r ' ! H"“‘ Gmund

mﬂ\ Standard filter 1

TYpEB / \ ottom filter (F2)

A D
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=

Intermediate

Recoil mass Intermediate Mass

Recoil Mass

Test Mass
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Mechanical response
Calculated by SUMCON (and Simulink)

M . N <Y .
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SUMCON Version:1.32
S UM CON in Maihematica Q

Saeraion kel SErHCHOR About SUMCON Version Info Reflesh
=]

New Model Save Model

Load Model

TypeB1¥150723_TypeBl_Proto.m

Model Construction = Calculation Result | Export Model Ty pe Bp W'th I P 160205

Degrees of Freedom:

MATLAB
SIMULINK

45 State Variables
3] Input Variables
3 Float Variables

Ground Position:

®*g-=0. yg-=0. zg—= 0. pitchg = 0.  vyawg— 0. rollg — 0.

Equilibrium Point:

®F0 — 0. zFO — 0. yawrFo — 0. ®*MD - 0. yMD — -0.572 zMD — 0.
pitchMD - 0.  yawMD = 0. rollMD — 0. ®F1 = 0. yF1 = —0.665 zF1 - 0.
pitchF1 - 0. yawFl = 0. rollF1 - 0. ®F2 =0, yF2 = -1.1984 zF2 - 0.
pitchF2 = 0. yawF2 = 0. rollF2 = 0. IR = 0. yvIR = -1.6936 zZIR = 0.
pitchIR — 0. vawlR - 0. rollIR - 0. xIM = 0. vIM = -1.7699 zIM = 0.
pitchIM — 0. yawIM = 0. rollIM = 0. ®RM = 0. yRM - —2.3569 ZRM —= 0.
pitchRM — 0, yawRM - 0. rollRM = 0, ®TM = 0. ¥TM = —2.3568 ZTM =0,
pitchTM = 0. yawThM = 0. rollTM = 0. hGASD = 0. hGAS1 = 0. hGASZ = 0.

S U M C ON in Mathematica
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SIMULINK

Eigen Mode List

0.302Hz

Mor

LA

Resonance frequency
Eigen mode shape

sensing / Excitation point
Hardly seen/excited

(= r(“‘rr AL | r/(“r‘r‘
LAINNOL D Seell/exXCited

Eigen mode number

TypeB SAS model



Eigen Mode Shape

| | S | | #1 : YWholeChain #9 : PPayload
(PIM)
#2 : LFO ..
R #10 : TPendulum
I 11 11 [ I #3:TFO(
 TiVijoL {FO IV 1y i #4 : YFO ‘) #11: LpendUIum
#1 #4 #12 : Vpayload
0342H7 med  0.409Hz e 0547Hz  wore | #5 : YPayload (VF1, VF2, -VPayload)

#6 : YPaylaod #13:TMD
#7 : VPaylaod #14:LMD

(VF1, VF2, VPayload)

#8 : RPayload
#14 (RIM)

Rt _ ; ica - TypeB SAS model
spension ode sirucior \ 7_7_;///




Eigen Mode Shape

0.55Hz  More 0.574Hz  More 0.579Hz  More 0.589Hz  More 0.633Hz  More 0.648Hz  Mon

| #15 : YMD #21 : LTM
#16 : RF2 #22: TTM
. /l o)
PIM) #17 : PF2 #23 : PF1
#15 #18 #19 #20 | #18:PF1 #24 : GAS
fl].65?Hz More More E].?QEHZ More flJ.BIEHz Maore . ll.DD 1Hz Mori (VFI)
- - - (o #19 : Pendulum
#25 : PTM
#20 : Pendulum
T e #26 : YTM
$ j il (YTM, -YRM)
/A2 PTM 1

424 #25  #26 |
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Eigen Mode Shape

1.032Hz  ™ore 1.184Hz  More 1.185Hz  More 1.21Hz  More 1.213Hz  More 1.38Hz  More

