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KACRA  KAGRA control network design

Computer center GPS antenna | ~ Metal cable
5 — I " Fiber cable
ata storage |—|!'
= = |
| i (S S e S '
Outside Dy ' iy
j Client workstations : |m|tng !
master I
|
ITMX  ETMX

Front room

M

FIEHE SRy T—2  H#HZ RSV R/NDEIE
- Long reflective memory
- Short reflective memory

BEHBEELRYNT—0 BRIGT—3E
- Myrinet

Short RFM
network “

3km
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KACGRA  KAGRA digital system test

1. Stand Alone (STDA) system test from FY2009~
— CLIOFE =T IEZA L AT LDEKRIT AL done
AyO7o4030 Hlill. ROVTMIKBMET A AV, ) TL—3>
e ADC, DACD/AR/INTH—I VR
— Y ITORTLADERF: being continued
2. Small network test in FY2011: done
— BHEDVT VA LEEBEZEN-RYET—OT Xk
YT ILAA LFIEHYES . EPICSIES . EHKET—4
— EHETEH DR

3. Large network test in FY2012, FY2013: being continued
— H—N\—FDEE
* 1 boot/nfs, 1 data concentrator, 2 NDS, 2 frame writers, 2 gateways
- KYEHLGHRINT—D
- WEEVESHOER
- R
4. Full system in FY2014-
- ERDOHIRADARXL—IL
3kmD T
Y IO RT LEDEBOER
—  FEET O HIE
— S00TBFEEDT—HRIL—D
- tE¥alTq—



KACRA 22 ()& %k

Stand alone | Small Large Full system

system network test | network test

FY2010- FY2011 FY2012, 2013 | FY2014~
~7 ~25

Real time PC 1 2

IO chassis 1 0 ~7 ~25
Servers 0 1 8 8
ADC 1 2 ~10 ~70
DAC 1 0 ~10 ~35
Binary Output 1 0 ~10 ~100
Long Reflective 0 1 3 3
memory switch

Short Reflective 0 1 3 5
memory switch

DAQ memory switch 0 1 4 4
Timing switch 0 3 3
IRIG-B switch 0 0 1 3
Data storage 1TB 2TB ~20TB ~500TB

FF: FFEEA
%= |8IEmMm
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KACRA Network design

o

RFM RT control signal: very low latency

DAQ GW data: huge amount, low latency
Timing: Synchronization for all RT PC and ADC/DAC

TCP/IP: EPICS, NFS, network boot

GPS antenna

S A

Mozumi
Entrance

P bl TS

P >
/GW New buiIding\\ &
/" (Hokubu-Kaikan) "\
DR e &

2~ New Atotsu
Seee Entrance

7

i Remote

= control  bKAGRA: 1PB/year
% 7

\ /4
/2
y4
\\

< . .
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STDA digital control system for Pre-Isolator

Real Time PC

/~
!

ARt Alias

Anti Image ="

Time series

500 =T e e e e e e e e e e e T e e e e e e o o e o
- X1:X15-ADC_FILTER_00_IN1 i =
00 =
300 -
E 200 - E =
k=) 100 = o hiepbeedpe sy P St -
”n - E -
0 i =
100 § U i U -
200 A -
S | S O N N R B
0 11 20 30 40 50 60
Control ON Time ()
T0=01/02/2012 09:44:22 Avg=1
KAGRA XIVIS_ETHX_FO
0 &0 X_IN = ¥_ouT ETHK Fo
_" 2,465 %._.:Pl._ 2,465 |
v X TEST ; Test ON
[Hsensor Inputs 0.000 0000w -1.137
VHITENING 0,000 0,000 1,000 TH ON | TH OFF 5000 m
——E— 0,000 =
— |
HT OFF WHT ON YN s ¥_out
=3 " -6.264 h‘.ooo ._.:l_ 6,260 = -8.517
¥ TEST - Test O
— 0,000 0000 = .00 |
:I'A 0.000 0,000 1.000  THON | TH OFF
\HT OFF UHT ON R 0,000 = W)
FR] = 20T
1,494 h.ooo >_4:Pl_ 149 000 |
2 TEST ; Test ON
0.000 0,000 -
0,000 0,000 1,000 TH ON | TH OFF -
LI 0,000 000 |
PIT_IN s PIT_oUT
= h 1,175 000 D= 5 1,175 = Ch ™
pi7 TesT  CHPIT Test 0N
0,000 0,000
0.000 0,005 1.000  THON | TH OFF 000 |
[ T 0,000
YAUIN Do YAU_OUT | 7,935
5.409 w000 [:P4 5.409 7% |
= vy TesT LA Test. O A5 - 000 |
0,000 0.000
0.0 0.0 1.0 THON | TH OFF
] - TEEme 0,00
ROLL_IN Danp ROLL_OUT
8,816 00 B 8,816 -
RoLL Test  CHJROLL Test ON |
0.000 0,000 : |W
b oo oo Qetnes
0,000




