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LAViSta Overview

il

-Brief summary of the last presentation in London

-Transfer of the former studies to alarge scale prototype :

- Description of the prototype with appropriate actuators.
- Results of the active vibration reduction

-Robustness : Development of one frequency tracking in real time
-Technology and location of the instrumentation

-Conclusions

Collaboration with IiSﬁC
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LAViSta

Pl

The Spectrum of disturbances is not a
white noise
(ground motion, acoustic noise...)

laﬂ Strategy of the approach Brief summary

Filtering by the
mechanical structure

The global effect of the disturbance

contains :
Feedback loop
- Some frequencies which are amplified
External
- All frequencies are independent perturbations

4

Strategy : to control independently
every main frequency

Stimcture to %
be stabilised | 2

Actuator
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lapp Brief summary
LAViSta Originalities of the method : the algorithm
} H .

m=) Usualy, aclassic algorithm (ex : PID), depends on the mode! of the process:

Setpoint r(t) Difference &(t) Command u(t) Output s(t)
+ > Corrector Z Process >

: &

It is not a classic algorithm, it is a compensation of the disturbance :
(without knowing the model of the process, only its behaviour at certain frequencies)

Unknown
disturbances dit)
Command u(t) l Measure y(t)
to compensate effect of of the effect of the
disturbances disturbances on the process

é Process

Corrector : :
(observer + state feedback)
r rb : 3 -
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qua\‘;,-psta Originalities of the method : the signal processing

il

m=) A nonlinear problem:

f () =asnivt+o)

Brief summary

(the force to be computed)

m=) Decompose each resonance as a weighted combination of sine and

cosine:

(measurement, disturbance, excitation)

f (t) =asinivt+¢) = 1 (t) = f.sinfwt) + f_ cos{vt)

where;

: UNIVERSITE
R sy

f, = acos(p)
f. =asin(p)
CARE / ELAN / EURQOTeV 2006 5



’GPP Test the algorithm with a small prototype Brief summary

LAViSta
i

Description of the prototype :

=
Accelerometer ”

. '.‘ | - . ~—

¥ R S ——ff=r | Thebeamin

/ ﬁ .u._i ‘ - A S i j _'_. b Eantile‘_’e'l' _mﬂdﬂ
i t 5 — —— .

(' 4

Loudspeaker

Collocation of two |
piezo-electric
patches

Actuator PZT
Sensor PZT (on top)
(bottom)
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lapp Results Brief summary

LAViSta o . . L
M%. Rejection of 6 resonances : (without and with rejection)

Spectral amplitude
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iNZbP A large scale prototype
LAViSta
? 4 N

Why a new prototype?

-To validate the algorithm on a large scale prototype, whose size, boundary
conditions and eigen frequencies are similar to the final focus.

-To validate the micro-computing which :
- manages noisy low signal with very high resolution
- computes the appropriate control of the feed-back in a limited time.

-To validate sensors and actuators which are performant, compatible and
adapted to the final focus.

-To validate the developed simulation for the prediction.

=) Movement of alinear mechanical structure < ground motion

PATATy
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ANNECY

lapp A large scale prototype
LAViSta The mock-up :

Pl

120mm

A
A

RO WY,

7

S LASSSLS
]
3
3

-
Section

A

t

LSS LSS ALY

Accelerometers

The beam In
cantilever mode

Clamping

The active
stabilised table

Location of the
actuator
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lapp A large scale prototype
LAViSta The actuator : description

il

Force =19.3 N The deformation of the
: : PZT patchesis
Maximal displacement amplified by the

=27,8 nm :
2 mechanical structure

Resolution = 0,28 nm

Mechanical
structure

Stacking of PZT

patches
(Produced by Cedrat) b 12.9 mm >
T _
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lapp A large scale prototype
LAViSta The actuator applies a force in flexion

i

Actuator

Rigid support
fixed on the
beam

Clamping Beam

Force applied to the
beam

Actuator

Rigid support allowing
the transmission of the
effort

Clamping

Beam in cantilever
maode

'‘RSITE CARE / ELAN / EUROTeV 2006 11
e AVOIE,




"-"PP A large scale prototype
LAViSta | The actuator applies a force in “proof-mass”

Pl

Sensor

The linear
structure

Actuator in
proof-mass

Mass Force applied to
the beam
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lapp A large scale prototype
LAViSta Results : rejection of 3 fixed frequencies of disturbances