#27 : YIR #33 : Pendulum
#28:TIM #34 : Pendulum
) #29:LIM  #35 : PIM, PRM
#3031 | g3z [(H#30:TIR  #36:VIM
pome s o ool #31:UR - #37:RTM
#32:YTM #38:VRM

(YTM, YRM)

#27

1.474Hz  More

TypeB SAS model



Eigen Mode Shape

50.551Hz  More  51.942Hz  More] 51.942Hz  More] 62.748Hz  More 97.285Hz  More 100.507Hz

#39 : VMD
#40 : PMD
#41 : RMD

.
4 4
v v

[ [ I |

w39 #40 w41 #43 #42 : RIM, RRM

126.75He b #43 : RIR
#44 : PIR

% /u #45 : VIR
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Force Transfer Functions

(, which can be measured, with No ctrl)

MATL Ty
_ Rt _ ; j 2 TypeB SAS model
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Force Transfer Function

LVDT_LFO/ actLFO

Transfer function from actLF0 to LFO

11 [— o

measurement |]

Magnitude

=l
=
T

Phase [deg|
o

|
=l
[=]
1

TypeB SAS model
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Force Transfer Function

LVDT_TFO0/ actTFO

Transfer function from actTF0 to TF0

)| = model
S| e— e asurement |

Magnitude

=l
=
T

P hase [deg]

TypeB SAS model
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Force Transfer Function

LVDT_YFO/ actYFO

Transfer function from actYF0 to YFO
10 R R R R R R R B R S S T ST R TR BT SR SR SR LS S
Fooiie SRR RSN \ _I-nodel
— iasurement |J

Magnitude

107 107 10" 10
180 T T T T T TS —————~ % ———————

=
=
I
|

Phase [deg]|
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Force Transfer Function

LVDT VFO/ actVFO

MATLAB
SIMULINK

Magnitude

Transfer Function Bode Plot from actVFO0 to LVDT_VF0

model

| — e gsurement

TypeB SAS model




Force Transfer Function

LVDT_VF1/ actVF1

MATLAB
SIMULINK

Magnitude

P hase |deg]

Transfer Function Bode Plot [l om actVF1 to LVDT_VF1

: model
|| —measurement

=
=
I

|
=]
=]
1
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Force Transfer Function

LVDT_VF2/ actVF2

MATLAB

SIMULINK / ] ] | TVPEB SAS model




Force Transfer Function

OSEM_LIM / actLIM

Transfer function from LIM actuator to LIM sensor
T T L R R ! T T T

L |
— model

#29 31 =
waa

10

Magnitude

#17

o
(=]
T

=

Phase [deg]

I TN A PR RIS

Frequency [Hz]

SIMULINK
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Force Transfer Function

OSEM_TIM / actTIM

Transfer function from TIM actuator to TIM sensor

T LS|
== model

107 b

Magnitude

SIMULINK / ] ] | 5 TVpEB SAS model



Force Transfer Function

OSEM _VIM / actVIM

Transfer function from VIM actuator to VIM sensor

oo | —model :
oo | e— e asurement m

Magnitude

TypeB SAS model

SIMULINK




Force Transfer Function

OSEM_RIM / actRIM

Transfer Function Bode Plot from actRIM to OSEM_RIM
107 T —— T ——
o [—mod
o 35 — edsUrement
10° #43
2 102
=
10+
10 i i
10 10”
180 T T T T e e
90
E;
E 0
T o
_|80‘ i i Pioiiqiil i --[.
107 10" 10"
Frequency [Hz]

SIMULINK
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Force Transfer Function

OSEM PIM / actPIM

Transfer Function Bode Plot from actPIM to OSEM_PIM

i | m— model
m— g asurement

A - #35

Magnitude

Phase [deg]|

swoine | QU ' ca [ TypeB SAS model



Force Transfer Function

OSEM YIM / actYIM

4 Transfer Function Bode Plot from actYIM to OSEM_YIM
J-OA T T T T T L L L |

: j#y o0 | = model
: #32 Donn | e—mgasurement

Magnitude

b=l
=
T

Phase |deg|

O ey
DR R R E N
SR ER R o
SIEE I SRS §55 .

