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1. Introduction
iKAGRA PR3 SAS ( = Type-Bpp SAS ) l E ? | (]

Bottom GAS filter (BF)
<—Traverser

Intermediate mass (IM)
Intermediate recoil mass (IR)

Test Mass (TM)
Recoil mass (RM)
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Sensors & actuators for active control ( in iKAGRA )

Optical Lever (Oplev) Linear Variable Differential Transducer
-> senses angular motion of the optic (LVDT) /

Light
source

cantilever
blade

suspension
wire

Keystone
to payload l

clamp

fig. by T. Sekiguchi

Quadrant - senses & actuates position of keystone
Photo

Detector
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Sensors & actuators for active control ( in iKAGRA )

e

Optical Sensor and
Electro-Magnetic actuator (OSEM)

- senses & actuates relative position
of mass and recoil mass

Shadow

actuator y

mmmmm
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Assembly
October 2015 - February 2016 ( test hanging & installation at Kamioka )

Frequency response is get along with the simulation?
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2. Performance test ( measured on 23-25, May, 2016 )

G727
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Damping phase # Lock acquisition ‘ Observation
phase phase
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2-1. Damping performance test

All the resonances can be damped within a short time with active control ?

0.156Hz Mo  0.43Hz Mol  0.47Hz Mo  0.52Hz  Mord  0.527Hz  morel  0.659Hz  wen
U |- U U 1
066Hz Mol 068Hz Mol  0.844HZ Waw  LO3HZ ew  1036HZ Ml i 0og,
A TR S T T
| | | 4| | [ | ]| /””1
- [ ]
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2-1. Damping performance test

All the resonances can be damped within a short time with active control ?

0.156Hz Mo  0.43Hz Mol  0.47Hz Mo  0.52Hz  Mord  0.527Hz  morel  0.659Hz  wen
U |- U U 1
066Hz Mol 068Hz Mol  0.844HZ Waw  LO3HZ ew  1036HZ Ml i 0og,
A TR S T T
| | | 4| | [ | ]| /””1
- [ ]
] O

.Resona\.n.ces to I:.)e.taken (I:a.re (< Zd Hz) -> 19 modes

Requirement in this test : 1/e decay time < 1 min.
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Implemented control loops

< GAS :
DC control, with LVDT

IM-IR:
Damping control, with OSEMs
(~ 10 Hz cutoff)

TM-RM:
Freely
suspended

Cmmm———————
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Measured damping time: Control ON vs. Control OFF

Measured Model

Measured 1/e decay time with and without controls

1/e decay tlme W|th and W|thout controls
105 L B e ® ¢ Control OFF (measured) | 106 .__U-""”Z =] _____________ e o Control OFF ~__
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Measured damping time: Control ON vs. Control OFF

- Actual feedback filters can be different from A
the simulated ones, due to actual Q factors.
“l |
- notch? damping control cut-off frequency? .. e
- Filter tuning at the site would be needed.

2. To damp optic & recoil mass motion,
sensing the optic motion is needed.

To be investigated: More than 2, 3 min (IM Ctrl-ON)
- Is oplev available even just after large disturbances ?
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2-2. Residual vibration _
Damping phase Lock acquisition Observation

phase phase

Model vs. Measurement
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Seismic noise of Kamioka (on 2016.5.10)

Measured seismic noise of Kamioka site
L ' L L L L L | ' oot T '

107
' — Kamioka High _
L - = Kamioka Low E
' — Kamioka on 2016.5.10 (NS) |
-5
e T — Kamioka on 2016.5.10 (WE) [
o6 | — Kamioka on 2016.5.10 (V)
"qN [ .
P L e A L R e —
) |
S 1wl N N ]
£ |
o |
S 107 freeeeeeeeeencbe e T
101 _ .......................
101 |
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Frequency [Hz]

In following calculation,
seismic noise measured on 2016.5.10
is considered (blue one).

cf.)
Following measurement was done

on 2016.5.24.

Face to face meeting, 8th December, 2016



Angular fluctuation of the optic (Pitch) O Resonance frequency

Model (based on20 16.5.10) vs. Measured (on 2016.5.24) X 0.2~ 0.4 Hz structure
. - depends on seismic noise

X Q factor (without control)
- lack of modeling

. |

107 , , .

