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Introduction : ATF2 constraint 7772

v Beam-based feedback only below 0.1Hz (repetition rate: 1Hz)

=>» Above 0.1Hz: Relative vertical motion between the Shintake
monitor and the last magnets < 6nm (Horizontal motlons tol erances
of afactor 10 to 100 less strict) 2291 3000 i

v' Final magnets and Shintake monitor - —
separated by 4 m on 2 separate supports | |

—

MonALISA alg nt betw FD and BS

v ATF2 floor: Ground motion coherence good up to adlstance of 4—5m

v Idea: Shintake monitor and last magnets movement same than ground

- Stiff supports well fixed to the floor 2



Candidate as stiff support

v Candidates as stiff support for the last magnets (for large sizes)

Stedl lightweight | Solid-composite Granitetable
honeycomb table laminate
Stiffness Very stiff Very stiff Very stiff
Amplification | Highlevel of dry | Moderate levels of Low levels of
factor Q damping >Q~4 damping damping—-> Q~460
Mounting to Best for bolt- | Difficult to securely | No large number
surfaces down mounting mount object to | of mounting holes
Nonmagnetic Nonmagnetic Ferromagnetic Yes
Weight light heavy heavy
Thermal proper. very good good bad
Cost high Very high Very very high

- Stedl honeycomb table: Good candidate as a support for magnsets




CLI1C Honeycomb table characteristics

v At LAPP: Steel honeycomb table from CERN with 2 characteristics

measured by TMC Company in free configuration ———=="r=
» Minimum Resonant Frequency: 230Hz _
» Maximum factor Q: 1.5 (Tablewith maximum =it (5RE iy
damping level availableat TM C Company) f =

+/- indicates relative motion of areas out of plane

v Compliance curve measurement: impact testing hammer / accel erometer

v Free configuration: Table supported at four points by pneumatic isolators
along the 2 nodal lines 22% from the ends of the table
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Simulation: Idea of first eigenfrequency evolution with
weight and boundary conditions

v" Fixation of thistableto the ground to have the same motion

» Fixed configuration: Eigenfrequencies not the same

v Weight of all magnetsto be put on thetable: 1400K g

» Fall of elgenfrequencies by comparison with no weight

v' Idea of eigenfrequency change with weight / boundary conditions

=» Simple block simulation done by Nicolas Geffroy:
» Full block of the table dimensions (240* 90* 60cm)
» Calculation of the density to obtain the table weight (700kg)

» Young modulus chosen (rigidity) to obtain the first eigenfrequency of
the table in free configuration (230Hz) c



Simulation: Idea of first eigenfrequency evolution with
weight and boundary conditions

v Boundary conditions:. table put on/ fixed to 4 rigid supports at its
corners = =

» Without any masses:lh56.2Hz » With masses: 26.2]—Iz
- Well lower than in free configuration! -> Fall of the eigenfrequency

v Boundary conditions: table fixed directly to the floor on 1 entire side

» Without any masses. 526.1Hz
- WEell higher than in free configuration! = Fall of the eigenfrequency
but still enough high



M easurements outline

v First test: Vibration measurements done with table put on 4 rigid
supports (quick and easy!)

- Goal:
- Table vibratory behavior understanding and comparison with simulation

- |dea of relative motion value compared to tolerances fixed

v Vertical vibration transmissibility study between table and floor
with and without any masses of 1400K g

—> Coherence calculation between table and floor

- Tabletransfer function calculation

v Expected relative motion between table and floor at ATF Ring

with and wihout any masses of 1400K g ;



Experimental set-up

v Simultaneous measurement acquisition of the 5 sensors with/without masses

Tablewith no masses Tablewith lead masses
- Guralp velocity | fl

SeNnsor s

= accelerometers ‘}i
4 (40Hz to 100H2) [N

Microphones 4
“':..

-

v" 4 high stedl supports (thickness precision: 0.1mm) at corners
|v" Ground not perfectly flat: One spacer of 0.1mm at one corner

- May not be sufficient: gap of lum can impair vibrations
transmissibility between table and floor 8



v' Table transfer function calculation



Coherence between table and ground vertical motion

_—

PR s SRS N

0.3+ 1. 1 o R LN

ok D I —— Masses of 1400Kg | !
CNC ST : — Without any masses o

) A ; R AR ; R i . i
0.03 10" 0.16 0.72 10"1.19 10" 20 10°
Frequency [Hz]

v Up to 20Hz : Coherence around 1 but above 20Hz: Fall down of coherence

» May bedueto non linear vibrationstransmissibility: supports not
fixed to thetable and to the ground

