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® Actuate SCI| to maintain TM|I free-fall « ® Actuate SC to maintain TMI free-fall
e Actuate SC2 to maintain TM2 free-fall + ®  Actuate TM2 to follow TMI (or SC)
°® 5&12 = 5&1 — 5&2 ~ \/55&1 E ® 5&12 = 5C~L1 — 5C~L2 7& \/55&1

o (5&2 > 5&1 — 5&12 ~ 5&2
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Quantitative Motivation
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® FElectrostatic actuation noise may limit our ability to measure forces on the TM
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’ Data Analysis Challenges
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Windowed Approach

® Approach 0; | [ Window]

® Build a customized window that smoothly
goes to zero at each gap location
(suppress gap transfer function)
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® Apply normal PSD estimation techniques :: I
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Residual Differential Acceleration

I T TN I HpA T f o
HITI I =1 — IRt EI—— —|FA T - - — it e T — ot = HE T - —
Wrr o or e I T T 1 e
i e i e Mmoo T T - Tmt T 7
I N T NN meee o T R T T NN

ITITI 71~ NmiTri—i Tmnarr - TmTT 1_,.-. TmMOAT T MIMTITTIT

e mrre e e LRV S LR N | e
e merre e e e 1 nirer o e
MITT I == SNt === == =t Lot Sl L1 o B S Bl 0 ol I ol B B By
el merrer o LIRR N B I | gy mree e e
mrre merrr o mrre _______ [} e merrer e
mrre merrer o mrre __v_w_.___ [} e mererr o
e meere e e irrre e meeer o e
A1l i 4 TR TV - TR | TFA N -

o N
- -
I I

-13

- <
- -
I I

results from STOC Sim #3:
Able to recover performance

near science mode

® \Nindowed Approach Results

2C0s

wn
o o o o o 'e
1

[/, -ZH 2 W]

performance and perhaps

below.

configured properly, may not
have been actuation noise

Not clear if noise floors in
limited

OSE simulator were

LISA X - Gainesville, FL - 2014.05.20

J.L. Thorpe - NASA/GSFC



® Approach

® apply low-pass filter and detrend data between
gaps

®  Fit analytic model to resulting spectrum

® Compute transfer function of gap process

® Apply “inverse gap transfer function” to model
spectrum

® Results (noise only)

® Significant improvement over simple gap filling
(e.g. straing lines, splines, etc.)

® Some bias introduced at low frequencies
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® Approach

® Fill gaps with random data generated from an
assumption of an underlying noise spectrum

® Algorithm
® Create two-point function from model spectrum

® draw zero-mean random samples matching that
distribution

® use data adjacent to gaps and two-point function to
adjust mean of random samples

® Update spectral model and iterate if necessary
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Gap-Filling Results

Noise Only Test Complete Problem
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® Gap filling technique works well, but is slow

® Residuals from imperfect subtraction of parabolic flight corrupt spectrum in full
problem
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® Alternate Control Design

® Use existing validated controller modes

® Select mode based on instrument state
variables

® Features

® Automatic compensation of changes in
gravity gradient, noise levels, etc.

® irregular gap intervals (possible advantage
for data analysis)
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< Drift Mode in the Lab

2C0S

..................

® U.Trento Torsion Pendulum Experiment

® Apply external torque to mimic LPF gravity
gradient

® “Suspend” test mass with kick-controlled
torque to recover nominal angular position

® Measure noise in kicked case as compared to
zero-gradient case
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® accelerations of 6x10-'9m/s?, free flights of |

~225s, impulses of ~25s 5
£ o
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® AEl Interferometry Readout
® Mimic TM motions in drift mode with piezo
mirrors, check how IFO tracks motion 2000
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Time (s)
® UF Torsion Pendulum Experiments Credit:W.Weber
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& Conclusions
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Free-flight experiments allow validation of drag-free flight in the presence of
actuation noise

Multiple data analysis strategies have been developed, all with some success

Work remains to finalize and validate analysis pipelines in preparation for
operations

Experimental work will generate data with more realism, providing further
tests for the DA pipelines
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