B3 Rl

10 ~~m~~m~~m~~m~~m~~¢.T:5§S§; -----
-> At least, about RMS,

Simulation > actual behavior

o

Control OFF (Model) : 4.4 um
i Control ON (Model) : 0.7 um

Amplitude [rad/rtHz]

fury

o
"
=

Oplev noise |
.........5....(,3ea\.'sgn,_'3)._: Control OFF (Measured) : 0.37 um

T Control ON (Measured) : 0.10 um

10-11 _________________________________________é_________________________________________E______ R e
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Expected fluctuation of the optic

Magnitude [m/rt Hz]

Y
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i i
10° 10% 10°

Frequency

Control OFF : 0.5 um (RMS)
Control ON : 0.3 um (RMS)

Magnitude [m/s/rt Hz]
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. i i ]
10t 10° 10t 10?2

Frequency

Control OFF : 1.7 um/s
Control ON : 0.8 um/s
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2. performance test :

Measurement vs. Model

1. Actual Q factors < predicted Q factors (of free swinging)

= Some simulated servo filters can be modified at the site.
2. Sensing TM motion is needed, in damping phase.

-=> should be investigated if oplev is available in the damping phase.
3. Resonance peak = model describes the actual behavior.
4. Actual RMS < Simulated RMS.

Using more sensors would be useful for more detailed characterization..
( Seismometers, length sensor for Longitudinal motion of the optic, etc .)

- Updates would be updated soon. Type-Bp SAS would tell us much more information.
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“iIKAGRA data”, which I'd like to include: L

—> Data for characterization of the iKAGRA PR3 SAS.
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Back up
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Other Type-Bpp measurement
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Angular fluctuation of the mirror (Yaw)

Measured
10 Measured angular fluctuation of the mirror (Yaw)
' | | —  Control OFF
1075 [eeeeem et — Control ON g
' § § - - Control OFF (RMS) |]
106 Lo N A P — - - Control ON (RMS) |
107 "

' RMS values

108 |

1079 |

Control OFF (Model) : --- urad
Control ON (Model) : --- urad

Magnitude [rad/v Hz ] or [rad]

10710 :—

10-11 _

Control OFF (Measured) : 0.63 urad
- 5 5 5 Control ON (Measured) : 0.040 urad
10'12 e . e . e

107 10 10° 10! 102 \ /
Frequency [Hz]
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Displacement fluctuation measured by TM-OSEM (Longitudinal)

I\_/Iodel VS. Measur(_ed

107

1078

Modeled _ Bl
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—
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‘ _ TM-OSEM noise
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T B |

Control OFF (Model) : 0.27 um

TM-OSE Control ON (Model) : 0.049 um
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11 :
L R A Lo

), A& .

, IM-OSEM noise Control OFF (Measured) : 0.027 um
v (modeled)

107 . ' Control ON (Measured) : 0.016 um

i i .
1072 10* 10° 10t
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Angular fluctuation measured by TM-OSEM (Pitch)

Model vs. Measured

10

- Angular fluctuation measured at TM OSEM (Pitch)

=== Modeled Control OFF
== Modeled Control ON
Modeled TM-OSEM noise |
Modeled IM-OSEM noise
Measured Control OFF

Measured Control ON

B T

- '
107 _.'_\ A e 1N i
- ' ¥ Lk
."""--;-..,.___’. "'Ir,,. 11

108 R o

—

Magnitude [rad/v Hz ] or [rad]

RMS values

-\ | Control OFF (Model) : 7.2 urad
O 22 WY 1 Y Y N Control ON (Model) : 1.1 urad
| T Control OFF (Measured) : 0.29 urad

| i | N Control ON (Measured) : 0.11 urad

107 10* 10° 10t \ J
Frequency [Hz]
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Angular fluctuation measured by TM-OSEM (Yaw)

| or [rad]

Magnitude [radf+ Hz

g1 _...........................................................i............................................................i............................................................i........................................._

10°

Measured

Angular fluctuation measured at TM OSEM (Yaw)

