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Type B model in SUMCON

SUMCON Version:1.4

S UM CGN in Muathematica Q About SUMCON Version Info m

spension odel  struchor )
[

New Maodel Load Maodel Save Model TypeB_SEM_GAS_freq_IP_new_stiff_updated_20190209.m

Model Construction | Calculation Result | Export Model kel

odel Basic Information

Degrees of Freedom:
45 State Variables
6 Input Variables
3 Float Variables

Ground Position:
xg =0, yg =0, zg = 0. pitchg = 0. yawg —+ (0, rellg =10,

Equilibrium Point:

xF0 =10, zF0 = 0. yawF0 = 0. *MD = 0. yMD =+ -05719  zMD = 0.
pitchMD = 0. yawMD = 0, raliMD -0, xF1 =10, yF1 = —0.6652 zFl =10,
pitchFl = 0. yawFl = 0. rollFl =0, xF2 =10, yF2 = -1.2054 k2 = 0.
pitchF2 - 0, yawF2 =0, rollF2 = 0. «R =10, yIR = -1.708 R - 0.
pitchIR = 0. yawlR — 0. rollIR =10, M = 0, yIM = -1.7841 M = 0.
pitchIM — 0, yawlh =10, rolliid — 0. *RM =10, yRM = -2.3709 zRM - 10,
pitchRM — 0, yawRM - 0. rallRM — 0. XM =0, yTM — —2.3686 ZTM = 0,
pitch T —= 0, yawTM - 0. rellTh = 0. hiGASD - 0. hiGASL = 0. hiGAS2 =0,
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Type B eigenmodes (SUMCON)

0.054Hz More 0.146Hz Maore 0.17Hz Maore 0.297Hz More 0.313Hz More 0.315Hz Mare

TTT

0.352Hz Maore 0.383Hz Maore 0.384Hz Mare 0.544Hz Maore

HEE

And more...
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Magnitude [dB]

Phase [deqg]

Transfer functions of the system
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IP stage ZPK fitting to help with the design of active filters.
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Magnitude [dB]

Phase [deg]

Transfer functions of the system
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GAS Filter Chain ZPK fitting to help with the design of active filters. ,

74" JPS Meeting. Kyushu University, Fukuoka 14.03.




Magnitude [dB]

Magnitude [dB]

Transfer functions of the system

SR2 IM Longitudinal
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IM stage ZPK fitting to help with the design of active filters.
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Magnitude [dB]

Phase [deg]

Transfer functions of the system
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Mirror stage ZPK fitting to help with the design of active filters.
y
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Modifications and updates

Remote reset for stepper motor.

1 motor to rotate the chain in yaw.
3 motors at IP stage. 4
1 motor at FO GAS filter. |

1 motor at F1 GAS filter.

1 motor at F1 GAS filter. )

10
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Modifications and updates

Preventive measures:
* Model splitting of BS, SR2, SR3

and SRM.
* Down-sampling of the models.

SRM RTM
rate: 16K

|P stage

*GAS filter
chain

IM stage
*Optics stage

*BIO

specific

cdsParameters

KAGRA SRM top stage Model

Sample rate: 2K

ADCO
type-GSC_16AI64SSA

site=K1

rate=2K card_num=0
deuid=58 cdsAde
host=k1srm

cpu

ecific_cpu=6
adcSlave=1

- IP Stage. [pocn >
» GAS filter chain.

KAGRA SRM Payload Model

Sample rate: 2K

=
&
ADCO

& - type-GSC_16AI64SSA

r:ti;K card_num=0

deuid=59 cdsAdc

host=k1
Sp:;fiC_Cf:erTlS i I M Stag e .

adcSlave=1 i
cdsParameters [ ] Optlcs stage.
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Splitting real-time model of BS and SRs

DAC Glitches found at ETMY. Klog4072.

