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Introduction JPI_ PFF experiment on optics benches JPL

The System Testbed-3 (STB-3) is part of the technology development for
the Space Interferometry Mission.

The testbed activity is focused on the Dynamics and Control part of the
mission.

The primary objective was to demonstrate the ability of SIM to stabilize
fringes of faint science stars on the science interferometer, in the presence
of emutated spacecraft attitude control in the sub 1 Hertz frequency
regime.

This was achieved by “pathlength feed-forward” (PFF); using fringe
Ei information from the guide interferometers staring at bright star, to
contro! the science interferometer.

* Initial results were presented in Munich in 2000.
* Most of the performance testing has been conducted in 2000 and 2001.
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@ STB-3 Phase 1 Testbed Configuration _IPI_

Actual: OPD = OPD, - OPD,,

A

Data: & Mes Mg Pathlength Feed-Forward

TEEE AEROSPACE 2003 csiosirs ooes i FTTRET Miavch 5% 3003 - Goullioad 5 | TEEE AERGSPACE, 2003 irecrsss aaaii PP Niarch 0% 2007 - Goulfowd €
—a 200 Colliceud 5 ] e TEEEARROSPACH 2003




3 Baseline Diagram Jpl_

Path Feed Forward Diagram JPL
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Path Feed Forward Summary JPL

@ Path-Length Feed-Forward (Ambient) JJII

Fringe stability with PFF in Science Interferometer is
currently 45 nm RMS for frequencies below 1 Hz.

This noise floor was proven to be limited by atmospheric
disturbances in the lab.

Steady state rejection performance of PFF has been measured
for both pitch and yaw.

PFF Rejection levels range from 50 to 80 dB below 1 Hz.

* On-orbit like attitude disturbance have been rejected to the
ambient noise floor.
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PFF: ACS induced Yaw @ 0.01 Hz  JIPL
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@ Path Length Feed Forward: Performance JI{ @ SFRPL0L

Rejection of On-Orbit Like ACS Disturbances
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On-Orbit Like ACS Disturbance JPL @ PFF Rejection of On-Orbit Like Disturbance: Yaw JPL
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TRW supplied us with a PSD estimate of Yaw and Roll ACS On-Orbit ST A Enirieacs, T
Disturbance. : &
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Using this PSD we created a Kalman Signal Generation model to generate - 2
On-Orbit like ACS disturbances in the lab. D) %
The disturbances generated are random with about 99% of disturbance . ;;
power below the 1 Hz frequency. Disturbance level is about 55 @
. P
micrometers RMS. % M £
PFF rejection of these On-Orbit like external disturbances was consistent ] - ot
with steady state tests run thus far. (i.e., same noise floor was measured H]
during these experiments as those measured during steady state o
measurements)
-
The system was run for over one hour in PFF mode.
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Dim Star Fringe Tracking Goals JPL

Combined Dim Star Fringe Tracking
and PFF Tests

Use a very low bandwidth fringe tracking loop (in addition to
PFF) in the Science interferometer to eliminate drift.

Exact bandwidth of fringe tracking loop depends on Star
Magnitude.

In STB-3, design and implement a dim star fringe tracker for
a Magnitude 15 star (i.e., 1 second integration time).

j* Science interferometer drift is eliminated with addition of the
| Dim Star Fringe Tracker.

* Dim Star Fringe Tracker and PFF can be blended; the
m combined rejection is the sum of the rejections.
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Rejection of On-Orbit Disturbance
using PFF +DSFT JPL

@ Path Length Feed Forward: Performance JPL

Measured Rejection Performance:
DSFT, PFF, & DSFT+PFF
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Lessons Learned .IPL

@ Summary/Status JPL

Fringe tracker performance (must get good feed-back performance
prior to implement feed-forward).

High frequency noise filtering (1o avoid feeding forward noise).
Sampling rate (as fast as possible to avoid jumps).
Timing (timing limits the rejection ratio).

Phase unwrapping (the starlight fringe phase estimator should be robust
10 avoid jumping to adjacent waves).

Geometry (star position knowledge limits the rejection ratio).

Atmosphere (defines the noise floor for the feed-forward performance).

