Updated on 2016.6.3

Status report : about the Monolithic Accelerometers(ACCs) Test

[1Goal
(@ Estimate the sensitivity of the ACC on(and off) the IP,
by comparing to L-4C geophone sensitivity, and 3 channel correlation analysis.

—=>-Get the ACC’s sensitivity limit-at-high frequencies.—
[@ Confirm the controllability with the blending, }

using the LVDTs and the ACCs.( mostly in same configuration with Sekiguchi-san’s)

-> This test is to be done at BS hanging test.

1 Due date
[Mid of June, ~2016.6.18 }

-> Due date was changed to 2016.5.27

1 Participants (mainly)
Joris, Fabian, Takahashi-san, Hirata-san, Fuijii,



Updated on 2016.6.3

Status report : about the Monolithic Accelerometers(ACCs) Test

[ What is done, at this stage ;
* Signals from 3 ACCs, 1 Geophone are monitored. (LVDTs are to be added within this month.)
* building the digital system, medm screen for this test. Excitation is able to be injected.
* Cups and metal board (not wooden board) are installed under the IP legs.
* Resonance frequency of the IP translational mode is tuned at ~“440 mHz.
* ACC signals are calibrated.

* ACC-LVDT gains are increased. as your LVDT readout seems not performing well, most probably
because of the non-symmetry of the powersupply

| agree they are calibrated, but be sure to use my measurements

* All the geophone, the accelerometers were replaced on a optical table.
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I agree they are calibrated, but be sure to use my measurements as your LVDT readout seems not performing well, most probably because of the non-symmetry of the powersupply
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3 After 2016.5.26

* All the Geophone, accelerometers are

replaced onto a optical table, which was bought by VIS.
* All of them are in a tag box, to prevent an effect from
the air flow of clean booth.

* Proper air shields, wanted by Joris and me, are delivered, on 2016.6.3.

Do you think you can do this before LAPP? : i N .
= | would like to install them, and to see the sensitivities at low frequencies.



Do you think you can do this before LAPP?
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Status report : about the Monolithic Accelerometers(ACCs) Test

[1 To do list

[ ACCs 1 LVDTs
* Tune theoutput-ofthe ACCs * Install to the IP stage, Cabling(E7)
* Calibration-{more-precisely) * Calibration
* Install their “Air shields” *
(*ACCTEmeas.)
*

1 Filters

* Confirm and install the input filters of the ACCs and Geophones

* install servo filters for the blending.
*

] Others
* Do actuator diagnalization
* Measure force TFs of the IP

* Stepper motor working confirmation(B){ERESR) (Something might be missed.
* Install a geophone on the ground(to be confirmed). Some A/l can be added.)
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1 Schedule : work days on IP

* Byebye Joris
* 2 LVDTs strange

_. * Cabling for LVDT, geo
* 2 LVDTs were * 1 LVDT, 1Geo ready
Removed for fixing, *IP tuned at ~550 mHz
* RT model was 2016.4.5> (2016.4.6 X 2016.4.7 3201648 _ 2016.49  *Allthe LVDTs are
made again removed.

2016.4.10 2016.4.11 2016.4.12 2016.4.13 2016.4.14 2016.4.15 2016.4.16 * Brief manual

»

* Investigated < g ———— for pre-isolator ins.
other DoF coupling 2016.4.17  2016.4.18 2016.4.19 2016.4.20 2016.4.21 2016.4.22 2016.4.23 was made.

P

of “wide cavity” OSEM  * .