Pl

Spectral amplitude of measured signhals

140 2|

120 F
Without control

100t /
B0t

GO -
g With
control
201
. 1 A 2 . Al o . — :
20 40 B0 80 100 120 140 16O 180 200 20 40 B0 80 100 120 140 160 180 200
Frequency (Hz) Frequency (Hz)

me) Efficient vibration rejection

POTATy
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"-"PP A large scale prototype
LAViSta Limitations :

CuMconfiquration . Fast prototyping with XPC Target in a dedicated PC

Etheret network

Input / Output analog
“ bhoard “
Texas Instruments
Development PC (host)  Dedicated PC (target) 16 bits with _
Matlab + Simulink XPC Target programmable gain
+ XPC Target Toolboxes

Configuration in test : DSP (“Digital signal processing”) of ProDAQ

Plant

-24 bits resolution

-Programmable gain...

-Adapted electronic for vibrations

possibility to reduce to
nanometer scale

CARE / ELAN / EUROTeV 2006 14
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LAViSta
Gl i

- As each frequency is rejected independently, the robustness depends on the
estimation of the real value of the disturbance frequency :

fZﬂ Signal processing Frequency tracking in real time

Mechanical
part

P id 2 o

SEeNnsor
actuator

Y] sigal |22 I [ Gl
. I ) Algoftithm 70 reSIgllding !,

(for opte frequency)

processing

Frequency tracking :
The recursive least
squares method

Tt AULNLY DIGDLLL, CARE / ELAN / EUROTeV 2006 15
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lapp Frequency tracking in real time
LAViSta Recursive least squares method

} a \_/.
Initial Method of “signal processing” :
Y, = Ys.sin(wt;) + y,.cos(wt,)

Signal processing |——p y
Pass-band filter |_| by the Least squares >

Sighal —p
| | | methoq | S‘,
Fixed pulsation w Fixed pulsation w ¢
Objective: Y = Yo.Sin(Wt; ) + ¥,.cos(Wt; ) R
Signal processing > Y,
: by the Least squares ~
Signal ——| Pass-band filter _,| y method wiclh —
. . recursive gradient
Ve E DU B Variable pulsationw
16
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lapp Frequency tracking in real time
LAViSta Recursive least squares method
} Hi \_/'
Considering the measurement has the following form:
y(t|) - ysSI n(VVti ) + yc'COS(\Nti)
The criterion to be minimized :

N
I(Ysr ¥e) = %-Z (¥, = y(t))>  (N:number of samples)
1

Matrix form: _
A snwt, coswt,
Y, snwt, coswt, (ySJ
Y.
Y Y sinwt, coswt, \"
/ PaN
H M

The matrix M which minimizes the criterion :

M=(HTH)*HTY

Ty

Nl R AVO T E
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lapp Frequency tracking in real time
LAViSta Recursive least squares method

il

Minimizing the criterion J corresponds to minimizing its derivative by the variables to be

estimated :
9 g 9J 0
Bys ayc ~—— o
Recursivity only for w
Which gives :
W =W — /18_‘] (where A is the dynamics of
j+1 MY - P
‘ J OW the recursivity)

The ending criterion of the recursivity :

J(Wjp) = I (W) ce

J(Wj))
d \ rb h -
D UNIVERSITE CARE / ELAN / EUROTeV 2006 18
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LAViSta
Pl

- External disturbance simulation with a step frequency function (response of a
1st order process) :

igﬁ Test (one example) Frequency tracking in real time

The linear structure

1 sensor for the
feedback
+ another, placed
on the table, to
measure the
e _ disturbance

A loudspeaker

m=) The loudspeaker generates a step of frequency which simulates, for
example, a change of speed of a pump near the final focus.

CARE / ELAN / EUROTeV 2006 19
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I AViSta

Experimental results

Tacking of frequency

Frequency tracking in real time

625 Spectral amplitude
25¢
B2
6151 Real 2
. frequency > Without
= = . .
5 o' 2 15} ~ rejection
i =
6051 g
+—_ Computed 5 al
ab}
60 frequency &
© © 6 @ | With
%95 40 6:3 g0 _l_im1e[]i[irl1 _— 120 140 160 180 I’ejeCtlon
Signal of command

035

Waltage

05

|

E]ESO B0S5 61 615 62 B25 B3 B35 B4
frequency in Hz

- Efficient rejection if the
variation is slow

't Steady Wrong
state frequency =no  Setting Return to steady
| . rejection:  regime: _State
12 40 60 80 100 120 140 160 180
Time in second
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lapp Location and technology of the instrumentation
LAViSta |Problem : No access to the area to be stabilised

N i

Where is the optimal location and what technology for the
instrumentation?

|

|

What are the effects of a local control on the global movement of the
beam?