— Modeled Control OFF

— Modeled Control ON
108 _____________________________,_____________________________E________________,__.__..___.______..__.__.__.._._.______.___i__._................................. == Modeled Control OFF l:RMS} _-
i ; == Modeled Control OMN (RMS) ]

10% __...........................................................:............................................................:\...........................................................:........................................._

1o e

H ~4_ R

10 __...........................................................E............................................................E............................................. T

H 5K °F

10° 10t 107 10t

Freguency [Hz]

\

7

RMS values

Control OFF (Model) : ---
Control ON (Model) : ---

Control OFF (Measured) : 0.13 urad
Control ON (Measured) : 0.052 urad

Y
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2-3. Type-Bpp at Kamioka
vs. Type-Blproto at Tokyo Mitaka

VS.
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Mechanical Q factor of free swinging : Type-Blproto vs. Type-Bpp

Measured
10° | Measured l/e decay tlme W|th0ut controls I
, ' ' o o Type Bpp (measured)
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Seismic noise : Kamioka vs. TAMA

Y

1073

Measured seismic noise
T

Magnitude [m/v Hz ]

=

(=]
3
T

10-12

at TAMA on 2015.10.16 Seismic noise of Kamioka on 2016.5.10

at Kamioka high noise
at Kamioka on 2016.5.10 (NS) was smaller than that of Tokyo,
at Kamioka on 2016.5.10 (WE)
at Kamioka on 2016.5.10 (V)

by ~ one order of magnitude at 1 Hz,
; by ~ two order of magnitude at 10 Hz.

102

H 5K °F

THE UNIVERSITY OF TOKYO

L
10°
Frequency [Hz]

10° 102

Face to face meeting, 8th December, 2016



Angular fluctuation of the mirror (Type-Blproto vs. type-Bpp)

Measured angular fluctuation of the mirror (Pitch) . .
T Measured angular fluctuation of the mirror (Yaw)

— \ﬂ I.'\l
T
: A A %wh%'t Bk
' RMS values | RMS values
Control OFF (TypeBlproto) : 7.0 urad Control OFF (TypeB1proto) : 37 urad
Control OFF (Measured) : 0.37 urad Control OFF (Measured) : 0.63 urad
 Control ON (Measured) : 0.10urad Control ON (Measured) : 0.040 urad
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Type-Blproto vs. type-Bpp

10

I
— Type-Blproto Control OFF

! T ]
: == Type-Blproto Control OFF {RMS) |
105 i ; — Tyepe-Bpp Control OFF
r — Tyepe-Bpp Control ON 1 | |
r -- Tyepe-Bpp Contral OFF {(RMS) |1 | |
I Tyepe-Bpp Control ON (RMS) 1
7 : : :
- / : :

RMS values
Control OFF (TypeBlproto) : 0.31 um

Displacement fluctuation measured by TM-OSEM (Longitudinal) m
Longitudinal fluctuation measured at TM OSEM
AT

=
(=]

Magnitude [m/v Kz | or [m]
=
o

=
(=]
"

10 _____________________....._._..._._.....___......___.........E............................................................i.----------.----------------------.----------- .- o

| Control OFF (Measured) : 0.027 um
L e COntrol ON (Measured) : 0,016 um

12 I 1 1
102 10t 10° 10t
Frequency [Hz]

0.3 Hz = 0.4 Hz : Caused by the suspension point difference of the IM
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Angular fluctuation measured by TM-OSEM (Pitch)
Type-Blproto vs. type-Bpp

Angular fluctuation measured at TM OSEM {Pitch)

_— Tlr,,.rp:e-IBIlplrclvtn Cnntroll OFF I I RMS va I ues

== Type-Blproto Contral OFF {RMS)
— Tyepe-Bpp Control OFF

— Tyepe-Bpp Control ON

== Tyepe-Bpp Control OFF (RMS)
== Tyepe-Bpp Control ON (RMS)

1o#

Control OFF (TypeB1lproto) : 4.0 urad

ol =Y

Control OFF (Measured) : 0.29 urad
Control ON (Measured) : 0.11 urad

1|]-" N e N .-l o SOOI g . e

: .
108 _4 B 4711 TN NN L s

Magritude [rad!' H= ] or [rad]

