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The Problem

* Recent measurements using highly sensitive instruments have shown
increased dissipation and the appearance of random low frequency
noise in metal flexures.

 These devices include, but are not limited to, seismic attenuators for
Gravitational Wave CObservatories, seismometers and perhaps
instruments measuring of the gravitational constant.

* Hindering the measurements made with these flexures and seismic
isolation systems
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Where is this dissipation coming from?

The source of low frequency noise detected in gravitational wave seismic
attenuation systems is thought to originate from the dislocations in the
metal’s crystalline structure at the microscopic level.

Dislocation is a defect in the
crystal’s atomic structure.
Here we discuss edge
dislocations, represented by
the half plane in the image.
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Summary of Theory

* These microscopic defects have macroscopic effects
* Dislocations are highly prominent in all metals

* High carbon steels and maraging steel are to be
explored first because studies have already been
conducted on these materials and shown
equilibrium point fluctuations below 0.5 Hz where
the dislocations are able to entangle and create a
complex structure.

* On the macroscopic side this would appear as a
shift in flexure’s equilibrium point.



The SOC Experiment




Kimball and Lovell:
Measurement of Loss Angle
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Fig. 6. Curves of sideways deflection at end of shaft plotted against speed of rotation
for several different materials.

Deflection of Center
of Rotation Due to
Internal Friction

[5] Internal Friction in Solids. A. Kimball, D. Lovell, Phys. (1927)



The Experiment
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Aluminum Inside

Frames and Mount

T-Slot Aluminium Stepper Motor \

Extrusion Bars

4 for frame
/ 2 for base
T-Slots and Screws
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0O -0
O T-Slot Aluminium ~ o
Extrusion Corner #
1 at each front facing corner

Aluminum Inside M-4 Screws

Corner Bracket

1 at each corner

O Side View Front View

4000

2 for each inside corner,
5 for each outside corner Grade 8 Steel
Stainless Steel Nuts Washer Right Disk
To create space between disks Grade 8 Steel

Inside
Corner Brackets

Aluminum Inside
Screws ! Corner Brackets

Translational Axis M-5
Towards and Away from Rod 1 "
Y Translational Axis

USB Microscope Camera Up and Down
Alternating Pole

Magnets
Optical Turntable / Screws
M-5

T-slot Aluminum
Extrusion Bars

Front View \

Translational Axis |:| l:]

Rotational Axis Left and Right

Microscope Mount

Side View
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Holes for Screws Line along which Left

Qo 2 M-5 to fit to mount 6 M-5 to Disk was saw cut
create spacing
Right Disk

0.d.3.000” i.d. 1.375"
thickness 0.136"-0.160"

Aluminum Plate
Fixed to Main Frame
with T-slots and screws




The Experiment

Stepper Motor
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Stepper Motor

Trinamic MODEL QSH2818-51-07-012 MODEL TMC5130-EVAL

e 200 steps/turn

e 256 microsteps/step

* stepping noise : 51,200 X
rotational frequency

* Operating the motor at 0.08 A,
creates only 60 mW of power
dissipation on the motor
resistance of 9 Q.
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Motion at .1 rpm (2ND)

0.058139
8.2077e+5 |

y= a—b*exp(-(x—d‘)/c)

Error
0.046447 |-

3.8016e+5

0.95991

2.3551e+6
NA |-

NA

Thermalizes to:
T,=71.21+0.06°C
T,=75.32+0.05°C
(50 °C1r Troom)

Thermalization (57) within

34.7 - 35.2 minutes
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The Experiment

StainlessSteeITube i
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Rod Design

Brass Test Wire Bushing Brass Threaded Head Bushing
3/8” o.d. 1mm i.d. 3/8” 0.d. %-20 thread
\
\
Test Wire Stainless Steel Tube \‘\\ Screw Copper Disk Plate
Stepper 1mm piano wire 3/8” i.d. 0.01” wall thickness \  %-20 6.35mm i.d. 53mm o.d.
Motor \ \ -

O
ey

Brass Motor-Wire Bushing

) L Stainless Steel Ball Bearing
3/8” o.d. 5mm left i.d. Imm right i.d.