How to be sure that the end of the beam is stabilised in real time?

|

Not accessible area for
instrumentation

\ v

& T ST ) N -
7 e

Cantilever mode Areato be Interaction point
stabilised

Final focus

CARE / ELAN / EUROTeV 2006 21




fgbp Location and technology of the instrumentation
LAViSta Small mock-up

il

The prototype :

7

Clamping

PZTO

PZTM top

L

Optical
sensor

.

T

PZTM hottom Beam
Experimental results :
Actuator Sensor PZT0 PZTM Optical
PZTO PZTM VG G
PZTO Optical G VG
PZTM PZTM N VG N
- No effect Good Very good

mmm) The rejection always works at the measurement point of the feed-back.

mm) The behaviour of the beam changes with the configuration.

Ty

G UNIVERSITE
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j"pr Location and technology of the instrumentation

LAViSta Numerical simulation of the small mock-up

W. Mode 1 at 12.58 Hz
\/ Mode 2 at 73.77 Hz

- Finite elements with ANSYS :

(Collaboration with LMECA)

- “Structural Dynamic Toolbox” is used to process the characteristics of the
model under Matlab / Simulink environment :

y{m)=Cx(n)+0ucn) -
®(r+ 1= n+Bucn) .

|'""ﬁ5|‘.tf'f3';t?’e |Z'3”P"g‘:|3_ transfert PZThas PIT
AMplTIcATon du vers les 2 PET trattement Electronigque PZT tension fittrée

yImI=Cx(n+0uln]
. > [N+ )1=Ax0m+Buln)

fﬁé?:iﬁﬁ‘ i )
[ iy, CARE / ELAN / EUROTeV 2006 _
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lapp Location and technology of the instrumentation
LAViSta Numerical simulation of the small mock-up

il

Example of the simulation :

PZTM top

2 PZTO0

A A AN A A AN
A \

PZTM hottom

Clamping

G Beam
Configuration of the test :

-Rejection of one disturbance frequency (1st mode of flexion)

“PZTM top” in actuator / “PZTM bottom” in sensor

-Monitoring simultaneously of :

- each node of the beam

e - the voltage of each PZT patch
i} CARE / ELAN / EUROTeV 2006 24



lapp Location and technology of the instrumentation
LAViSta Numerical simulation of the small mock-up

z M \/.
Behaviour of the beam

Results : (feed-back ON)

3000 -,

Soood

—
o
o
o
/

o
/

—
o
o
o
/

Displacement Z axis (micron)

-
Distance from the
clamping (mm)

(1t mode of the beam)
T,
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lapp Location and technology of the instrumentation
LAViSta | Large prototype

e i

The prototype :

Actuator in Seismic sensor
flexion (accelerometer and velocity sensor)

Clamping ‘Mechanical Actuators in
structure p‘r‘oﬂf—mass
Antinode of Node of 2nd
| 3nd mOde | que |
| 1 1 1 —>
Clamping Antinode of End of the
T8 2ond mode beam
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lapp Location and technology of the instrumentation
LAViSta Simulation of the large prototype

Pl

- Finite elements with SAMCEF :

- Simulation of the entire system :

SAMCEF MATLAB - Simulink
Exte rngl XPC target
perturbation -
| " Action of
-+ |
l actuators
Structure
Equations
of motionm"'h
Dynamic Results from I
Response ~ sensors
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lapp
LAViSta

Pt Conclusions

» Active feedback loop on a large scale prototype

mmm) Validation of the method for the micrometer scale
-—p Validation of the frequency tracking

-—p Requirement of an efficient hardware (data acquisition) to
get results at nanometer scale

e Choice of the location and the technology of the
Instrumentation

-—p First approach with experimental tests

-—p Requirement of simulation for validation (with accurate
updating models)

= Multivariable problem with many sensors and actuators

using different technologies
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