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Super Attenuator System

The seismic noise to low frequencies limits the interferometer antenna s sengvity to
detect gravitational waves. The gravitationd waves spatia deformations are on the

order of 10 -21 (ratio between the spatial deformations and the distance among the
mirrors of interferometer).

To achieve this sengvity is mainly about the reduction of the background noises
provoked by seismic vibrations and therma noise, which causethe mirrorsto oscillate.
Thisreduction is achieved using a Super Attenuator System, a system of pendulafrom

which the mirrors are suspended.
In detall, asystem of galley springs attenuates the seismic vertical noise . The wire that

sudtains following filters is suspended in the middle of this fir filter. A trapezoida
sted blade condtitutes each individua spring.
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Many experiments on the super attenuator point out a meta creep phenomenon on
those blades that in months or yearswould compromisethefilter functiondity. Then
studies have been started about the cregp phenomenon on blades, to use a right
materid to build thiskind of filter.



Cf?er

Creep Phenomenon

A dress applied on a metal materia can provoke a progressive deformation during
time. This deformation speedsup & higher temperature and it is caled “meta creep”.

At the beginning, there is an ingtantaneous deformation of the materia with speed
decreasing logarithmicdly; this stage is called “primary creep’. If the materid is
excessively loaded there is a secondary creep, the deformation speed stabilizes to a
linear behavior. This stage is the most dangerous, in fact if it is present at dl the
materid could eventudly bresk . Most materiad work in this state but with fracture
times longer than our life time at higher stress, just before the materid fracture thereis
the last stage, the tertiary stage, in witch the deformation speed increases rapidly.

By the microscopicaly point of view, the didocations of the crystdline structure can
explain more of the macroscopic deformeation.

A crysd lattice of atloms composes the metdlic materid.

This lattice can have some defects called “didocation” which change the equilibrium
of atoms. We can scheme two principa kind of didocation: “ edge’ () and“screw” .
To seeatypica example of edge didocation, let take a cubic crystal and let insert an
atoms plane dong the ABCD line. The additiond atoms and grid atoms interaction
changes the equilibrium postion dong the line CD. This line defines the edge
didocation.
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Fig.1. Edge creep

If after the Sdes glace, we obtain the helix configuration, as shown in the following
figure, and we obtain the screw didocation dong the line CD.



Fig.2. Screw creep

When a metd is under stress, the didocations can propagate aong the perpendicular
direction to the didocation line, without a materia transport but with only didocation

propagation. The phenomenon is more evident when the materid temperature
increase because the rise of kinetic energy indde the lattice.



Experimental Setup

The aim of the measurement is to sudy the behavior of specidly treated maraging
sted springs under high load to measure his creep rate. Having alow creep rate (~ 1
mm/day) is essentid to build mechanica devices that don’'t introduce noise in
gravitationa wave detector. The measurement is done using position sensors
(LVDTy) that give the position of aloaded cantilever spring. The measurement must
be performed in stable temperature conditions.

Mechanics
Severd blades of different thickness and length are available to be loaded on a

structure cdled “totem”. A hydraulic loading system is available to put springs under
gress and to load them with sted disks bent.

Thefina configuration is shown in the following figure.
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Fig. 3. Final mechanics configuration, also known as “Totem”.

A multichannd LVDT readout system was available. The block diagram is shown in
fig.3. This system has been put in operation and debugged.
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Fig. 4. Data acquisition block diagram.

The detailed electronicslayout isshownin Fig. 5.
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As shown in figure 5, a system of two digita controllers keep the temperature inside
the thermally insulted electronics box and totem box gtabilized within 0.1 °C.

LVDT Sensor: two coilscomposethe LVDT sensor. A pump signal, asinusoidal
sgnd, issent in the primary coil, that isthe oneinsdethe LVDT.
This driving coil current induces an dectromagnetic fiedd and a current on the
secondary coil. Two separated coils wrapped up in inverted phase, compose the
secondary coil.
We can messure the primary coil movement with respect to the secondary coil
measuring the induced signd on the secondary coil .

LVDT

Spring

Load

Fig.6.

LVDT Driver: Thisboard sends apump signa in the primary coil of the LVDT
sensor and receives the potentid difference from the secondary coil. It amplifies this
sgnd, rectifies it and sends it to the acquistion board. The circuit schemeisin the
following page, where RX isthe signa coming from the LVDT secondary coil, TX is
the pump sgna sent to the primary coil and the OUT is the amplified signa outpuit.
The circuit takes a RX sinusoidd signa and compares it with the pump snusoida
sgnd to demodulate the it. The demodulated amplified signd gives a potentia level
sgnd sent to acquisition board and directly proportional to the primary coil
movement.

Acquidtion Board: To acquire the signd coming from the LVDT drivers, we
used a PCI 6031, an acquisition board equipped with 64 channels. To reduce the
noise, we used the board in differentid mode obtaining 32 channels.

LabView software reads the data.



Software

Data Acquisition software: A Labview progran has been developed,
darting from asmpler verson, to read the data coming from the ADC.
The programs shows in 32 graphs the LVDT readout in red time at up to 250

cycles/'second and writes on a text file at fixed time interval average of LVDT
resdout.

From the frontal pand is possible to choose the scan rate, the buffer size and the
number of read out cycles over witch average each data run length.
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The datais FTP transferred under request from an andysis compuiter.

Analysis software: A MatLab program run on another PC or on a SUN
workstation reads the data from the text file and draws the sgnds as a function of
time.