T Max Trend from 18-01-30-23-00-01 to [8-01-31-00-00)-() H H
S ‘ Glitches are a common issue
Ch 3: KI:VIS-ETMY BF DAMP Y IN1 DO Ch 6: KI:VIS-ETMY_BF_COILOUTF_H3_OUTPUT - -
oo n in high speed D/A converters.
. 15000 S0
2 2 | e
8I o | “ | | I | | | | | l| 8[ oo P S IR R, SR, A - ST .
o I | BREIEE Some causes:
5000 | | 1500
2000 18 =1
Ch 2: K1:VIS-ETMY_TM_OPLEV_TILT_YAW_OUT_DQ Ch 5: K1:VIS-ETMY_BF_COILOUTF_HZ_OUTPUT ° T| mesS kew betwee n b|ts Of
2000
- -
~ , l incoming data.
Z =™ %@mﬂ%%zﬂ& =
8 8 1000 FRPTEIY Y PO T RS TRV (UL TEUITIN RUru POPI A e | .
OI oo ! cl | - | I n WL
c c
o | | * Major- carry transition of
m‘lgtsl:l\?u:lim 2018-01-30 7302 24 MDIE-01-30 23 16 &8 MNEOI-I073 3102 MIE01-30 2345 3 MIE0N-31 000000 Hlilﬁ‘o:i‘-ﬂm MWIE01-302502 2 20180131023 M6 45 WIE01-3023.31 12 ME01-30 73 45 %6 M1E-01-31 D0-0000| bits.
Ch l: KI:VIS-ETMY_TM_OFPLEV_T TL.'!"_PH'_(JL’“J'EDQ Ch 4: KI:VIS-ETMY_BF_COILOUTF_HI_oOUTPUT
* Glitch-impulse
40

; Area, G, * Timing difference in the
operation of the switches of
the internal architecture.

Voltage (V)

no_conv.
4 o B
X

Code: 8000

Code: 7TFFF

ti;ne (s)
Study other solutions if
necessary...

Glitch-impulse = G,

12
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Modifications in the control scheme

OSEM
LED/PD

Input Matrix

Pre-fiter g Transformation

Electronics

Control
World Filters

Digital

Output Matrix
Transformation

Offset

Set point

Q > DC || Damp Plant | B
DC
Damp + 1 Plant
+ Dank
13
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Check of control loop stability

With the previous scheme it was easy to
check stability in Foton.

Offset

NN

Damp

Set point

ﬂ [ Transter tunction
o R B R B R B e e S
20E [ ——— current_out/ current_in =)
oE & e, E
2 Mo
8 i
& -60 =
3 E
5 80
k] -100 =
= =
-120 =
-140 =
-160 =
Plant 10° 107 107 1 10 102
Frequency (Hz) IP Longitudinal open loop TF
T0=06/02/2019 06:37:13 K1VISSRMT.txt
ﬂ [ Transter tunction
R B R B R B e e e
= ——— current_out / current_in B
- e
5 00 J\\/\j \ U
@ B F\JLL
z =
3 200 [~
+ E E
-300 [
-400 =
10° 102 10" 1 10 10?
Frequency (Hz)
T0=06/02/2019 06:37:13 K1VISSRMT.txt

DC

Damp

% Plant

The new scheme requires another way
to check the stability of the loop.

14

74" JPS Meeting. Kyushu University, Fukuoka 14.({ 3.2



Magnitude [dB]

Phase [degrees]

Check of control loop stability

Example: SR2 IP Longitudinal.