» And may be dueto thetable eigenfrequencies w0
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Magnitude of table vertical vibrations transfer function Phase of table vertical vibrations transfer function
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v' Tabletransfer function phase (zoom)
Phase of table vertical vibrations transfer function > FirSt eigenfrequency: ph Of 900

: - Masses. 46Hz (Factor Q=9)
- - No masses: 74Hz (Factor Q=12)

150+

Transfer function phase [degree]

» Other peaks. not eigenfreguencies
o Wl Ll | i - Masses: 28Hz
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SUMMARY: Vibrationstransmissibility study

v First eigenfrequency measured: v First eigenfrequency simulated:
»  Withnomasses. 74Hz (Q=12) » WIith no masses. 56Hz
» Massesof 1400Kg: 46Hz (Q=9) » Massesof 1400Kg: 26Hz

=» Simulations done: give a good idea of eigenfrequency evolution
with masses and boundary conditions

v' Other tabletransfer function peaks:

_ are not fixed to the table and
» With masses. 28Hz

» With no masses: 25Hz and 52Hz Dueto the fact that supports
to the ground

v Factor Q of the lowest eigenfrequency without any masses:
» Freeconfiguration: Q=15 » Table put on 4 supports. Q=9
12
= Q bigger than in free configuration (not the same mode shape)
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e Expected Power Spectrum Density of floor and table relative motion at ATF2
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- Takeinto account phase differences between table and floor ,
(seetransfer function phase)




8Expected integrated Root Mean Square of floor and table relative motion at ATF Ring
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> Integrated RM S of relative motion with masses of 1400K g:

- From 0.17Hz to 100Hz: 6.7nm -> Above ATF2 tolerances (6nm)!!
15
- From 10HZz to 100Hz (first eigenfrequency bandwidth): 5.0nm-> Tight



Conclusion
v Integrated RM S of relative motion above 0.17Hz with 1400K g:
» Tablejust put on 4 supports. 6.7nm-> Slighty above ATF2 tolerances
> |f the 4 supports perfectly fixed to the floor and to the table:
- Relative motion: only dueto the first eigenfrequency at 46Hz (Q=9)

- Relative motion of 5nm: too close to tolerances because of imperfect
fixations and of magnet resonances which may add relative motion

-> Change of table boundary conditionsto have a higher first

ARl A fivAd A NnthA flAanr AN 1Al A
UUC”H CqUCllby LCUJICII)\CLI UII CL:LI)’ l.U LIIC 11UUI Ul J. CIILII CUUC

1400K g » First eigenfrequency ssimulation: 135Hz Relative motion

on table| > Factor Q should be well lower than 9 =) should be wel
below tolerances

v' Candidateto fix thetabledirectly to thefloor: concrete polymer

—> Very good vibrations transmissibility and better than fixing structurgs
with bolts (see R.Sugahara presentation done the Feb. 3 - 5, 2006 )






Experimental set-up

SENE0TS Guralp CMG-40T EMDEYCO86
Measurenment directions o 5
Sensitvity A000% fros 10V
Freguency range [0.033-50]H= [0.01-1000H=
Quandity 2 2

v Limitation of the measurement:

> Guralp sensors: <

- From 0.033H2z: Frequency response not flat below M easur ement
- To 50HZz: Frequency response not flat above analysis:
GURALP:
» ENDEVCO sensors: >“:>0 033Hz to 40Hz
- From 10Hz: Electronic noise to high below ENDEVCO:
- To 100Hz: Frequency response not flat above 40Hz to 100Hz

v  Analysis. 50 aver ages done with an overlap of 66.67% ; Windqy:
Hanning



v Upto20Hz:

FF A

~ Geophones

Coherence between table and ground vertical motion

11| T Without any masses

- 1| —Masses of 1400Kg | !

0.03

0.7210"1.19
Frequency [Hz]

10'

20

10°

Coherence around 1 but above 20Hz: Fall down of coherence

» May bedueto non linear vibrationstransmissibility: bad fixation of
the supportsto the table and to the ground

» And may be dueto thetable eigenfrequencies
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Vibrationstransmissibility study between table and floor

v Sensor s noise estimation (Corrected difference calculation):

—> Two sensors of the same model put side-by-side
PSD()=2(1-C(f)),/ PSDi(f) PSDA(f)

v Environmental conditions;

1. Very low ground motion (coherence as low as possible: best estimation)

2. Low-frequency noise: No fast temperature and pressure change in time

1. Sensorsonthe CLIC activetable/ Measurements donethe night /
Shutdown of all computers/Acquisition system outside the room

2. Ventilation cut / Doors closed: 10 hoursbefore measurementg0



Power Spectrum Density of table and ground motion

PSD [m’/Hz]
=)

-20

10-25

Nu slgnals measured
Onlyr electronlc nnlses
10 _ f S8 : .