10 , , o , , R | , . ]
104 10t 107 10t

Freguency [Hz]

0.3 Hz = 0.4 Hz : Caused by the suspension point difference of the IM
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Angular fluctuation measured by TM-OSEM (Yaw)
Type-Blproto vs. type-Bpp

10° . — AnguIilarflucltuatlionlmgalggrgt!l at TM OSEM (Yaw) — RMS values

—  Type-Blproto Control OFF

== Type-Blprote Control OFF (RMS) ]
— Tyepe-Bpp Control OFF

10® _i} — Tyepe-Bpp Control ON _ Control OFF (TypeBlproto) . 0.83 urad

== Tyepe-Bpp Control OFF (RMS)
== Tyepe-Bpp Contral ON (RMS) 1

10 .

Control OFF (Measured) : 0.13 urad
Control ON (Measured) : 0.052 urad

[
=]

[
(=}
i

Magritude [rag)y H:] or [rad]
[
=]
w

101 _...........................................................E............................................................E............................................................E........................................._

1 1 L 1 1 1 a1 L 1 1 L 1 PR S T | 1 1 1 1 1 PR R |
10% 101 10° 10
Freguency [Hz]
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No-controlled damping time comparison

% typeBlproto 1448 1790 j——> Can be suffered from
typeBpp 6585 the aluminum sheet.
% typeBlproto 2009
typeBpp 33905
i m
% typeBlproto 1295 2101
— typeBpp
% typeBlproto 2305 —>
typeBpp 1812 j_
i _m
g typeBlproto 18266
57 593 December, 2016




3. Summary

Performance test of iKAGRA PR3 SAS at Kamioka

The differences of p.22 can come from difference of
1. Seismic noise

2. Suspension points
3. circuits, power supply,.. etc.
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4. Introduction
bKAGRA PR SAS ( = Type-Bp SAS )

Add GAS

Add recoil mass
for BF

"!‘II!‘

Replace OSEMs to
wide cavity OSEMs

I

<€
Remove OSEM flags

Type-Bp SAS

[ = iy N NAC) Face to face meeting, 8th December, 2016
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Modification Standard GAS filter

Longitusinal displacement

20 SO . L L SO

I OSSPSR SRS SN\, |

Requirement
\ Type-Bpp SAS

Magnitude [m/rtHz]

107 —

=== Control OFF
=== Control ON
=== Requirement

| — Seismic noise on 2016.5.10
1078 L

Tvpe -Bp SAS

1
10 2 10t 10” 101 10°
Frequency [Hz]

Type-Bp SAS Purpose : improve vibration isolation performance.

e 4 51 K , Face to face meeting, 8th December, 2016
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Modification

Type-Bp SAS

e [y
THE UNIVERSITY OF TOKYO o Al

7

Bottom filter recoil mass

Purpose : reduce risk of breaking OSEM flags

Face to face meeting, 8th December, 2016




Controllability of Type-Bp SAS

e 4 51 K : , Face to face meeting, 8th December, 2016
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Control loops in damping phase

SF - GAS:
< DC +damping control, with LVDT
BF - GAS:
< DC control, with LVDT
BF-BR:
Damping control, with small LVDT
IM-IR:
Damping control, with OSEM
e TM -RM :
(Damping control, with Oplev & OSEM)
actuators

[ = iy N NAC) Face to face meeting, 8th December, 2016
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Requirements for control

] ] Damping
Making servo filters for the each phase . ~
1. Damping phase > Requirement .
. 1. Damping time < 1min.
2. Lock-acqmsmon phase 2. RMS displacement (L) < 50 um
3. Observation phase 3. RMS displacement (T, V) < 1 mm

4. RMS displacement (P, Y) < 50 urad

\ J

[ = iy N NAC) Face to face meeting, 8th December, 2016
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Simulated damping time: Control ON vs. Control OFF