4.75mm

Sag of Rod Under Gravity

The flexure stress level can be changed multiple ways:

* Changing the mass of the copper disk

* Changing the length of the tube

e Tilting the frame, thus changing the angle of the
force applied by gravity

* Changing the flexure diameter 13



The Experiment
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Stepper Motor

A

CCD Microscope Camera
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Eddy Current Vibration Damper




m1 *sin(2*pi*(x-m2)/ m3)
*exp(-x/0.9825)

Value Error

11.12 1.2

2 0.0199 .006

3 | 0.25955| 0.0024
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w=2=_—2" __24362+0.004 Hz
T  0.257910
0 = Tw _ (27.4)(24.362) —106.2 0.2
21 2T
¢ = tan~! l-tanl—— =942 + 0.02 milli-radians
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’ I I I l I l I m1 *cos(2*pi*(x-m4)/m3)
= m1 *cos(2*pi*(x-m4)/m3)*exp(-x/m2) *exp(-x/m2)

Value | Error
| . T 22.45| 016 ||.....
e 0.229| 0.002

0.2644 | 0.0007
0.0908 | 0.0006
0.044159 NA [l
0.99992 NA

o

- 20 'q"o\’."‘

3
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x-position (pixel),

o
x-position (pixel)

y = m1 *cos(2*pi*(x-m4)/m3)*...
Value Error
29.5 0.3
27.4 0.4
0.257910| 0.000006
0.0049 0.0004
2102.5 NA

, , 0.9828 NA
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time (s)

V

Minimal Frequency Achieve almost

Shift with Damper critical damping!
T[s] 0T[s]
No damper 0.257910| 0.000006
Half damper . 0.002
Full damper X 0.0007




Initial Results



Tracking the Target

Template

5.5 pixel position error =
151um position error
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The Raw Data

1Hz left 0.5Hz left

* 1Hz right 0.5Hz right

Centroid Left ’ i Centroid Left

. . = Centroid Right
* Centroid Right , L entroid Rig
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x-position [um] x-position [um]

Suspicion: Contact with Eddy Current Brake and Noise
from Gluing Sample in Brass Bushings
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Finding the Center of Rotation

0.5Hz left
0.5Hz right
Centroid Left

Centroid Right
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Centroid Positions

Polynomial Curve Fit using Bootstrapping Method and
o error




Frequency [Hz] X [um] ox [um] y [um] oy [um] Ax [um] Ay [pum] Magnitude ¢ [radians] 4

[ [ .
n [um] [radians]
I I a clockwise -705.0431204 | 17.38480948 | 2128.065546 | 16.17022022
0.05 -515.4567176 |  200.6335374 553.1269692 0.0084 0.0003

counterclockwise| -1220.499838 | 21.66846895 | 2328.699083 | 14.78041749

clockwise -769.2187676 | 25.32793474 | 2162.614483 | 22.90867762
0.1 -580.4559033 | 193.2897986 611.79245 0.0093 0.0003
counterclockwise| -1349.674671 32.3064157 2355.904281 | 20.64387386
clockwise -787.0012455 | 39.29380679 | 2210.593728 | 32.24326905
0.2 -497.9756569 | 124.4197428 513.2835739 0.0078 0.0002
counterclockwise| -1284.976902 | 50.14229887 | 2335.013471 | 27.82479315

clockwise -757.0990577 59.75417122 2218.878636 40.11274887
0.3 -684.850828 109.7125948 693.5830953 0.0105 0.0003
counterclockwise| -1441.949886 70.40102238 2328.591231 31.9400132

clockwise -785.0183955 73.91538813 2218.748387 50.77154644
0.4 -655.8207983 133.4556213 669.2617741 0.0101 0.0003
counterclockwise| -1440.839194 84.71509025 2352.204008 36.92898495

clockwise -778.0979354 81.98026427 2193.572453 50.22247348
0.5 -679.7097049 157.7705196 697.7799222 0.0106 0.0003
counterclockwise| -1457.80764 97.19698283 2351.342972 40.96974107

clockwise -675.856223 1356713026 2176.615235 59.87064878
-795.1191666 97.25833473 801.0453625 0.0121 0.0004

counterclockwise| -1470.97539 151.2326711 2273.87357 45.94170071

clockwise -800.5543475 54.47301304 2254.329266 23.91432305

-694.7015838 |  74.77637231 698.7143883 0.0106 0.0003

counterclockwise| -1495.255931 62.9999566 2329.105638 20.06448893

— Average: 9.9 £ 0.3 mili-radians

—@— Loss angle [rad]

il Expected: 9.42 £ 0.02 mili-radians

Difference of 5%

Loss angle [rad]

