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Tolerance of vertical relative positioning between the two beams
to ensure the collision with only 2% of luminosity loss: 1/10nm

Below SHz: Above SHz:
Z> Beam position control with Need to control relative motion
deflector magnets efficient between final doublets



Context

Major source of vibrations: ground motion

Ground motion at ... et in the LEP tunnel

1=LEP (CERNI)'I (W. Coozamans af al, 1893)
L 4 Hz
1 d Nodal displacements (DX,DY,DZ) (Displacement, \ibration Mode[3]:100.9858017 Hz)

Resonances of a canteliver beam:

ground motion amplified by a
B, factor 10 or 100

Specifications to control FD relative motion (>5H2z)

Active stabilization of FD down to 1/10nm
Ground active isolation and active rejection of FD resonances




Context

LAViSta (Laboratories in Annecy working on
Vibrations Stabilization)

v Partnership between 2 laboratories in Annecy for mecatronics
» LAPP (Particle Physics)
» SYMME of Polytech’ Savoie engineering school (automatics)

v" Since 2004: Study on active rejection of resonances of linear
collider final doublets

» Continue work done by CLIC team from 2001 to 2003
(work only on ground isolation)

» 10 international workshops and meetings in different countries
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Sources of vibration
Ground motion,
acoustic noise

v" Since 2006: Study of supports for the final doublets of ATF-2
» Partership with laboratories in Japan (KEK) and France (LAL and LLR)

» Application of the R&D developed at LAPP on a real machine



Overview

1. Feasibility study of sub-nanometre measurements

2. Vibration study of a canteliver beam at high frequencies

3. Feasibility study of final doublets active stabilization down to
1/10nm for f> SHz

v' Active isolation from the ground: commercial system

v' Active rejection of canteliver beam resonances: home-made

4. Conclusion and future prospects
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Type of sensors Electromagnetic | Elecirochemical Piezoeleciric acceleromeiers
geophone geophone
Model GURLLP CIWG- sPS00-BE EWNDEVCO 36 39ZB12 4507B3
40T
Company (Fensiz FIVD Scientific | Briel & Kjaer FCB Brilel & Ejaer
Piezotrorics
Sersihility 1600V s 2000 frads 10Viz 10¥ig PamWg
Frequency range [0.033; 50] H= 0016775 Hz | [001;100] Hz | [0.05;,4000) Hz | [0.3;6000] Hz
Measured noise 005t 0.0 5t 0.25mm 11.1%nm 1001

(f = SHz) =50Hz: 0.0Z2nm | =300Hz: 4 2prn

Sub-nanometre

measurements
Non-magnetic -
Can be put on a small structure
— '\ J
Y Y
. <100Hz > 100Hz/\ —
el Modal

Ground motion measurements .
analysis



Feasibility study of sub-nanometre measurements

Acquisition system acquired by LAVISTA team

v' Data analysis: PULSE system with state- Of-thegrt electronlc_s
.

» Modal analysis with impact testing hammer

» 16/24 bits with amplifiers of variable gains
—> Good resolution and high signal to ADC noise ratio

v" Active rejection: DAQ PCI6052E without 1ntegrated electronics
Signal condltlonlng DAQ PCI6052E

Same positive points
than PULSE system

> Active HP and LP filters and amphﬁers » Compatible with our algorithm
» AC/DC, Single-ended/Differential » Low level card: very fast



Coherence between signals of GURALFP sensors and between signals of ENDEVCO sensors

DSP of floor velocity and of floor acceleration and DSP of sensors noise
1 . : ‘

—Floor velocity (GURALP)
— Acceleration velocity (GURALP, calculated)
—Velocity noise (GURALP)

—Acceleration noise (ENDEVCO)
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v' At low frequencies (<5Hz):

» High ground velocity Velocity sensors: Accelerometers:

GM measurements GM measurements
possible < few Hz > few Hz

» Low ground acceleration




Coherence between signals of 393B12 sensors PSD of floor motion during the day at LAPP measured by 393B12 accelerometres
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v" At high frequencies (f > 300Hz):