Model
_ lle dgcay .t‘.'.*?.e Wi.th.a.n.d. Ivl\.l*itholutl CF’.”FFF"S -
10 _ ______________________ _____________ e o (Control OFF i GAS : DC
: § e e Control ON . 1
105 _. __________ - Requirement (1 min.) ] IM . Damplng (IlVIOSEIVI9 IMOSEM)
| ° o Q = 1000 . .
T — S . 0=10 | If oplev is not available...
E 103 oo . _____ .._:_!_. .. .................. . ............ ®.-- ]
E : o 5;'. e P
710t S . ] I
m =~ ' i
T Tis ® ; i :
@ SRS RN S R ® o]
~ 100 .. o e !& O :
L T = .' ------------------- 252 sec 198 sec 609 sec
101 _ ______________________ ______________________ Hh*mﬁh ______________________
o a ; a R To be investigated :
107 10! 10° 10! 10° 10° if oplev is available just after large disturbance.

Frequency [Hz]

51 K Face to face meeting, 8th December, 2016
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Simulated damping time: Control ON vs. Control OFF

Model

1/e decay time with and without controls

10° _ ______________________ _____________ e e Control OFF 1  GAS :DC
: Control ON .
| P T | IM : Damping (IMOSEM—> IMOSEM)
105 Feremeememmereem e, A — Requirement (1 min.) | .
; oo Q = 1000 TM : Damping (TMoplev > TMOSEM )
104 I R o i -- Q=10 i
(%) ¢ : ; ;
Q . . . .
PRl L e ot ?:. .................. S ., ......................
£ % IR
% 102 _Hﬂ“x‘ ____________ .‘. _______________ * __________________ . . ___________________ I
S Tl ey ® E
w . : : '
S 10T proees . _‘.:: """"""""" T
L T 0 e — R 198 sec
| o TNl &
1071 b e L H"“k ______________________
-2 | | 1 T ) o~
10 102 10 10° 10? 107 10°

Frequency [Hz]
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Control loops in lock-acquisition phase

MININEE

GAS :
DC control, with LVDT

BF-BR:
Damping control, with small LVDT

IM-IR:
Damping control, with OSEM
(only L, T,V, R)

T™ - 1IM :
DC
+ damping control, with oplev & IM OSEM

actuator
(Servo_lock5)




**(FINBETEITBE. ERIEL
~ 7, 8 um/sec FZ2EIzDT.
MEFIF5um/sec IGREU,

/

Requirements for control

Making servo filters for the each phase g )
. Requirement /
1. Damping phase >
PINg p g 1. RMS velocity (L) < 5 um/sec.

2. Lock-acquisition phase 2. RMS displacement (T, V) < 1 mm

3. Observation phase 3. RMS displacement (P, Y) < 2 urad

4, L J
. d .

(Maximum power of actuator)X RMSF“;‘;I;(‘)’LW > Mx(RMS velocity)
4* 0.129 N/A * 136e-3 A 10 kg

- RMS velocity < 8.1 um/sec

O T —
A NN NN NN NN BN NN NN NN BN B B NS B B

http://gwwiki.icrr.u-tokyo.ac.jp/IJGWwiki/KAGRA/Subgroups/VIS/ActuatorDesign

[ = iy N NAC) Face to face meeting, 8th December, 2016
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Longitudinal displacement fluctuation with “KamiokaHighNoise”

Model

Control noise coupling during damping phase
10 ; T ] ; T T ; L L A L

Magnitude [m/rtHz]|

|| = OSEM noise
10 7 H === GAS control noise
EF2 LVDT control noise
Oplev control noise
m— With control total
10 7 || = No control
= == With control total RMS
= == No control RMS
_I'EQUil'EIHEHI S : A A
i i | I i [ | i i A T T A | i i I R R R
10" 10" 10' 10°
Frequency [Hz]

e J AL AN /N T NAS n December, 2016
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Angular fluctuation (Pitch) With “KamiokaHighNoise”
Model

Angular Fluctuation of the Mirror

;| e N control

| ==——=F2 LVDT noise
:| === 0OSEM noise

5 Oplev noise
total with control |7
: no control RMS
| === == with control RMS 5

Magnitude [rad/rtHz] or [rad]
o

il
10"
Frequency [Hz] h December, 2016

C_ ¥ THEUNIVERSITY OF TOKYO Obsanvatory of Japan



Longitudinal velocity fluctuation with “KamiokaHighNoise”
Model

Velocity of the Mirror

10" R —
.| e N control
|| m—— OSEM noise
B . | == == GAS noise
10 ti| e E2 LVDT noise
e Oplev noise ]
| —WWith control total |-
10° & - No control RMS
| me= m= With control RMS |3
- 10’
=
g L
?t 10" SERES
P
£ 10
=
E
107"
10"
10 °C - T | | j
10~ 10 10 10 107