2016.4.24 2016.4.25 2016.4.26 X2016.4.27 X2016.4.28> 2016.429 2016.4.30

* IP tuned at 440 mHz 5 * Soldering, * Roush signal check
* Wooden boards wete replaced cabling fot ACCs SaaE

201651 201652 201653 201654 201655 201656, 2016.5.7  *holidays

2016.5.8  2016.5.9 -” 2016.5.13
Today

* Adjusted LVDT output VOltage * Cabling, alignment for ACCs * Rough calibration of ACCs
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* reviewing meeting
[ Schedule at U Totama

R
* MEDM screen

modification 2015.5.15 2016.5.16 2016.5.17 2016.5.18 @ 016.5.21

* Changing LVDT gain

* Confirming some resistance * ACC_H3 calibration

* MEDM screen
modification

* Replacing
« PR3 TE measb 2016.5.23 (2016.5.24 (2016.5.26 X2016.5.27> 2016.5.28 ACC. positions

Due date
* ACC checkin
* ACC H1 HWL&SBO 2016.5.31 2016.6.1 2016.6.2 2016.6.3 2016.6. * TF, spectra measurem-

ent on a optical table.
Calibration

* Putting a temporary
* Q (w/o ctrl) 2015.6.5 2016.6.6 2016.6.7 2016.6.8 2016.6.9 2016.6.10 2016.6.11 air shield.
* Installing 2015.6.12 2016.6.13 2016.6.14 2016.6.15 2016.6.16 2016.6.17 2016.6.18
| “Air shields” ? > —Dbuedate—

What would be done

Is team B doing anything before the by type B team.
hanging test or are they too busy? * Installing Air shields
* Installing LVDT
. * Controlling test



Is team B doing anything before the hanging test or are they too busy? 
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3 Next step for the next week:

* Tune-theoutputsthe ACCs byadjusting the “IBTcards™
¥ Calibrate-theACC iselv-with-tsi lami toil-ete.

* if the LVDTs would be returned, install and do cabling, calibration.

ATo be investizated. found.in thi ks

* the natural frequencies of the ACCs : all the freq. are shifted stiffer, in some reason.

Jan. May

ACC1:0.46 Hz = 0.6 Hz
ACC2:0.89Hz > ~1.4Hz
ACC3:1.0Hz -> ~15Hz

This is really untrue. You did by
hand and timed the modes; it has

to do with the LVDT readout and
not with the mechanics.



This is really untrue. You did by hand and timed the modes; it has to do with the LVDT readout and not with the mechanics.
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Settings and Results
1 ACC-LVDT gains, etc.

1 natural frequencies, Q factors of accelerometers
1 Tilt calibration
1 Spectra measurement on ACC-LVDT

[1 sensitivities, noises of accelerometers
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k‘ Setting / ACC-LVDT gains, etc.]

This is terrible. | would say to shut down
the LVDT boards as this might damage the

OPamps and other components.

- “_ 18V"
“+18V”% * “GND”

(Measured values by a multi-meter)


This is terrible. I would say to shut down the LVDT boards as this might damage the OPamps and other components.


Status report : about the Monolithic Accelerometers(ACCs) Test
@‘Setting / ACC-LVDT gains, etc.}

At connection 1 -) @Wwith Power supply, With modulation

(Not used) (Not used)
By T s A% [Ohm]
2 A TR % ACC_H1 O.F. O.F.
ACC_H2 972 O.F. O.F. O.F.
ACC_H3 971 O.F. O.F. O.F.

@With Power supply, Without modulation

Resistance 1-6 pin | 2-7 pin
[Ohm]

ACC_H1 185.1
A 3 ACC_H2 972 O.F. 198.2 O.F.
t connection
ACC_H3 972 O.F. 212.9 O.F.
Resistance 1-6 pin | 2-7 pin . . .
[Ohm] @Wlthout Power supply, Wlthout modulation
Ohm
Secondary port  O.F. 42.2 43.1 42.4 O.F.
ACC_H1 4740
(Not used) (Not used)
ACC_H2 993 O.F. 4650 O.F.