KACRA  {5[1: A digital LVDT driver

Replacing analog modulation-demodulation
process to digital modulation-demodulation

1&
Modulated Demodﬁation
signal By digital Phase Feedback
EE— Reers shifter signal
HIMATRX
H1_X_COS hee H1_O e
Oscillator — e
NModulation
‘ To LVDT
JGW-G1201264 2012/9/11 BAMEZL20125MEIXE Il A&
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KACRA A digital LVDT driver

— Factor x3~4 worse than analog mod.-demod. process
— Lower modulation frequency was better, best:~100Hz

— Limited effective band-width up to ~ few Hz (actually being used only
below 1Hz)

— Useful as temporary purpose
— Decided to keep ADC/DAC channels assigning for digital LCVDT driver

| Power spectrum |

102 1 1 L1 T LS SN SN S S N |
mod freq = 1500Hz
——— mod freq = 300Hz
——— mod freq = 100Hz
— digital mod/demod floor noise =
e ANAlOG Mod/demod driver =
o ———— ADC noise il
T . —
2 » =
o) TS SO . . : ST : -
= “:l 1‘4' hmnl,:.\.,‘ Moy van n-q:'amuw-v“ =
MR, L L oA ’ ..-..r.-,u - =
”fW'wM ; TR \
10-3 - i i i I i i i PR T T A 1 i i i FI T .
10 1 10 10
Frequency (Hz)
*T0=17/04/2012 10:24:10 Avg=5/Bin=2L BW=0.0117178
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SWITCH1 / / !
Rl KGR XIVIS_ETHN_FO_STPML  Thu May 24 00342346 20}
SWITCH3

SWITCH4

*  Controlling up to 4 stepper motors
e 2bits for clock and direction

e 4 bits for switching 4 motors exclusively Kas h iwa in J une.

e Servo script written in python

Installed into Pre-isolator at



CRA

Script control for 3 Stepper motors

0.3 —————
i | —— LvDT sensor 1 —
| — LVDT sensor 2 ]
0.2 | —— LvDT sensor 3 -
B e e S e
2’ H H H H H H H :
: of -
o \ T
(2 : : : : : m
-0_1 o+ . 4 . .................... .................... ... .................... ; ................... . ............... __
0zl ——— — . — —
_03_ 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 i 1 1 i 1 1 1 i 1 1 1 i 1 1 1 | 1 1 T
-0 20 40 60 80 100 120 140 160 180
Time (s)
[ Signalsin X, Y, Yaw DOF |
2 T T I T I I T T T T T T I T T T T T T T T T _]
: : : X axis Error signal =
1.5 e Rttt SRR b X axis Feedback signal to Voice coil actuator —
3 1 =
E =
=~ 05 —
S 3
€ 0 -
[
3
- -0.5
2 : : : : :
o =1 0 T R s ¢ oy I S S —
' ' 3 axi

-2

asE L .2 axis >tepping motor — T—
f f ' scrlptrunnlmg : : f

s Step:ping?étor 3

' 4io 60
Damping ON

T0=06/09/2012 11:18:01.003784

JGW-G1201264

80

100 120 140 160 180

Time (s)

Avg=1/Bin=294

Multiple sensors and

multiple actuators
Pre-Isolator Top View

’H' lnjg\

|
Act 1
h‘ .“\‘ LVDT2
[ W A2

LVDT1

U w
wora Y N Ay
Actuators VD13

Act 3

Reducing DC force on voice coil actuator

» Stepping motor control script written in
Python, for single motor at the begging

Modified to 3 axis motors immediately

Looking X axis feedback signal to
destination, here 0

Feeding back to 3 voice coil actuators
with some ratio

Series step by step motion for each
motor due to current limit on the
actuator driver
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KACRA  summary

STDAVZTAO)ﬁE%‘ﬁaWI-\ c. T4—F N\ DEKRFINEILILDDH S,

BICHIRRADEAIIZEHEADOXZESZOHT, 518, HlE., BT EDRED XS
2. TS RT LS TIED/ S TA—T U R ERLIESH TS,

- BEEMREE. B ATLBICRAEAS. BAVEUEREZARAVATLEEBETE,
— WikiZFIALER=Z2 7LD,
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