™

Mild Steel, Cold Rolled
(Kimball and Lovell): 1.57 mili-radians

Almost a trend, which may be due to the
0.4 0.6 0.8 1 1.2
Frequency [Hz heating of the test wire from the motor.




Suspend from a GAS Filter
* Stabilize Temperature

°® 141 [ bl =+ Styrofoam Box, isolate experiment
PO S Itl O n M e a S u re m e nt ' .« Heat Sink, draw heat away from experiment

Water-cooling system, keep the system at a

P re C i S i O n . stable temperature

* Move to a collet mount for
fastening the test-wire

Q‘ ’r
Test Wire Stainless Steel Tube Screw Aluminum Disk Plate
Stepper ~1mm 3/8"i.d. 0.01” wall thickness %-20 6.35mm i.d. 50mm o.d.
M ‘ “
“or"
5' '.
\‘ P '-‘..\.
. .-
L)
\‘ .- ‘
"™ Collet Mount Collet Mount Brass Threaded Head Bushing Stainless Steel Ball Bearing
e Smm left i.d. 3/8" right i.d. 3/8" 0.d. %-20 thread 4.75mm
. -
an

Will remove the problem with the glue [EE



Future Improvements

e Eddy Current Brake
Modifications

* Move to a higher

quality steel s S
(Maraging)

Already given the disk more space to rotate. Next step,
testing Aluminum vs. Copper to damp vibrations.

* Tracking Program

2 mm diam

1 mm diam
05mmr I

Design for the Maraging test wires.

74% success rate with a 94% correlation threshold
using stop motion tracking of a single daisy




Tracking Program (In the works)
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74% success rate with a 94% correlation threshold
using stop motion tracking of a single daisy




Glassy Metals as a Possible

Replacement Material

Glassy metals have no crystalline structure and
therefore no dislocations. Therefore, they are
free of all dislocation-mediated loss mechanisms,
both the traditional Granato-Llicke and the

anomalous mechanism investigated here.

Chose to study Vitreloy 105

Failure! Both sets of glassy blades shattered.

The two remaining blades were taken back
to the grinding company and ground to a
smaller thickness. Tests were performed at
lower load, but the data has yet to be
analyzed. While the thinner blades do not
carry the desired load, the measurements
may give insight into the material’s low
frequency behavior.

Different kinds of glassy metals, including
lab grade vitrelloy 105 are being
considered.
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Conclusion

Have shown that the measurement of loss angle is
ﬁossible with the current experimental set-up,

owever, our results are most likely from the glued
sample. With the improvements outlined and
funding, we should be able to see the strange effects
caused by SOC behavior of the dislocations within the
crystal structure.

Although testing the Vitreloy 105 blades along side
the Maraging blades was a failure, the experiment is
ready for future testing and should provide useful
information for determining the low frequency
behavior of the glassy material in comparison with
the Maraging Steel.

28



Acknowledgements

* Dr. Riccardo DeSalvo

* Dr. Marina Mondin and Samavarti Gallardo

* Nicole Araya, Hope Hamamoto, and Greta O’Dea.
Caleb Schrebies

* William Johnson

 Montana State University’s ICAL Laboratory

e CSULA machinists Dave and Blake

* Production Lapping

* My colleagues: Bo Truong, Ronald Melendrez,
Allexander Kass, Michael Goff, Seth Linker, and Lamar
Glover

e This research was conducted within the LIGO scientific
collaboration and the thesis has a the following DCC
number: P1800114.



THANK YOU!



