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LIGO Glassy Metals as a possible solution
for thermal noise reduction

Finite Elements Analysis of Glassy
metal flex-joints for
Interferometer mirror
suspensions
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LIGO

Glassy Metals Mirror Suspension

» 4 Indium coated |edges in the

mirror to attach the hooks with E‘f'
amorphous MoRuB membrane =
» Suspended by Glassy meta (4

(Vitreloy) wires

LIGO-G020558-00-R LIGO Laboratory



LIGO Glassy Metals Mirror Suspension.
Flex-joint Dimensions.

» Assembly(“sandwich” brazed): > Initial Membrane Geometry

“Cavaiers’ = Length: 2mm
+ MoRuB Membrane - Width: 3mm
= Thickness: 50um

+ Hook
10pum

S0umM

= No transition fillet

» Total Height 16.7mm radius
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“Uico

— Effect of geometry on Q-factor

» Glassy metals have lower intrinsic Q-factor than Fused Silica,
but much more advantageous possi ble geometries.

» Pendulum Q Factor

Qp ~ Qmaterial * (mgl—/k)
for k<<mgL/2

Membrane stiffness k=El

E - Young's modulus
| - Inertia of the section

|=wit3/12=st?/12
t can be decreased because of the
high Yield point of MoRUB (~=5GPa)
Small t means smaller k
e larger Q,
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LIGO =4 _ Effective Bending Length of the MoORuB
Membrane

» Need to have an
estimate of the initial
length for the thin part
of the membrane.

50um

> Definition:

The effective bending length is defined as
the distance from the beginning of the thin
part of the membrane to the intersection of
Its neutral fiber before bending and the
linear extrapolation of the straight part of |
the flex-joint’ s neutral fiber after bending. { 4——* 1oum
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LIGO rcp _ Effective Bending Length of the MoRuB
Membrane

> Numerical Simulations
made for

Constant bending angles
a = 0.7degrees, 5 degrees
and the extreme case of
45degrees

with

traction loads varying from
0 to 90N.
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LIGO ~c4 _ Effective Bending Length of the MoORuB
Membrane

> Results;

v Similar curve shapes

v Nearly identical values for small
bending angles (0.7 and 5deg)

— BendL{0.7deg)
— BendL{sdeq)
—— BendL{45deq)

BendLength ¥5 Load for a 500micron membrane

160 10°°

140 10°% e — o oo promraeneeees N

T (i O SO SONO R SO SRR _

The effective bending

Ilm length for loads
above 70N islessthan
B A0um on both ends of
e e e e the membrane.
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LIGO

FEA — Natural modes of the suspension system

> Alms:

v Extract Violin modes
and

Vertical bouncing modes

of the glassy metal
suspension system.

v Compare them to those

of fused silicawires.

Sensitivity (strain)
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LIGO FEA — Natural modes of the suspension system.
Violin modes.

» System parameters for
glassy metals and fused

< T

) X-direction,
Z-direction 4/'
v Length=1m T
v Fiber diameter = 0.3mm
R I Not to scale. @
Vitreloy fiber + MoEuB Flex-joint + Mass (V) Fus-:aii:wS:lh:i
Pre-strained Pre-strained Pre-strained Pre-strained Loaded to
it 1.5% e 1.75%4% it 1.5% o 1.7504 (.60 Pa
(7 0. 3mum) (& 0.3mm) (€7 0, 3mum) (€3 0,18 2mm)* (€7 0, 3mum)
First frequency 2 - - B
Firstfrequency 2 | 540 561y, 256.27 Hz 259,88 Hz 256.47 Hz 258.58 Hz
First ﬁ‘fgu:'ﬂr:y M 23902 He 255,16 H= 261.7% Hz 255,43 H= 258.58 He
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LIGO £A - Natural modes of the suspension system.

Violin modes.

>

hook.

In the mass of the moving part of the

> Insignificant changes in the natural modes

1000mm Vitreloy + MoRuB Flex-joint + Mass (B)

025*Mass 05*Mass Ma=s 2*Ma==s 4*Mass
i First frequency £ 24381 Hz 24 381 Hx 24 380 Hz 24 380 Hz 24378 Hx
= =
5 g 5
= £ ky _
= First frecuenoy 2 24 560 Hx 24 560 Hx 24 560 Hz 24 560 Hz 24 560 Hx
& Firat frecquency £ 20695 Hr 20694 Hx 206.94 Hx 20693 Hz 20692 Hx
3 g 2
=
L EE Fitat frequeticy 2 20849 Hx 20849 Hx 20849 Hx 20849 Hz 20849 Hx
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LIGO A — Natural modes of the suspension system.
Vertical bounce modes.

» Vertical oscillations depend on the e ongation of the
fiber under load.

> can be safely loaded up to
(elasticity limit given at 2% deformation and large critical defect size).

II‘ Low values for vertical bounce modes.

Glassy Metals Suspensions (1 meter) Fused Silica fiber (1 meter)
Pre-strained Pre-strained Pre-strained
io 1599 io 1.759% io 1.8%% L"“g;'ll];"]ﬂﬁfh
(0 0 3mm) (& 0 3mm) (& 0 3mm)
Wertical
oscillations 4069 Hz 3.77T0 Hz 2716 Hz 5400 Hr
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LIGO rea - Harmonic response of the suspension
system.