Controllers Controllers in parallel SRZIPLTF SRZIPLOLTF
50
60 - +HHiDE 60 - — Total 01 —— System —— Open loop TF
25 |
Damp —20 -
40
-40 %
20 4 40 -
—25
—60 -
07 —50 -
201 -80 - PM: 104.649 [deg]
—201 —75 - PM: 141.504 [deg]
—100 -
=40 1 01 120 —100 - PM: 88.907 [deg]
601 195 PM: 108.508 [deg]
—20 1 —140 7 PM: 114.593 [deg]
_80 B T T T T T T T T T T T T _150 T T T T
107 1072 10°1 100 10! 102 1073 107 1071 100 10! 102 107% 10°% 1071 100 10! 102 107% 107¢ 1071 100 10! 102
100 A 100 0l 200 1
=== D — Total —— System —— Open loop TF
Dam
50 1 p 50 T —25 100
—50 A
0 - 0 0
_75 -
—50 A —50 1 ~100 1 —100
L )
—100 A —100 1 =125 1 —200 1
—150 -
—150 - —150 b —300
—175 -
T T T T T T T T T T T T T T T T
107 1072 107! 100 101 102 1072 107 107! 107 101 102 107% 107? 107! 100 101 102 107% 107¢ 107! 107 101 102
Frequency[Hz] Frequency[Hz] Frequency[Hz] Frequency[Hz]

I5




Guardian updates

IHNEABLE GAs OOMNTROL | 102)

* Additional states.

» Snapshot to save settings at
different states.

* New control sequence:
IP — IM — Optics — GAS filters.

Il _DAMP_ENGAGEL 850)

* Differentiated ramp times for
engage and disable of the
controls.

TP_OR TROHL, NG (D S0y

ENGAGNG_IP_OOMTROL (31

Details in klog8151 and klog8212.

16
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T™M_DAMP_ENGAGED (100)

DISABLE IM_DAMP (72)

ENGAGING_TM_DAMP (91)

IM_DAMP_ENGAGED (5()

@GING_M_DMP an
MISALIGHED

IP_CONTROL_ENGAGED (60 ALIGNED
OL_COWTROL_EMGAGED
GAS_CONTROL _ENGAGED

TH_DAHP_ENGAGED
@ING_IP_CDNTRDL (51) TH_DAHP_ENGAGED

o 9

graph

edit

Chrelated

T IP_CONTROL _ENGAGED
SHFE a1 |
MASTERSWITCH_ON (41) INIT

NONE

153

SAFE [3{}}
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K1 Guardian: VIS_SRE2

DISABLE_ALIGN (153)

ALIGNED ( 160)

MISALIGHET

ALIGHET

OL _CONTROL _EMGAGED
GRS _COMTROL _ENGRGED
TH_DAHP_EMGAGET
IH_TRMP_EMGRGET

IP_COMTROL _ENGAGED
SHFE

INIT DISABLE_OL_CONTROL (132) MISALIGNED (161)
NONE

@LE_GAS_CDN[RD@ OL_CONTROL_ENGAGED (140)
ENGAGMG_{)L_CGNTR@
GAS_CONTROL_ENGAGED (120)
ENGAGNG_GAS_CDNIR{H_.(D

T™_DAMP_ENGAGED { 100)

DISABLE _IM_DAMP (72)

I3
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Damping of the modes stage by stage

Payload servo |«

GAS servo

IP servo

> disp. sensor J
> seismometer Sensors and active filter

R peyreer control used at each stage.
ﬁl [T 1 disp. sensor

Hi Payload
E >] optical lever

IP Control------=-==-==--====--=-----  Payload Control-----==========---
| o Damp ,
I L, Ty DC+Damp I 1
| = Iy |
| IP ! RPY :
! I :
——————————————————————————————— 4 I I
____________________ | |

GAS Control DC + Dams ' Damp :
! :