—Ground: Masses
— Table: Masses

— Table: Without any masses

— Ground: Without any masses

—Corrected difference

......................................................

0.03

10 016

0 7210 1. 19 10
Frequency [HZ]
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Sensors S|gnals PSD per sensors noises PSD and coherence between table and ground

10°
—Ground motion PSD ."N0|se PSD Wlth masses
— Table motion PSD / Noise PSD: With masses
o 10° { ——Coherence between table and ground with masses
[ &)
S —Ground motion PSD / Noise PSD: Without any masses
L . ||~ Table motion PSD /Noise PSD: Without any masses
o] i |
o 10 — Coherence between table and ground without any masses |,
-g : : E : R : : o
o e 1 it ] _
2 ,|No signalsmeasured L é § '!iii ! § 1 é
E 10 ................. ]..: ........ [IRRE : L S IRt
R FaII down of coher -#-4 N‘" el T
o] “ ’ :
. . :
© 10 i _ —— f
o S g :
g Loﬁr‘ﬂ I
= gné s per |
(5] 102F no;ses atio : :
--> Sii'ght'y' 'f'all'b'fl' 'C'dh'e'réhcés """" :
! é é : I
SRR :
o o R 1 I N SN S S S I A A S R S S S U R
0.03 10" 0.16 0.7210°1.19 10' 10°
Frequency [Hz]
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SETE0TS Acceleromeiers model 4507B3 Hammer model 2302-10
Measurement ditecHon riaxial )

Sensitivity 100V iz 2 ATV
Frequency range 03 -6 kH= Ivlax : 5K Hz
Quantity

Table hitin this
area

Sensors put on the middle of
the table where vibrations
are the biggest at the first

20 aver ages done with eigenfrequency

a Hanning window and

an overlap of 66.67%
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Compliance in case of ideal rigid body

M

}

F

Ideal free rigid model, Mx"=F

X=X, sin(wt)
F

2

where x,=-

definition

oM
X i

C Compliance

|F| Applied force

x| Displacement

bl
|Fﬂ| M’

C

from Newport co. www newport-japan jpipdfive_0852 pdf
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Compliance ( mm/MN )
El
Compliance (in/lb)

107

10 100 1000
Frequency ( Hz )

Typical compliance curve of table-top with no damping

A ’ C ?
B y D 7
Vibration modes
from Mewpart co. wwwnewpor-japan jp/pdfive 0852 pdf 25




Transfer function magnitude

107LS

Magnitude of table vertical vibrations transfer function
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Corner Compliance test (Measurements in the vertical direction)

{— Table with masses
— Table without any masses

HE I S B i
469 726 10° 10°

Freguency [Hz]

v’ First eigenfrequency with and without masses. 47Hz with a factor
Q=9 and 74Hz with a factor Q=12

v' Other measured peakswith thetransfer function magnitude:

> With no masses; 25Hz and 52Hz
> With masses: 28Hz

}

Dueto thefact that supports
arenot fixed to thetable ang
totheground



10—10

Displacement Power Spectrum Densities of ATF Ring floor

-24

i STS-2 seismometer data filéa
From measurements done the 31th October 06

(File 011);

i
___Servo accelerometer data fiie (File 15fev11):
From measurements done the 11th February 04 :

10
10° 10°

Ground motion quitethe same [||]|::>10_ﬂ

=3

ency [Hz]

10

Power Spectrum Density [mlez]

-
<
T

Power Specrum Density of ATF Ring ground motion

-20

accelerometer

T
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STS-2 seismometer:

o' 10" 10"

Frequency [Hz]



PSD [m%/Hz]

Po%er Spectrum Density of floor motion and of the expected table displacements at ATF Ring

-

L=}
=]
=

. — Table with masses
10" | — Table without any masses
—Floor
-24 : : T T : : : e : : : oo :
10 1 | i i T | i i i T B A L i i i1 g
0.17 10" 10’ 10

Frequency [Hz] 28



..........................................

i —Table with masses 3
“i+| —Table without any masses |

v Difference of integrated displacement RM S from 0.1Hz to 100Hz

Frequency [Hz]