ACC_H3 994 O.F. 4700 O.F.
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E!‘ Setting / ACC-LVDT gains, eth

( ref : http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=4798 )

(Not used)

=

4.3 Vpp, 10 kHz

mm:mmm

oﬁ Vpp,10kHz 1.3 416 4. 4.0 0.240
BR[| @mmmmmm
pomts trlmme::fs s Vpp, 10kHz 136  4.08

33 i,
,/ ;‘:‘5._, Phase - |
. trimmeérs | | ~ . ™
il © Ve -> According to below formula,
Ifel e : current amp-gain is around 1501.
tiimmers = w0 ' . Colils R

R —— e \_ G )



http://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=4798
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k‘ Results / Natural frequencies, Q factors of ACCs ]

= 160527_ACC_Qtimeseries_wAirShield_v2.pdf - Adobe Reader = =
TFAILE) |EE) FRQN) rEI(W)  ALTH) x °
B | @B 26 BEE O 0® =l sxlamslax] oM decay signals,
~ 2 * natural frequencies and
* Q factors
'('I" . = ) of the ACCs, with and without air shield, are obtained.
cL ] 3
.l Below formulae are used.
3 i
o, ||\, ;
Bl \ f(t)= A exp (—r' ) sin(27 f1t + )
:| |1 Tel or
20 40 60 i Tin‘::t[;) 120 140 160 180 f f
TO0=27/05/2016 08:27:32.8125 Avg=1 TO=27/05/2016 08:27:32.8125 Avg=1 fl:f) — _"1] {?}:p (_ H--' ) H:‘Ill{‘z]‘rflt + T_'.'-"-Ij + :_12 E:}:p (___) nil](?ﬁfzf + ‘;2) + ,r_'n,
el e
15000:_'__'_' A A N ==y ; 15000;' NN ,,',L_;;..'_n!_;"f
10000 10000; ; Q = T fO Te
%000 E 2500: | % . .
Y | BRI R ] As results shown in next some slides,
ol | natural frequencies at steady phase are different from
0 zlo 30 50 B0 100 120 140 180 180 Tt e the ones at non_steady phase_
Time (s) Time (s)
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Time series

5000 -

gﬁ ignal

0000

ABDDD [ romreeopemeece e

uu: 8

0 ittt

t . t .
f(t) = Ayexp (—T—) sin(2m fit + 1) + Apexp (—_—) sin(2m fot + 3) + xp.
el

le2

Q= 1foTe

Output [ct]

6000 AC!C_Hl m!nthout!mr StheId | |
— Measured
— Fitted
T80 S S e
4000 -]
5 W\ AAAA
3000} TITETV IV VUV AR
i
2000 H e

PO S S N N O W S S
osHz e

i i i | |
40 50 60 70 80 2 10] 100 110 120
Time [sec]

Without Air Shield
M 7 A
0.537 2.65 4.47

2nd 0.607 40.4 77.1

*Linear range :
from about -5,000 to 5000 ct
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t . t .
f(t) = Ayexp (—T—) sin(2m fit 4+ 1) + Ay exp (—_—) sin(27 fot + @a) + xp.
el

le2

Q= 1foTe

_I TT I LI T T T LILILI LI I T T T T T T 71T T I_
15000 ik >|_ —r———— i:
10000 : —
_Eﬂﬂl} —
) .
w i
I}_ ________________ -
- ACC H2 W|thout Alr Shield
-5000 [ ! : '
- ; — Measured
0 4000 LU d oo J— . Fitted
3000|
T 2000}
= 5
3 H
o :
+= .
A 1111 T | ) RN M S besnssnens s
o S N S
2000 | oo S S
0.9 Hz . 1.54 Hz
_2000 | | ; |
30 40 50 60 70 80
Time [sec]

Without Air Shield
-E-
0.90 0.91 2.59
2nd 1.54 35.5 172

*Linear range :
from about -3,000 to 6000 ct
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Time series

t . t .
f(t) = Ayexp (—T—) sin(2m fit + 1) + Ay exp (—‘_—) sin(2m fat + @a) + .
el le2

Q= 1foTe

Without Air Shield

Cutput [ct]

. et il 0
; L‘:;t;“fe"] 1.01 3.57 11.3

B — e —— e e E— S— | 2nd 1.31 21.5 88.8
RN e e s e | _[*Linear range : from about -7,400 to 5000 ct