Excitation F for the Point 0 (P0)

harmonic analysis

> A re a g/IoRu3B inembiane
good mechanical attenuator?

Spring (k) ~_

Combinl4 elements

M3 = 0.144e-3kg
Mass21 elements

> Plot the transfer functions for
the response to a harmonic D>

excitation. \

M2 = 0.144e-3kg

> Finite Elements model a2 lement

MoRuB membrane

Beam3 elements ————p»

<+“—>

M1
Mass21 elements
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LIGO rea - Harmonic response of the suspension

system.
» Conditions of anaysis - g _
Fused Silica and Glassy i
Metals: : L __'__I
> 1 meter length ] |
» Vitreloy —1.5% strain g
» Fused Silica— 0.6GPa s

> Results:

> Good mechanical attenuation
» Fused silicafibers dlightly

better

L1GO-G020558-00-R
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LIGO

FEA — Harmonic response of the suspension
system.

> In the mass of the upper part of the hook.

» No changesin the transfer function

—¥100k1
—¥Im100k1
W1i2m100k1

Yitreloy Transfer functions for different values
of the intermediate mass - 1/2M, M and 2M
T

R SR

. M=0.144e-3kg

-
[==]
[

Amplitude (Arbitrary units)

1 10 100 1000 10t
Freq(Hz)
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LIGO

What else?

» Ansys is fine, “It's not always the first girl who
make the best wife” (R&D).

» X-ray diffraction and phase transition in MoORuB (Brian
Emmerson and Barbara Simoni).

» “New” furnace —
much better temperature <o
control 800 -

750

Temperature Profile

700 -+

650

Temperature (C)

600

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Distance (cm) from fur nace center
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LIGO

What else?

B35 subsFacian

» Found problems. ® =

LigeB17T-5min at B35C

1 2040

» Figured out a possible
solution. © ot

il i Ny | v DRI EOSScr| LUy S L e Ll

> Work continues. g
% {00 - | an } H } o

E 700 a1t \ ; i ! J

iy r_ k- .?/,,;.. SN RN TS ——

-dna | | i | | |
o 20 0 &0 oo 100 110 140

Angle (ZThets)
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LIGO
Study of the MoRuB blade

e Best geometry: transition between
10 & 50 microns

e Distribution of Strain Energy in
the Flex in one Oscillation

e Maximum Angle of the Flex loaded at 80%

e Thermal Properties: results, accuracy
& improvements

LIGO-G020558-00-R LIGO Laboratory
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LIGO

GEOMETRY OF THE MEMBRANE OF MORUB

Transition between 50 Microns thick to 10 Microns for Minimum Stress
Concentration
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LIGO

GEOMETRY OF THE MEMBRANE OF MORUB

Boundary
conditions: Conditions of the Analysis:

Area "Clamped"

e Pure traction on the Bottom:
75N Load turned into a
pressure

e Area Clamped on the Top

We vary the transition shape
Load: ..
under the same conditions.

Pressure

y <—
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LIGO

GEOMETRY OF THE MEMBRANE OF MORUB

.}
Smooth Distribution
aff thee Stress

radius
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LIGO

Location of Strain Energy

L1GO-G020558-00-R

Let’s take a simple pendulum...  FOR ONE OSCILLATION

For every Material: Loss= S

MATERIAL

E¢ =Strain Energy,
Quiareriar = Quality Factor of the Material

For the entire system, (as an approximation):

ES + ES

—5 —5 4+ Es
Braze a
QMoRuB QBraze

Hook t...
QHook

Losses = Q' p.»

a, =fraction of Energy stored by the Component i

2 Q factor of Braze is expected to be very low.

... Braze affect the efficiency of the MoRuB Flex-joint?

LIGO Laboratory 24



LIGO

Location of Strain Energy

CONDITIONS OF THE ANALYSIS: Comparison between two positions of the Flex-Joint
in a 2-Dimensional model

Linex "Clamped "

Koy oo oditsomrs
FEcrEl O ransvera
Farer om e bsbiom

TEN olivgrilvae d

o e modex “Bent”

HQuiet” =
position

position
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LIGO

Location of Strain Energy

The principle
_ .-'.::
ORI ===1

Meftnraren b

10 ;
5107 - |
|
- art -
. E
- E
2
=z -
10
110
-1 DI
TP = d

“Bent” position
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LIGO

Location of Strain Energy

We do the same in all layers and Integrate the Curves.

We found a Amount of Strain Energy of: 2.05E-5 Joules in the MoRuB membrane
BRAZE

Basically the same principle.

We find an amount of Energy of: <2.14E-8 J

Ratio between the two amounts of
Strain Energy

a
—MoRB 71000

a

Braze
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LIGO

Maximum angle of the Pendulum

L1GO-G020558-00-R

* Digplacemeni

113 N Load

e Pendulum loaded at 80% of
the Yield Point

e Moved aside until the Yield
Point

e Measure the Angle
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LIGO

Maximum angle of the Pendulum

L1GO-G020558-00-R

LIGO Laboratory
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LIGO

Work on Thermal Properties: Still goes on...

Heat Capacity Measurement: we already have an accuracy of
30%, and figured out how to
improve to 10%.

C= 132 J/K/g at 380K

Thermal Conductivity: we have completed Measurement

of MoRuB, and the technique is
improving.

K =42.19 W/K/m at 350K
K=27.77 W/K/m at 300K

LIGO-G020558-00-R LIGO Laboratory
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