) Frequency [Hz]
o Eotcorasn |, December, 2016
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Control loops in observation phase

D

GAS :
DC control, with LVDT

BF-BR:
Damping control, with small LVDT

IM-IR:
No control,

T™ - 1IM :
DC
+ damping control, with WFS & IM OSEM

actuator
(Servo_obs3)




Requirements for control

Making servo filters for the each phase . ~
. Requirement
1. Damping phase
PINg p . g 1. Displacement (L) < 1e-15 m at 10 Hz
2. Lock-acqmsmon phase 2. RMS displacement (L) < 70 um
3. Observation phase 3. RMS displacement (T, V) < 1 mm
4. 4. RMS displacement (P, Y) < 2 urad

[ = iy N NAC) Face to face meeting, 8th December, 2016

(:_ ’ THE UNIVERSITY OF TOKYO



Longitudinal displacement fluctuation With “KamiokaHighNoise”

Model

Control noise coupling during damping phase
10 ; T T ] ! T T ! A

Magnitude [m/rtHz]

|| = OSEM noise
10 7 H === GAS control noise
E2 LVDT control noise
WES control noise
0 m—— With control total
10 * | e N0 control :
= == With control total RMS
= == N0 control RMS
s requirement Do : A
i FR T S S A | i N R S N N A i I R S S I A A
10~ 10" 10"
Frequency [Hz]

R vl Eoaes December, 2016
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Angular fluctuation (Pitch) With “KamiokaHighNoise”

Model

Angular Fluctuation of the Mirror

| e N control
1| =——F2 LVDT noise
s ()SEM noise
5 WES noise
total with control |
no control RMS
= == with control RMS |

Magnitude [rad/rtHz] or [rad]

10"
Frequency [Hz] December, 2016



Longitudinal velocity fluctuation
Model

Velocity of the Mirror

s N control
1| m——— SEM noise
—— (GAS noise

5 :
10 g {| == F2 LVDT noise
o WES noise
| == With control total
10° No control RMS H

= == With control RMS 3

Magnitude |m/s/rtHz| or |m/s|
=

10 107 10° 10 10°
Frequency [Hz]
i TR T December, 2016
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Control loops in observation phase with IM-OSEMs (another option)

MININEE

GAS :
DC control, with LVDT

BF-BR:
Damping control, with small LVDT

IM-IR:
Damping control, with OSEM
(only L, T, R)

T™ - 1IM :
DC
+ damping control, with WFS & IM OSEM

actuator
(Servo_obs5)




Longitudinal displacement fluctuation With “KamiokaHighNoise”
IM = IR : If IM-OSEM damping controls are ON (for L, T, V, R DoF)

Model

Control noise coupling during damping phase Control noise coupling during observation phase

10 N S ] N R 10 N S ] I

“ VIM-OSEM

10°2h

Magnitude |m/rtHz|
Viagmitude [m/rtHz|
o
T

m—— OSEM noise
GAS control noise
F2 LVDT control noise
WES control noise
m—— With control total
10 7 1 = No control == == RIM—OSEM noise
= === \With control total RMS S : : oo s : SN No control
— — No control RMS I — — No control RMS
m— requirement oo : R : R — e quirement : oo
T FRN T S W W A | i i io0iiqil i T B A A | i P ST W T S I ]0‘34 A FE S A R | i i ioioio i il

10—2 10—] 10[} ]01 10° 10—2 10—] 10[} ]01 102

Frequency [Hz] Frequency [Hz]
(- ST 73N s % 3 L i L \
ﬁ_, THE UNIVERSITY OF TOKYO Bational Jetroriomicel

= (OSEM noise total

LIM-OSEM noise : Do
107 TIM-OSEM noise | .................
VIM-OSEM noise

]0—25 L

servatory of Japan



Magnitude [m/rtHz]

