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Why a Balance Tiltmeter?

« Compact, portable
 UHV compatible

« Can work inside the |
Virgo and LIGO
vacuum chambers




Flexure or knife-edge hinge?

* Mechanics de5|gned to compare the two
options




Other features

* Differential readout
 LVDT readout (easy)
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Other features

o Differential actuation
* Voice coll actuation ¢

« RF actuation (insensitive to magnetic
fields, power lines and solar wind
perturbations)
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Other features

 Elevation
mechanism

 Locks balance arm
for transport
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Other features

* Tuning masses to tune
resonant frequency

ol 7ol
4 & 4 &
+ 4+ + 4+

NN ZZ N
N N

S

® — 155.6 g below, 1.945 g*m
®— 155.6 g below, 5.028 g nuts above, 1.829356 g*m
+— 108.9 g below, 1.36125 g*m
& 93.2 g below, 1.165 g*m
y = m2*sqrt(m0-m1) EMAS Data Table
Value Error
m1 -2.7366 0.0025431 e
m2 0.059955 0.00019004 "
y = m2*sqrt(m0-m1) A
Value Error |{A | B

m1 -2.4123| 0.0024753
m2 | 0.0569701 9.4907e-5

y = m2*sqrt(m0-m1)

Value Error
m1 -1.0861 0.0046019
m2 0.060266 0.00057272
Chisq| 2.7969e-6 NA
R 0.99944 NA
S 0.04 /-
Iy ./. y = m2*sqrt(m0-m1)
né Value Error
= m1 | -0.97184| 0.090018
0.02 m2 0.05815| 0.0033011
Chisq | 7.488e-5 NA
| R | 0.95266 NA
0 1 1 | 1 ‘
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Other features

* Three-level, rigid,

Matrioska
wind/thermal shields
to minimize ambient
disturbances




R&D Strategy

It was found that Self Organized Criticality
controls dissipation and noise in metals at
low frequency

Expect larger noise when tuning at very
low frequency

Several flexure tiltmeters failed

Over last few centuries people weighted
gold and gems with knife edge scales

Try knife-edge configuration first




Balancing

* Tiltmeter mechanically balanced to 27.8
microNm balancing torque

* More accurate balancing possible in
system

* Applied 0.7125V balancing @ 39 uNm/V



Initial Results

Frequency tuning
with Electro
Magnetic Anti
Spring (EMAS) oo e

Behavior as
expected

Easily reach 10 |

®  Frequency (m3) w = \/(k/m)
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I I l I IZ - 004 |- y, y = m2*sqrt(m0-m1)
. Value Error

m1 -2.7363 0.0025709
m2 0.060019| 0.00020449

Behaves o f | s
smoothly! f :



L- LVDT-V-Out 1

L- LVDT-V-Out 1

Q-factor vs. Frequency (EMAS)

L- LVDT-V-Out 1

y = md+m1*sin(2*pi*(m0-cmin(...

Value Error
m1 0.072322| 0.00016113
R1_09-07-08_1148| m2 -42.652 0.003585
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m1 0.051388 2.475%-
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 Bumpiness
connected
with SOC
avalanches
seems absent




Q-factor vs. Frequency (EMAS)

Apparently quite

g00d L e
Low frequency -
quadratic g
High frequency -

exponential

Similar to flexures
results St
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Q-factor vs. Frequency (EMAS)

Cross check with e 1556 below,

g below, 1.945 g*m
Gravitational Anti © 1089 below, 136108 gm T
I A .2 g below, 1. g'm
Springs (more mass L Z2gbeow, 165"
above pivot point)
Fails to overlap above
30 mHz N

Need to repeat the scan
changing only the mass

distribution (no EMAS) ; * :
Scatter perhaps due to -
amplitude dependence s =~
of losses | | o
Computer feedback o — g g
delay falses Q-factor | e et
data L “.3... .ll: ::..T. o

More work needed



Hysteresis Testing

 Key parameter!!

* In metal springs hysteresis was harbinger
of SOC noise



United 3

Hysteresis Testing

Slow application and removal of force
Compare starting and returning position

-O.a
S 225 107 o.23 107 g 235 107 .24 107 S Zas 107 o258 107 g 255 107

Note: we can use EMAS even with phase delay because we do
not measure Q-factors



Hysteresis Testing
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Noise Studies

‘ ———LVDT (mm) ‘

| | n
F Ittl n Ove r S h O rt [m1*sin(@ pr (xm3-252103)mz2)rm4; m1=.0001; m2= 1, m3=.1; m4=0019 ]
R1_09-07-05_0316__09-07-05_2316

000000

stretch to eliminate 1, ]
ambient re-excitation at ™ e om0

LVDT ¢

000000

resonant frequency (air : ™ f?
conditioning + seismic ﬂ W
excitation) oo |-

O
C a I l S u p p reSS S O l I l e o [m1+m2*exp(-(x-m3)* 2/m4* 2):m1=1;m2=50;m3=.000000001;m4=0.0001; |
auss y = mil+m2*e; X-m3)* 2/m4n

noise by averaging over TTT A Fal o i
One periOd 7 ; m3 { -4 1.1824e-6

Residual give 65 nm
upper limit of noise

Digitization dominated
Can improve




Conclusions

Tiltmeter with knife-edge hinge worked well

Seems not to show Self Organized Criticality
(SOC) low frequency noise

Used low grade knife. Space for improvements
using TiN, Diamond, DLC coatings

Will test flexures to study SOC

Future work: more quality factor vs. frequency
testing, use Michelson interferometer position
sSensors
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