' I

: |

! 1

OpLev. | ﬂi M- Actuator

19




Damping of the modes stage by stage

SRM IP Longitudinal SRM IP Transverse SRM IP Yaw
14 100 5
10 101 4
04
—_- 10 — 107 R AT Y b
e o “gnaatads b e 2 e = 1013 T TNTNVMRSeg-----Coolzz
S S S
Z 10-14 2 2
FRCE e E e ol 'E 1071 ghEoisssomsroiioaitotd s PR R s s et =
o e o I o
10-2 Control off S Control off 10 Control off
RMS control off 10 RMS control off ‘ RMS control off :
—+— Control on : —s— Control on 1 —s— Control on 1
10~3 § =—- RMS control on ! 10-34 ——~ RMS control on : 10-3 - === RMS control on :
1072 101 100 10! 1072 101 10" 10! 1072 101 10" 10!
Frequency [Hz] Frequency [Hz] Frequency [Hz]
SR Mirror Pitch SR Mirror Yaw
10?2 3
102 § . .gn
Only IP stage with position
10! 5 1]
107 geeas t control on.
o - — g a8
- 10 L 10° £HEESES "'“;"'"““".":
%;s 1071 g § i
2 2 10711 Angular fluctation of SRM.
o o n
£ 10724 g 2] Pitch: 10.3prad --> 1.17prad.
Control off Control off
1073 4 RMS control off 10-3 - RMS control off YaW: 24-4“ rad --> 1 -1 Sprad .
—+— Control on ¢ Control on !
10-% 4 ——- RMS control on : 1044 """ RMS control on 1
1072 101 100 10! 1072 101 10° 101
Frequency [Hz] Frequency [Hz]

20
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Magnitude [-] Magnitude [-]

Magnitude [-]

Damping of the modes stage by stage

SRM IM Longitudinal

10-1 §
10-2 4
1073 4
104 4

1075 3

Control off
RMS control off
Control on

RMS control an |

T T T T
10-1 10°
Frequency [Hz]

SRM IM Transverse

10°
10—1 E
10—2 p
10—3 p
10—4 -
10—5 -

Control off
RMS control off
Control on

RMS control on

T T T T
10-1 10°
Frequency [Hz]

SR Mirror Pitch

10! 1

10—1 4

10~

Control off
RMS control off
Control on

RMS control an

T T T T
10-1 10°
Frequency [Hz]

Magnitude [-] Magnitude [-]

Magnitude [-]

SRM IM Pitch

Magnitude [-]

Magnitude [-]

107 1 \
10-2 - Control off 7 PR—ge L
RMS control off
—— Control on
107* 7 --- RMS control on !
T T T T
102 101 100 101
Frequency [Hz]
. SRM IM Vertical
10
1071 1 \
10-3 1 Control off | PR—gaaaoao
RMS control off
; —— Control on
107 7 ==~ RMS control on |
T T T T
10-2 10-1 107 101
Frequency [Hz]
SR Mirror Yaw
10! 1
Lt
10-1 - Control off
RMS control off
10-7 - * Control on

=== RMS control on i

T T T T
10-2 10-1 107
Frequency [Hz]

SRM IM Roll
lOD -
10-1 4
102 3 Control off
10-3 1 RMS control off
—— Control on
10~* 3 —=- RMS control on
T T T '
10-2 10-1 100 101
Frequency [Hz]
SRM IM Yaw
107 §
10713 ——o ———
10-2 4 Control off
_3 RMS control off
10 —— Control on
10-4 4§ ——- RMS control on

T T T T
102 10-1 100
Frequency [Hz]

IP and IM stage with
controls on.

Angular fluctation of SRM.
Pitch: 10.3urad --> 3.3urad.
Yaw: 24.4purad --> 0.4purad.

21
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Meeting the requirements

1. Calm-down phase

Requirement:
- Decay time <1 min.

Settled

f2. Lock-acquisition phase

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

Large disturbances

Interferometer
locked

3. Observation phase

Requirement:
- Low control noise at >10 Hz

Angular fluctation of SRM.
Pitch: 10.3prad --> 1.17prad.
Yaw: 24.4purad --> 1.18urad.

4

Angular fluctation of SRM.
Pitch: 10.3prad --> 3.3purad.
Yaw: 24.4purad --> 0.4purad.

We need to work on the tuning of the controls.
Double check the lock-acquisition phase requirements
using the recently implemented control scheme.