Fig. 8 shows a typical set of voltages vs. time. The abscissa is in hours and the
ordinate in volts.
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Fig.8

The first graph is an example of LVDT readout, the second is the DAQ computer
screen with the monitor signas. The window from 1 to 4 are the voltage readout
from acircuit, useful to monitor instantareoudy the LV DT dity function or not. The
window 5 is the duty cycle coming from the heater inside the oven that contains the
totem. The window 6 is the duty cycle cooling fan insde the box that contains the
eectronics. The windows since 9 to 12 are thermometers ingde the oven, The



windows 13 and 14 are the externdl thermometer and the windows 15 and 16 are the
thermometer ingde the electronics box.

A smilar program has been used to check possible cross talks between the digita

controller sgnals and the LVDT readout channels, which were present in the past.
This effect was shown to absent in the present setup. A variant of this program has
been used to check the system temperature stability.
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Preliminary System Tests

The signd shown in the LabView data acquisition graphs seemed present to some
crosstalks between the digital controller sgnds. In fact the sgnas seemed to step
up and down in correspondence with the switch of the temperature controller.

To check if thereisacorrdation between the switch signa andthe LVDT signd, a
specid program reads the data from the test run and compares the signd coming
fromaLVDT with sgna switch on or off.

The LVDT dgnd is averaged both with switch on and off and the difference is
meade between each high and low .

The program does a histogram on those differences. We obtain a zero centered
hisograms, ruling out that the switch channe influencethe LVDT channels.
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Fig.9.

To check the gability LVDT drivers for different power supply voltage of the
system, we acquired a LVDT sgnals changing the power supply voltage and the
result is that there are not important effects on the sgnds.
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To test the temperature stability of LVDT drivers, we warmed the different
electronic components checking the LVDT readout and found that some resistors
and capacitors ingde of LVDT drivers were not stable in temperature. We
subdtituted those components and remade this test obtaining more sable
electronics.

To test the temperature and frequency dability of the Master Oscillator (see
schemeinfollowing page) wewarmed it using afrequency signa from 12 KHzto
15KHz. Infact, during the measurementswe useit with afrequency signal of 14
KHz . Theresultisthat there are not effects on the signd.
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LVDTs calibration

In the preliminary acquisition to test the system, we acquired data for many days
uninterruptedly and the LVDT signa seemed to be affected by a drift due to some

system ingtability.
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Fig. 10. Stability plots from the analysis program.

We could see in the second graph the jump of about 30 mV and in the last one a drift
of 10mV.

For this reeson we remade the LVDTs cdibration. The characterisic LVDT
cdibration curve is shown in the following figure. The graph represents the LVDT
readout voltage as a function of the primary coil movement. Asit isshown, thereisa
zone in which the LVDT signd curve is proportiond to the primary coil movement.
Thelinear zone is the working range of LVDT.
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Fig. 11. LVDT calibration

Moreover it is possble to change the amplifier gain insde the LVDT drivers to
regulate the dope. We choseasengivity of 3.5V / mm and mechanicaly regulated the
primary coil of eech LVDT in pogtion corresponding to middle of the linear zone.
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Mechanics assembles

Findly we assembled the mechanics on the support structure caled “totem”. We
mounted different kinds of blades in thickness and length on the totem using a
hydraulic bending sysem and then loaded the blades with different weights

corresponding to the rated load, to bring the blade stip in horizonta postion.

Blade’s characteristics are shown in the following table of the eight blades used in

the test.

L

blade

Fig. 12

Weight

Blade number Loads (Kg) Thickness (mm) Length (cm)
8 115.49 4.0 20.8
7 115.66 4.0 20.8
0 71.04 4.0 29.2
6 48.66 3.0 20.8
5 48.56 3.0 20.8
2 34.54 3.0 29.2
9 76.2 4.0 29.2
4 51.06 3.5 29.2

We darted the acquisition choosing to acquire at 250 Hz and write a data point every

four second.

The oven temperature was 30°C.
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First results, problems to solve and
following steps

In thefirg of acquigition, we discovered a strange blade s behavior.
The graphs of the position in detail showed a strange jumps.
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Steps were often happening in groups and during human activity, but in a seemingly
random combination, some up, some down and some no visible effect.

For long time we suspected data acquisition problems with the assumption that no
mechanical event will raise the postion of the masses attached to the blades. If a
catastrophic creep or dipping event must hgppen it will be only downward.
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Finally on Sept. 26" at 18:49 we had asmall earthquake.
The earthquake produced large LVDT reading changes, on some blades
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The only possible explargtion being that the verticdity of the center column of the
totem was tilted on one sde by, 100 to 200 microradians. If this tilt happens the
blades on one side will raise while the blades on the other side will lower and the
blades in front and back will not be (or be little) affected. Each blade will respond
with a step proportiond to the amplitude of the tilt in its longitudind direction, times
its integrated elongation from its at rest position to its loaded position. Of course no
earthquake effect isvishle on awitness LVDT.
This large events findly seems to explain some of the multiple small event visble
during the Minos working time. The observed smal steps can be easily explained
with smal (10 microradian) shift of verticdity of the totem, which in their turn can be
explained with the overhead crane movements.
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One could think of just gating out the daytime data and measure the creep with the
remaining night time data. Occasiond earthquake events could be reconnected by
hand. The problem with the Minos activity is that at the end of the day it does not
leave the totem in the origind verticality and it is difficult to determine the integrated
tilt and the creep measurement is strongly polluted.

One only solution seems to be to suspend the totem pole from its top with the aid of a
wire.

Then the totem will hang down and supposedly find itsverticality. Of courseit will be
useful to mount identical blades in opposite positions to both baance the totem pole
and dlow filtering of the differentid mode of the resdud variations of verticdity.

If we switch the graphs suppressing the jumps the graphs look like the followings,
witch correctly follow the logarithmic behavior
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Happily no linear behavior isvisible at least not yet.
Although thisdaais not believable, the behavior of fig. 14 and 15 indicates thet, once
solved the observed problems, the system will be able to correctly measure creep.
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