> High ground acceleration) | Accurate measurements of ground
>| motion at high frequencies with the
393B12 accelerometers

> Low sensors noise




0" Integrated RMS of measurement chain noise and of SP5S00 sensors noise
: J .. "Noise of the méasurement c‘hainr ]
0.05nm N Noise of SP500 sensors
- | v
E .y
§ 10" Y
=> Noise of PCI6052E system very low
£ compared to noise of SP500 sensors

N SR Efficient signal conditioning
requency [Hz

=> Integrated noise of SP500 sensors from SHz to 7SHz: 0.05nm

Sensors and instrumentation answering CLIC specifications for

active rejection of vibrations (1/10nm for t>5Hz)
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Overview

1. Feasibility study of sub-nanometre measurements

2. Vibration study of a canteliver beam at high
frequencies

3. Feasibility study of final doublets active stabilization down to
1/10nm for f> SHz

v' Active isolation from the ground: commercial system

v' Active rejection of canteliver beam resonances: home-made

4. Conclusion and future prospects
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Effect of the earth Cultural noise

Example of amplication of 8 mechanical structure

v" Vibration study of a canteliver beam for 11::_ff.ﬁ.ﬁl_:f:??.li'?}5“"'-f"';”'-?}_"7?_?}"?:?:-__-

» Amplification at resonances

» Impact of acoustic noise




Vibration study of a canteliver beam at high frequencies

v" Study done on the bandwidth [800; 1000] Hz M.

of a resonance at 881 Hz | 4189

|
» Floor displacement very low: 3.26pm g~ C

éimple beanf

» Beam displacement: 19pm

N.B.: Measured integrated noise: 0.69pm

4.\3[) of the free part and fixed part of the beam measured with 393B12 accelerometers Free ang fixed part of the beam |ntegrated displacement RMS measured with 393B12 accelerometres

10 . —— lllltegrate(iw> TN
| —FixTed part : RMS 3 g [

| — Noise of 393812 acceleromsters

Displacement ASD [m#Hz]
Integrated displacement RMS

| ——Free part

[l —— Fixed part

— Integrated corrected dlfference of 393B12 accelerometres Cm
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Vibration study of a canteliver beam at high frequencies

Simulation thanks to a loudspeaker of a pump inducing
higher ground motion and higher acoustic noise

Loudspeaker: sinusoidal noise at 881 Hz of different levels

(the Vlbratlons of the membrane mechanically induce ground vibrations)
W -. - .

Elastic

Passive damping:

Isolatign of the
loudspeaker from
the groynd not to
excite it{tpo much

mecharically

ophones -
, pressure) 5

Elastomer



x 10" Integrated displacement RMS of the free and fixed part of the beam
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Acoustic noise of 49dB (No Ioudspeafker):
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Integrated displacement RMS [m]

» Exceed tolerances (1/10nm)

=
3]
T

0.0y el N I » Factor 24 of amplification
45 50 55 60 65 70 75 80 85 a0 ‘a5
Integrated acoustic pressure RMS [dB/20uPa]

v' Displacement of the beam: factor 24 of amplification

» Factor 3 due to the displacement of the clamping

- Factor 8 due to the acoustic noise
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Overview

1. Feasibility study of sub-nanometre measurements

2. Vibration study of a canteliver beam at high frequencies

3. Feasibility study of final doublets active stabilization
down to 1/10nm for > SHz

v' Active isolation from the ground: commercial system

v’ Active rejection of canteliver beam resonances: home-made

4. Conclusion and future prospects



” Active isolation from the ground: commercial system

Presentation of the STACIS commercial system

Controller :
Control actuators from geophone data

Geophones

Isolator: /

Load

o :‘l‘ | T
Rubber __ __ T i

v Elastomer: Passive isolation o
v" 1 geophone / 1 vertical actuator }Active Sering ﬂ:/\ qg—j i

| Piezoelectric
v' 2 geophones / 2 horizontal actuators ) isolation Flcor | e S actuators




Integrated RMS of table and floor motion between 5Hz and 100Hz

=» Factor 16 of daﬂiping J
between SHz and 100Hz BN — »
down to 0.17nm T e

Frequency [Hz]