2

10

IntegrarBed Root Mean Square of ground motion and of the expected table d|splacements at ATF Ring
10 e A —

> With no masses: 2.5nm / With masses: 2.6nm—-> Below ATF tolerances!

v’ But phase differences between table and floor not taken into account

> Relative motion calculation to know the real difference of motion
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Coherence between table and ground vertical vibrations; No masses on the table

@
{ )

Coherence
[}

<

——Sunday 13 May 07: 20h |
. |—Sunday 13 May07:21h | M
. |—Monday 14 May 07: 1930 |

|| —Monday 14 May 07: 21h |

i . . . . . I ; A
10" 10
Freguency [Hz]

v M easurements with lowest electronic noise:
> Monday 14 May 07 at 19h30; Data taken for the analysis™




Power Spectrum Density [mz,"Hz]

10

_5Power Spectrum Density of floor motion and of sensors electronic noise; No masses
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10-25
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0.03 107" 0.16 10" 10" 10

Frequency [HZz] 31



ground motion PSD per sensors noises PSD and coherence between table and ground
10 —

—Sunday 13 May 07: 20h
——Coherence

|| —Sunday 13 May 07: 21h
——Coherence i
—— Monday 14 May 07: 19h30 | :
4 | | ——Coherence 3
—Monday 14 May 07: 21h
——Coherence

—_
(]
[az]

-
Q

]

Y
(o]
[
I
o

Signal per noise ratio and coherence
=
!

B I A o

al\..'l
3

0.03 10" 0.16 10" 10’ 10°

Frequency [Hz]

v Low signal per noiseratio - Low coherence
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Magnitude of table vertical vibrations transfer function; No masses on the table Magnitude of table vertical vibrations transfer function; No masses on the table
T T T T T T T T T 40 T H

| ——Sunday 13 May 07: 20h
—3Sunday 13 May 07: 21h P
1| |7 —Monday 14 May 07: 19h30 :

Fl ——Monday 14 May 07: 21 [ m0is

— Sunday 13 May 07: 20h
| ——Sunday 13 May 07: 21h
101 | |~ Monday 14 May 07: 18h30 _____________ e ________________ |
~]——Monday 14 May 07: 21h i :

10" | ! (R o

Transfer function magnitude
Transfer function magnitude

0.17 10 10 10 | | | | | :
40 10
Frequency [Hz] Freguency [Hz]

» Good repetability of measurements
—> Same value of eigenfrequency (74Hz)
- Same factor Q of amplification at the eigenfrequency

33



Phase of table vertical vibrations transfer function Phase of table vertical vibrations transfer function
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» Good repetability of measurements
—> Same value of eigenfrequency (74Hz: phase of 90 degrees)
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Coherence between table and ground vertical vibrations; Masses of 1400Kg on the table

| electronlc n0|se

Coherence

"I |— sunday 13 May 07: 13h40 |
| |—sunday 13 May 07: 15n00
'| |— Sunday 13 May 07: 16h10
| |—sunday 13 May 07: 17hd40 |

L IR

10° 10
Frequency [Hz]

v M easurements with lowest electronic noise:
- Sunday 13 May 07 at 16h10: Data taken for the analysis *°




Power Spectrum Density [mszz]

Power Spectrum Density of floor motion and of sensors electronic noise

-
L=}
L.
T
I

-
L]
P
(=]
I

L ! S S S
——Sunday 13 May 07: 13h40 |:
——Sunday 13 May 07: 15h00 |-
—Sunday 13 May 07: 16h10 |:
——Sunday 13 May 07: 17h40 |:

o . o

—Sensors electronic noise

0.03

10" 0.16 10" 10
Frequency [Hz]

36



ground motion PSD per sensors noises PSD and coherence between table and ground
0 L T T T T — T T

1

— Sunday 13 May 07: 13h40
. |7 Coherence Do
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Frequency [Hz]

Power Spectrum Density [mQ;’Hz]
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v Low signal per noiseratio = Low coherence -



Magnitude of table vertical vibrations transfer function; Masses of 1400Kg on the table Magnitude of table vertical vibrations transfer function; Masses of 1400Kg on the table
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» Good repetability of measurements

—> Same value of eigenfrequency (46Hz)

—> Same factor Q of amplification

at the elgenfrequency
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Phase of table vertical vibrations transfer function; Masses of 1400Kg on the table
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Phase of table vertical vibrations transfer function; Masses of 1400Kg on the table
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» Good repetability of measurements

—> Same value of eigenfrequency (46Hz: phase of 90 degrees)
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