ACC_H3 without Air Shield
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Time series

t X t .
T T LI I || T T [ T T T [ T T T ] T T T[T |i|: f{t} = .f‘!.] 'r_‘}:.p (_T_) H]ll{g?rflt + -1!:'\']] '+ ."‘12 Cxp (__) hln{?ﬁf?t + \,:2} + -rn.
;_ _______Er__ —— RiVS-ACETEST_FO _SESSINF_H1_iNi ] el T

le2

5000 ! ! !ACC—H!]‘ with ’Efir Shie!ld . . With Air Shield

| ; | ; : i | — Measured
T ) -_
: : 0.545 1.56 2.67
4000 11 """""" """"""" """""" """"""" 2nd 0.609 34.8 66.5

Y]
L
o
o

| A *Linear range :
LT LR S S AL N T from about -5,000 to 5000 ct

Output [ct]

o]
o
o
o

]

L

o

o
|

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

| | 1
40 50 60 70 80 a0 100 110 120
Time [sec]
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L L I B L . . e . fl[i'}=.r"11*3}1p(—
=111 T SN SO SO . -

t . t :
) sin(2m fit + ;) + Az exp (—_—) sin(2m fot + @a) + To.

el le2

10000

S SO S Q=1fte

%ﬂﬂﬂ
2

w

I TS R T With Air Shield

Output [ct]

8000 . ﬁI\Ci_HZ v.}ith J?lirishielczi | | | -- [HZ] Te [SEC] I-
I 0.897 123 3.47

] 2nd 1.55 22.9 112

*Linear range :
from about -3,000 to 6000 ct

W{F‘/ Y i H H E H : H
] 1 - - = ] 1

2000 H S R N N | think these measurements were good training, but
09Hz 155Hz before you fix the LVDT powersupply, | think all has to
—aoooL—L 1 i i i i i i be redone. It looks so non-linear to me (time signals
Time [sec] ACCs, strange Q measurements with different f_0’s. |

think the above 1 Hz peaks you see in spectra is
really non-physical but artifact from LVDT non-linearity



I think these measurements were good training, but before you fix the LVDT powersupply, I think all has to be redone. It looks so non-linear to me (time signals ACCs, strange Q measurements with different f_0’s. I think the above 1 Hz peaks you see in spectra is really non-physical but artifact from LVDT non-linearity
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t i
L L L L L e . . . flt) = Ayexp (—T—) sin(2m fit + 1) + Az exp (_.__) sin(2m fat + w3) + .
: le2

el

Q= 1foTe

With Air Shleld

(— measuredl| |, ; 0.99 4.28 13.3

—_2500 - __________________ h ______________________ — Fitted
| 2nd 1.31 18.3 75.0
~3000 1450 | __ ACC_H3 with Air Shield |
—3500 - : —3490—5---[‘---”5 ----------- ------------ ............ itte i *Linear range .
—4000 3500 ﬂ m """ """ """"" """""" """""" from abOUt '7,400 tO 5000 Ct
3510 AL
—4500 T
§ E 3520
—5000 J---l-O-Hz- ------------------ '— ------------------------------- © 3530 AR
~35%00 105 o 1 120 340 U UUU """"""""""""""""""" """"""""""""""""""""""""""
Tmelsed | il U ....................................................... 31..3.,;11;_ ____________________________
TP 11a 11e 118 120 122 1zl4 126 128 130
Time [sec]
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@‘ Results / Natural frequencies, Q factors of ACCs }

Linear response [-]

Phase [deg]

107" g

10°

100

-100

— (=6, f{0=0.46Hz TF |1
——Measured ACC1 TF
Q=12, f0=0.890Hz TF
—Measured ACC2 TF
—Q=25, f0=1Hz TF —
——Measured ACC3 TF |

10° 10
Frequency [Hz]

Natural frequencies and

Q factors at non-steady phase, in my measurement,
seem to be consistent with previous measurement
which was done by Joris. (Except for ACC_H1.)
http://klog.icrr.u-tokyo.ac.jp/osl/index.php?r=639

Then, the parameters shown in this table
are obtained, to do below slides’ calculation.