107 10" 10°
Frequency [Hz]

TypeB SAS model
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Force Transfer Function

OSEM_LTM / actLTM

SIMULINK

Magnitude

Phase [deg]

Transfer function from LTM actuator to LTM sensor

T TR OO S e

L |
m—— model]

o | e— e gsurement

=)

E’l
]
T

180

=l
=
T
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Force Transfer Function

OSEM_PTM / actPTM

Transfer Function Bode Plot from actPTM to OSEM_PTM

m— odel
— e AsUTEMENT

/ #35

Magnitude
=)
I

107+
T |
107 1
180 .
%0l
E; L
E 0
~ o0 iaf
Y S I S I N S T TUR Y . BEEH
107 107" 10" 10' 10°
Frequency [Hz]
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Force Transfer Function

OSEM_YTM / actYTM

Transfer Function Bode Plot from actYTM to OSEM_YTM
IUL T T T T L T

Do model
[ | —measurement

Magnitude
=
T

(07 ] P S AU P U S S SN G B S P SO S S S SUPUURPE ST | NG IRs b

Phase [deg|
=
.
]

| I

107 10" 10" 10" 10°
Frequency [Hz]
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Force Transfer Function

OpLeV_PTM / actLFO

#9»

2

10

M agnitude

TIasC [ace]

SIMULINK

MATLAB | . . " _e / TypeB SAS model



Force Transfer Function

OpLev_YTM / actYFO

Transfer Function Bode Plot
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Force Transfer Function

OpLev_PTM / actPIM

Magnitude

Phase [deg]|
o
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Force Transfer Function

OpLev_YTM / actYIM

Magnitude

Phase [deg]

10° 10" 10
Frequency [Hz]
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Spectra

without control
using 90 percentile seismic noise

_ Rt _ ; ica TypeB SAS model
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< 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.
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Frequency (Hz)

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



Spectra without ctrl

TM displacement : H and V 1%

TM displacement : H + V 1%

Mirror displacement with No Control

Horizontal
— —  Horizontal(rms)
Vertical 1%

Vertical 1%(rms) |

— —BS req.(BRSE)

Total Mirror displacement with No Control

S ...... ...... — —-BS req.(DRSE) |

g8 T T ; Towl
| =— —-Total(rms) :
| ——-BS req.(BRSE) |

| = SR req.(BRSE) |

- | —=—+BS req.(DRSE)
..] = SR req.(BRSE)
—— SR req.(DRSE) |

| —— SR req.(DRSE) |

Magnitude [m/rtHz] or [m]|
Magnitude [m/rtHz] or [m|]

10'20—----RMS dlsplacement
04um - |

'1.8¢: 18um. 'f tHz.

Frequency [Hz]

MATLAB
SIMULINK
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Spectra without ctrl

TM velocity : H and V 1%

Mirror velocity with No Control

Horizontal
— — Horizontal(rms)
Vertical 1%

TM velocity - H+V 1%

Total Mirror velocity with No Control

S Total :
-+ | ——-Total(rms) |

Vertical 1%(rms)

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

]

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

 RMsvelocty: AL
035um/sec

1072 R R R R I R I Rt T R R R I R
107 10" 10’ 10" 10’ 107 10~ 10° 10’

Frequency [Hz]
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Spectra without ctrl

TM Pitch An ‘gular fluctuation

Mirror angular ctuation (Pltch} with No Control

10> ko S B T —Pm.h .
= “ TM Pitch fluctuation
TN RS excited by Longitudinal GND motion

Magnitude [rad/rtHz] or |rad]
=
!

RMS angular fluct.. 3
068urad AN

MATLAB
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Spectra without ctrl
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Control Simulation Results
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SR ET N  In “Lock acquisition” phase
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S EE N In “Observation” phase
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Q factor in damping control

0.658Hz  More

Simulated result Measured result

5 Frequency vs Damping Time 10% ¢ ——rr — — — T
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Impulse response
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