEM_PIM / actPIM

Transfer Function Bode Plot
=¥
=
=
=
=T1]
o~
=
Eﬂ 90 T T e i T IR A I P A I PRI DIPTSR
<
o 0 ......................
¥ 5}
[
f —QOF e )
_]80 . N M | N . | l.ll . ::::i A
107 10" 10’ 10’ 10°
Frequency [Hz]

TypeBp with IP, MD SAS model

SIMULINK




Force Transfer Function

OSEM YIM / actYIM

Transfer Function Bode Plot

2

10

0

10

Magnitude
=
I

-2 -1

Phase [deg]
o

10 10
Frequency [Hz]
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Force Transfer Function

OSEM_LTM / actLTM

Transfer Function Bode Plot

Magnitude

En 90_ ............................................................................... .
O 0 ........................................... _
%

_90_. .............................................................. .
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Force Transfer Function

OSEM_PTM / actPTM

Transfer Function Bode Plot

Magnitude

TypeBp with IP, MD SAS model E
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Force Transfer Function

OSEM_YTM / actYTM
TramTer Fumctlon Bode TTor

Magnitude

én 90_ ............................................................................... —
E () ——————— i
=

é —QOF e _
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Force Transfer Function

OpLev_PTM / actPTM

10°

Magnitude

2
%ﬁ QOF - vl e
3 0 - L P e S
]
é 0T L TR
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Force Transfer Function

QpLev_YTM / actYTM

Transfer Function Bode Plot

2

10

Magnitude
o

Phase [deg]
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Force Transfer Function

OpLev_PTM / actPIM

2

10

Magnitude

éﬁ o0F- e R e -
S0

o

-:E —QOF s i
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Force Transfer Function

OpLeV_YTM / actYIM

2

10

Magnitude

Phase [deg]|
o

10° 10' 10
Frequency [Hz]

—180
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Force Transfer Function

OpLev_PTM / actLF1

Transfer Function Bode Plot

Rt
0L ...... 4_-#23 ...... U P R

Magnitude

Phase [deg]
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Force Transfer Function

OpLev_YTM / actYF1

Transfer Function Bode Plot

Magnitude
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Force Transfer Function

GlobalSensor LTM / actLLF1

Transfer Function Bode Plot
IR /#18 R
0 . N, i Sl A . oL . [
o TN, —H 27

Magnitude
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Spectra

without control
using 90 percentile seismic noise

i _ - ca TypeBp with IP, MD SAS model




< From http://gwdoc.icrr.u-tokyo.ac.jp/DocDB/0039/T71503908/002/TypeBpDesign.pdf

2 Seismic noise level at the Kamioka site

The seismic displacement and velocity we used is shown in Fig.2 and ??7[2]. This is the

one called high-noise model. The seismic displacement in Kamioka is below this level for
90 % of time.

1) 107 g

90% displacement H i ——— ===an 90% velocity |;
“ . {4 v RMS RMS i
E ' e ?"‘.. P e e O J . i
5 % e
£ ===:== SE: S T
—_ [ A
-E-ll}'q .......... 1 1 O A N . N E 11 T— ‘-/..r'\,r ........ ...
o : R = : ,—-""r: 1 t
2 ' \ E L7
TR : . B
o 10 f 1 |1 | S o b | . vy = L _
E - 3 - -oF "‘_ 2 e v : !
B = z 10"
= I I = A AR ————_— Lt Ll
=] TTTT1T - ; 3 = — i
=] ll:l'm" .......... B R PPy (PR SYRTPS :‘\_‘Lt,_, .\_\ RERE
= T
M
4t @ l\
1'}11' " L L 4 m 4 L - 4 " i PR ﬁt IU'g 3 4 2 PR mn 4 43 5 L ID ) " .
10 10 10 10 10 10 10 10

MATLAB
SIMULINK

Frequency (Hz)

Figure 1: The high-level seismic dis-
placement in Kamioka.

spension odel  structor

Frequency (Hz)

Figure 2: The high-level seismic velocity
in Kamioka.



Spectra without ctrl

TM displacement : H and V 1%

Magnitude [m/rtHz| or [m|

MATLAB

10 _ ...... ......

Mirror displacement with No Control

0 : DT T : o T T i T T T T

Horizontal
— — Horizontal(rms)
Vertical 1%

10> k. ...... ------ Vertical 1%(rms)
= o . | = =—"PR requirement |

107 10 10’ 10"

éIMUI:INK S U M C ON in Mathematica
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Magnitude [m/rtHz] or [m ]

TM displacement : H+V 1%

Total Mirror displacement with No Control
0 SRR R T
| — —-Total(rms)
| ——-PR requirement |

o um/itHz

037um

Frequency [Hz]
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Spectra without ctrl

TM velocity : H and V 1% TM velocity : H+V 1%

Mirror velocity with No Control Total Mirror velocity with No Control
Coro T : R . L | i 0 . I : Con T . oD T T I .
S Horizontal | i A Total
107 b Lol - | — —Horizontal(rms) [| SRR Lo - | —— Total(rms)
R R R : Vertical 1% - SRR S R AR N —
Vertical 1%(rms) |

Magnitude [ m/sec/rtHz] or [m/sec]
Magnitude [m/sec/rtHz] or [m/sec]

05
10

Frequency [Hz] Frequency [Hz]
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Spectra without ctrl

TM Pitch Angular fluctuation

Mirror angular fluctuation (Pitch) with No Control

LS R
. N . Lo . —_.Pitch(rnlsj

TM Pitch fluctuation
excited by Longitudinal GND motion

Magnitude [radlrti—lz] or [rad]

""RMS angular fluct
0.36 urad o

10 10
Frequency [Hz]
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Spectra without ctrl
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Control Simulation Results




Filter shape
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OLTF
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CLTF
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Q factor in damping control
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Impulse response
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