http://klog.icrr.u-tokyo.ac.jp/osl/index.php?r=639
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k’ Results / Tilt calibration, which is done on 2016.5.25 ]

230 mm

Frame =
g A
% Proof mass g

l 14_ s ﬁ.ﬂ 14-
Calibration factor is calculated as
X ax* g /wo?
Calibration factoryypy = —— = 9 /@0 [mm/V]

Vivpr Vibvr

, Where a is a tilt angle of the accelerometer, g is gravitational acceleration, w0 is a natural frequency of the accelerometer.
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EX’ Results / Tilt calibration, which is done on 2016.5.25 }

ACC_H1 natural frequency ACC_H2 natural frequency ACC_H1 natural frequency
is 0.61 Hz is 1.55 Hz is 1.31 Hz
6 10 6
8 4
4 y =193.27x + 0.202
y =42.305x -/0.8189 6 2
2
. _ 4 . 0
< = 201 -0.05 0 0.05 01
3 0 *g 2 3 %)
g-o.z 0.1 0 0.1 0.2 0.3 0.4 g y = 202.84x - 1.3342 *Os :
2 -0.06 -0.04 -0.02 0 0.02 0.04 0.0¢
-2 -6
-4
-4 -8
-6 - -10
X_mass [mm] X_mass [mm] X_mass [mm]
ACC_H1 Calibration factor ACC_H2 Calibration factor ACC_H3 Calibration factor

is 42.3 V/mm is 202.8 V/mm is 193.3 V/mm
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Et‘ Results / Transfer functions from LVDT outputs to displacement}

Transfer Function Bode Plot .

w
sz+v°*s — Wy

— Xmass
*

TFyvpr2pisp. = [mm/V]

[ ——acchi
o | e ACC H2 TF |

. 2
| Vivpr S
7| e ACC H3 TF|

4 )
The parameters , which | got, are here:

fo [Hz] Calibration
R Do S Do factor[V/mm]
o D S S S T S R S S T R S A S S 1
R el | AccHL 0.61 42.3
R ACC_H2 1.55 112 202.8

Magnitude [m/V |

| | ACCH3 1.31 75 1933
o J N Y

—180_2 . ::;:::;_I L 555'0 L iiiiiiil 3
Frequency [Hz]

Phase [deg]|
o
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Results: Spectra measured on 2016.6.2 e
BUT, my calibration factors might NOT be correct, with comparing to the Geophone,,.

Seismic displacement measured by ACCS, geo . Seismic displacement measured by ACCs, geo

107 N — 10 ,
AII the 4 spectra should output ACCHI | If the calibration factors are ACCHI

same plot, | think.: | —ACCH? modified to the numbers | ——ACCH2(167) |

- | _ | =——ACC H3(/2.78) |
_But, in actua..y} they do not. ACCH3 | o [n seeninthetable, - Geophm{e il

Geophone | \ |the spectra become same,,, ——

107 B

Magnitude [m/rtHz]
Magnmtude [m/rtHz]|

Calib factor ;_: '
[V/mm] SRS .

‘it '-hlm-.+-ki-m.r«....o el
10'"'F H 423 |

L VT,
H2 ~121.472 o : qyw :

Calib factor [
[V/mm] o N :

H1 423 W

H2 202.8 i
A2 1933 H3 ~6957 N\
S CI I R TR N B SR ET 0 i

10~ 10" 10’ 10’ 10° 107 10" 10° 10’ 107
Frequency [Hz] Frequency [Hz]

~

For the time being, | changed the calibration factors to right ones in below,,.