Longitudinal displacement fluctuation With “KamiokaHighNoise”

10 °

10°°

10

10

—30

—35

Model

Control noise coupling during damping phase

e OSEM noise
GAS control noise
F2 LVDT control noise
WES control noise

m—— With control total

| = N control

= == With control total RMS

= == No control RMS

— requirement oo

i i i 1 | i i i i [ |

10°
Frequency [Hz]

IM-IR:
If IM-OSEM damping controls are ON
(for L, T, R DoF)

Using OSEM would be available
only for type-Bp SAS though, maybe..

h December, 2016




Assumed longitudinal seismic noise

107"

e R - Kamioka High
= L _ RS TY ——— Kamioka Mean
I - Kamioka Low
£ 10 -eees NHNM/NLNM [
o ¥ bl Z LoD
.E. : : 'i':-é,‘ : : s
'E' -“:I‘E | Tmeaerel repct b, L P T
= . Lo . . . & . B
s == RMS=0.6um/s .
£ ' R - ¥
=107
B ::
=1 -
wl e A

ot L ¥
107 107~ 10° 10’

Fregency [Hz]

H 5K °F

C_ ’ THE UNIVERSITY OF TOKYO
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Y

#1 H#2 #3 #4 #5 #6
0.156H=z Mare 0.43H=z Mare 0.47Hz More 0.52Hz More 0.527Hz More 0.659Hz Mori
| ]| | | | ]| | | | [ ]

- -
#7 H#8 #9 #10 #11 #12
f-J.EEHZ More ﬂ-].EBHZ More F].BMHZ Hur\e- -1.ﬂ3Hz Mare II.UBEHZ More 1 099Hz -
| | | 4| ||| | /-‘/
/_/-”
- -

H 5K °F

THE UNIVERSITY OF TOKYO!

TypeBpp SAS

Eigen mode List : 24 modes

Face to face meeting, 8th December, 2016



Y

#13

1.099H=z

A0 T T
TS
= ]

=

#19

15.583Hz  More

#14 #15 #16 #17 #18
1.185Hz Mol 1.185Hz  Mord  1.391Hz  Merd  5.494Hz  Mere  11.37Hz  Men
A | T
| ] | ||| || |
+
#20 #21 #22 #23 #24

53.309Hz

a

73.134Hz

08.138Hz

/ /

101.476Hz

Al

More 1 24 871Hz

aTm

]

H 5K °F

THE UNIVERSITY OF TOKYO!

Face to face meeting, 8th December, 2016




#1 #2 #3 #H4 #5
0.1Hz  More 0.161Hz  More 0.325Hz  More 0.376Hz  More 0.414Hz  More

£
T

#6 #7 #8 #9 #10

0.459Hz  More 0.463Hz  More 0.612Hz  More 0.613Hz  More 0.618Hz  More

TypeBp SAS
Eigen mode List : 36 modes

e 4 51 K Face to face meeting, 8th December, 2016

THE UNIVERSITY OF TOKYO!



#11 #12
0.659Hz  More 0.659Hz  More
1 1
#16 #17
1.011Hz  More 1.017Hz  More

H 5K °F

(:_ ’ THE UNIVERSITY OF TOKYO

#13 #14 #15

0.849Hz  More 0D.9Hz  More 0.901Hz  More
11 i ik

#18 #19 #20

1.022Hz  More 1.186Hz  More 1.186Hz  More

Face to face meeting, 8th December, 2016



#21 #22 #23 #24 #25

1.261Hz  More 1.261Hz  More 1.351Hz  More 1.352Hz  More 1.369Hz  More
L[ 1| L1

#26 #27 #28 #29 #30

4.906Hz  More 11.611Hz  More 15.924Hz  More 48.97Hz  More 64.629Hz  More

e 4 51 K Face to face meeting, 8th December, 2016
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#31 #32 #33 #34 #35
78.843Hz  More 78.843Hz  More 97.094Hz  More 08.66Hz  More 100.617Hz  More

#36
126.38Hz  More

[ = iy N : Face to face meeting, 8th December, 2016
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