=» Feasibility of active isolation from the ground down to

the sub-nanometre level above SHz proven
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Overview

1. Feasibility study of sub-nanometre measurements

2. Vibration study of a canteliver beam at high frequencies

3. Feasibility study of final doublets active stabilization
down to 1/10nm for > SHz

v' Active isolation from the ground: commercial system

v' Active rejection of canteliver beam resonances: home-made

4. Conclusion and future prospects



Actuator in
flexion

Seismic sensor
(accelerometer and velocity sensor)

 Clamping

‘Mechanical
structure

Actuators in 2.5mlong

p‘l?'.l}(}f~:m.ass

» Actuators used for active control

- A stacking of
PZT patches -

v Force=19.3 N
v Maximal displacement = 27.8 um
v" Resolution = 0.28 nm



Ex : force (actuator)
applied to a point

» Realize modal analysis

» Perform dynamic response computation (under external
perturbation and active control)

NB: possibility to update the structure to be as representative as
possible with respect to the real set-up



SAMCEF MATLAB Simulink
FE Model State-Space State-Space
] ﬁ ] ﬁ
Creation Model Creation Model Use
55 : . &’ . 0ut1:
M) +Cj(’z2;(“(” x = Ax+ Bu 2| X=Ax+ Bu [az
- P
M : mass matrix y = Cx + Du hX, y = Cx + Du Rl

C : damping matrix

K : stiffness matrix

X : state vector
u : input vector

y : output vector

In : accel/ force perturb. + force actuator

out : acceleration / velocity / displacement




—— S

feed-back loop ) 1

Acceleration

model —p [

speed

o[ 1

Clock1 spectre of disturbance

Displacement

v" Interests of the simulation

» To adjust the feedback loop

» To increase test possibilities (multiple configurations for sensors / actuators)

»> To analyse the behavior of the entire structure
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Active rejection of canteliver beam resonances: home-made

Experimental test

&y ]
Actuator in _ ?}(a |
flexion mode <

L
M

i

Sensor used for

the feed back

Sensor used for
the reference

Beam (2,5m)
1‘ PCI6052 DAQ:
Acquisition of sensor data
v Ground motion as only excitation and control of actuator

v' STACIS system in parallel with our algorithm of active rejection

v Active rejection: the two first resonances (flexion mode)

N.B.: Our algorithm of active rejection has been adjusted
thanks to some simulations



Transfer function magnitude of the canteliver beam

. D . —Active rejection
Wl —No active rejection |

| 2 resonant |

r_lﬁtegrated RMS of the beam motion between 5Hz and 80Hz
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=> Factor 60 of damping between — 1o stbieston e
SHz and 80Hz down to 0.13nm o Iiegrten nose of e messuement chain|

1

5 10
Frequency [Hz]

= Instrumentation and algorithm efficient for an active rejection of

wide vibration peaks down to the sub-nanometre level above SHz
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Overview

1. Feasibility study of sub-nanometre measurements

2. Vibrations study of a canteliver beam at high frequencies

3. Feasibility study of final doublets active stabilization down to
1/10nm for f> SHz

v' Active isolation from the ground: commercial system

v’ Active rejection of canteliver beam resonances: home-made

4. Conclusion and future prospects
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Conclusion and future prospects
v Vibration sensors and instrumentation

» Ground motion measurements from low to high frequencies
(0.1Hz - 2000Hz)

» Measurement chain found for active rejection of CLIC final doublets
vibrations (1/10nm for f>5Hz)

» Collaboration with PMD Scientific company to test new
electrochemical sensors tending toward the final specification of CLIC

» Test of small capacitive sensors with 0.1nm resolution (P75211C of PI)

v Vibration study of a canteliver beam at high frequencies (>300Hz)
» High impact of acoustic noise up to at least 1000Hz for CLIC FD

» Measurements to perform on canteliver magnets in an operating
accelerator site



» Stabilization to do on a more complex structure closer to the FD design

!

Smulations give us information about optimal location of
sensors and actuators and their number

Smulationswill allow us to follow the evolution of final
doublets design