74" JPS Meeting. Kyushu University, Fukuoka 14.03
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Ongoing: Decay time measurements

SR2 Decay time

107 -
] [ ]

-—- Requirement 60 [s]

102 - 0 "

101 + .
] ]

Decay time [s]

10° 1

lD_]' T T T T L | T T T T L T T T L T T T T T
102 1071 10" 101 102
Resonant frequencies [Hz]

We still need to complete the list of all the modes and we
also need to measure the decay time with the controls on.

23

74" JPS Meeting. Kyushu University, Fukuoka 14.03.2 '



KACRA  Fyture Work (February) NAC)

tngp

Hardware Controls
 Debug remote switch  Implement IP stage inertial
for stepper motor damping (geophone). *
drivers. v
 Revisit optical lever and
* Revisit length sensing GAS filter controls. * /
oplev. v

 Coupling cancellation
filters for payload. *

Characterization

« Sort out Guardian for
. IM stage Type B suspensions. ¢

diagonalization. * _
Real time model

* Include signal from

Geophones. * « Split the models of SR2 and

SR3 suspensions. ¢
24
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N o Buxss 4
KACRA Remaining Work NAC)

Q_/ Nto IAtoom |
Characterization Controls
« |M stage * Implement IP stage inertial
diagonalization. damping (geophone).
* Include signal from * Revisit optical lever
Geophones. controls.

« Coupling cancellation

Documentation filters for payload.

« Type B suspensions
paper.

25
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m EnEve

e ‘['
L_/ National Astronomical
Observatory of Japan

Thank you!

26
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Extras
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Cross-coupling on the IP stage

Unlike the ideal system, the

suspensions exhibit cross-coupling #2, 3 IP Translation 47 IP Rotation

in their stages. It is necessary to (0.063 Hz) (0.31 Hz)
decouple the DoFs.

o b

28
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IP frequency tuning

But first...
Add mass on the IP table to get a

lower resonant frequency.
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Actuator Sensor

Sensors and actuators of the IP at different positions 30
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Damping of the torsion mode (#1)

#1 Wire
torsion
(0.054 Hz) FO N-pole S-pole
P — H u
[ 1|
— 1 Eddy current
damper

F1
Conductive
plate

| Lower Stages

High quality factor. Long decay time.

Torsion mode is passively damped by the
eddy current damper.

31
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Damping of the torsion mode (#1)

Y Adjust the height of the
MD by lifting the rods.

h
T

Change distance between
MD ring and SF to tune the
damping for this mode.

Measure motion of the
mirror with the optical
lever.

32
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Damping of the torsion mode (SR3)

Torsion mode of SR3

-—- mode # 1
60 —— decay time mode # 1
fitting mode # 1 Decay time <60[S]
407 Freq. Simulation:
0.054 [Hz]
E 20 ~
= Freq. Measured:
§ m\\xhﬁ_ 0.055 [Hz]
E 0- AAA N‘ﬁ. AN AN
S
_2{] =
_4{] -
tIII 2I5 5:[]' Tr‘l'j l[I}D ll; 5 lSID lTIr‘E
Time [5]

33
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Type B eigenmodes

#1 Wire torsion #2, 3 IP Translation #7 IP Rotation
(0.054 Hz) (0.063 Hz) (0.31 Hz)
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Large disturbances

Requirements

1. Calm-down phase

Requirement:
- Decay time <1 min.

Settled

2. Lock-acquisition phase

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

Interferometer
locked

3. Observation phase

Requirement:
- Low control noise at >10 Hz
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Analog-Digital diagram

OSEM : : Input Matrix
| ED/PD Electronics Pre-filter Tearstormation

Digital Control
World Filters

Output Matrix

Electronics Post-filter :
Transformation
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GAS (Geometric Anti-Spring) filter

74" JPS Meeting. Kyushu University, Fukuoka 14.03.2019

(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.
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IM OSEMs and TM coil actuators

6 OSEMs at the IM stage

%j. e - J % i ;F o« (sensor and actuator).
|| (& B L L] - & — 8

4 Coil actuators
at the optic stage.
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