10
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[Results: noises of the accelerometers / 3ch correlation analysis ]

160602 ACC 3chNowise day (Signals)

b In daytime | 7 AccHl
: - —— ACC_H2

o Now. (only signals) i — ACC_H3

Geophone ;

ACC_H1
ACC_H2
ACC_H3
Geophone 1
Noise ACC_H1H

- - Noise_ ACC_H2 ||
o I 1) . e P A AU ' . - -
T SE T Noise ACC_H3 |3
E E, :
r:,; 107 e O - —E """""""""""""""""""""""""""""""""""""
Z Z
B o Lo ] 3 e [ S
3 = | .
ol S M Ll ] 9L SR 10 W PV Y
10 F ; : J i ] r . AL
i ' H " S e i 1 rh
10710 e SRR SO 1. .. - 1070 pecem oo B b
(1l S — S A N S o Rt A
Y I BT S S ol i
00 107! 10° 1o’ 1072 107! 10® o’

Frequency [Hz] Frequency [Hz]
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[Results: noises of the accelerometers / 3ch correlation analysis ]

102 _ IlfﬁfllGIUE ACC_3chNoise frc;qm!?ﬂi (Signals) — 102 - IIIGDEO;ACCI‘ 3chNoise Ifrlumlgo5l -
— ACC_H1 || N At night | — ACC_H1
; — ACC_H2 [ e T "1 — ACC_H2
N — ACCH3 | 0N (signals, noises) | — acc_
F N : | — Geophone | 3 . | — Geophone :
e R R 10 Lovvnnn \ ------------- e - — Noise ACC_H1
0 [ N 5 | 5 i —_— N Noise ACC H2 ||
5 EE NN ! Noise ACC H3 |
,:,z _ ____________________________________________________________________ % :
RPN SN . W A N
=0 $

I U SO B, ..
0 s N [ e [ S 1 SN ol i
1012 . . M | . L . . M | -12 ) ) L] ) L ) ) L

1072 107! 10° o' 0 102 10! 10" 10!

Frequency [Hz] Frequency
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i LA il 2 ==

LU

il ity

K1-VIS-ACCTEST_F0_SEISINF_H3_IN1 / K1:VIS-ACCTEST_FO_TEST_L_EXC

[ Transfer function

i
|
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10°
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Settings and Results
1 ACC-LVDT gains, etc.

1 natural frequencies, Q factors of accelerometers
1 Tilt calibration
< Spectra measurement on ACC-LVDT

[1 sensitivities, noises of accelerometers
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Results: Spectra measured on IP, BEFORE increasing ACC-LVDT gain.

Magnitude [m/rtHz]

Seismic displacement measured by ACCs, geo

10 S S B L B 550 SRl

NG e ——ACC H3

. |——ACCHI1 |

ol i

Geophone |

10 10” 10° 10
Frequency [Hz]

10°

Magnitude [m/rtHz]

Seismic displacement measured by ACCs, geo

—-10

oL i i T

107"

Onreleased P

[ —— AcC HI

ACC H2

| ——ACCH3 |
Geophone |

10

107 10°
Frequency [Hz]

107
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Results: Spectra measured on IP, AFTER increasing ACC-LVDT gain.

Magnitude [m/rtHz|

Seismic displacement measured by ACCs, geo

.| —— ACC H3

Cocorriinn i ——ACCHL |
Onlocked IP: ACC H2

Geophone ||

10

10° 10
Frequency [Hz]|

10°

Magnitude [m/rtHz|

Seismic displacement measured by ACCs, geo

On released IP

CC HI

ACC H2
ACC H3

Geophone |

10

10’
Frequency [Hz]

107




Status report : about the Monolithic Accelerometers(ACCs) Test
Results: Spectra measured on optical table, AFTER increasing ACC-LVDT gain.

Seismic displacement measured by ACCs, geo

~ Onopticattable | === v 11T without air shield,

;.\ = —-ACCH3(wo) | measured on 2016.5.27, day

| — — - Geophone(wo) |]

NN ;
N SRR L ACCHI(w) | . . .
S N ACC H2(w) | With air shield,

|——aAccHw) ||| | _Measured on 2016.6.5, night
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| think it’s very difficult to look at these plots knowing all
that might be/ is wrong with the calibrations etc. | think,
with the wrong calibrations and just making lines of GEO
and ACCs fall on top of each other is nice to get an order
of magnitude feeling, but not more than that!
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* Sensitivity limit should be lower, right?
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