= PFF Rejection Performance Goals have been met.

* Performance at frequencies below 0.1 Hz is limited by atmosphere to
about 80 dB rejection.

* PFF has been used to reject On-Orbit like, random, disturbances.
* Observation times of more than 1 hour have been achieved.

* A dim-star fringe tracker has been designed and impl d togeth
with PFF 10 climinate drift.

J* Combined Dim-Star FT and PFF provide 120dB of rejection at 0.01Hz.
gl
o

* The PFF coefficients optimized in January from bright star fringe tracking
are very stable and still in use several months later.

* Send correspondence to: renaud@jpl.nasa.gov
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@ Introduction S0

* The System Testbed-3 (STB-3) is part of the technology development for
the Space Interferometry Mission.
* The testbed activity is focused on the Dynamics and Control part of the
mission.
¢ The primary objective was to demonstrate the ability of SIM to stabilize
fringes of faint science stars on the science interferometer, in the presence
of emulated spacecraft attitude control in the sub 1 Hertz frequency
.. regime.
* This was achieved by “pathlength feed-forward” (PFF); using fringe
2] information from the guide interferometers staring at bright star, to
control the science interferometer.

m * Initial results were presented in Munich in 2000.
+ Most of the performance testing has been conducted in 2000 and 2001.

PFF experiment on optics benches JPL
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3 Baseline Diagram
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" Path Feed Forward Diagram
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Path Feed Forward Summary
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Fringe stability with PFF in Science Interferometer is
currently 45 nm RMS for frequencies below 1 Hz.

This noise floor was proven to be limited by atmospheric
disturbances in the lab.

Steady state rejection performance of PFF has been measured
for both pitch and yaw.

PFF Rejection levels range from 50 to 80 dB below 1 Hz.

On-orbit like attitude disturbance have been rejected to the
ambient noise floor.
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Rejection of Induced Sine ACS Disturbances
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@ PFF: ACS induced Yaw @ 001 Hz JIPL

@/ PFF Yaw Rejection @ 0.01 Hz JPL
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Path Length Feed Forward: Performance JPL
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Rejection of On-Orbit Like ACS Disturbances
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@ On-Orbit Like ACS Disturbance  J™L

@ PFF Rejection of On-Orbit Like Disturbance: Yaw JPL

* TRW supplied us with a PSD estimate of Yaw and Rolt ACS On-Orbit

Disturbance.

Using this PSD we created a Kalman Signal Generation model to generate

On-Orbit tike ACS disturbances in the lab,

* The disturbances generated are random with about 99% of disturbance
power below the | Hz frequency. Disturbance level is about 55
micrometers RMS.

v PFF rejection of these On-Orbit like external disturbances was consistent
with steady state tests run thus far. (i.e., same noise floor was measured
during these experiments as those measured during steady state
measurements)

e _
m' The system was run for over one hour in PFF mode.
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Dim Star Fringe Tracking Goals ~ _JI={.

Combined Dim Star Fringe Tracking
and PFF Tests
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Use a very low bandwidth fringe tracking loop (in addition to
PFF) in the Science interferometer to eliminate drift.

Exact bandwidth of fringe tracking loop depends on Star
Magnitude.

In STB-3, design and implement a dim star fringe tracker for
a Magnitude 15 star (i.e., | second integration time).

Science interferometer drift is eliminated with addition of the
Dim Star Fringe Tracker.

Dim Star Fringe Tracker and PFF can be blended; the
combined rejection is the sum of the rejections.
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Rejection of On-Orbit Disturbance
using PFF +DSFT JPL

: Measured Rejection Performance:
i DSFT, PFF, & DSFT+PFF
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Summary/Status JPL

Fringe tracker performance (must get good feed-back performance
prior to implement feed-forward).

High frequency noise filtering (10 avoid feeding forward noise).
Sampling rate (as fast as possible to avoid jumps).
Timing (timing limits the rejection ratio).

Phase unwrapping {the starlight fringe phase estimator should be robust
to avoid jumping to adjacent waves).

Geometry (star position knowledge limits the rejection ratio).
Atmosphere (defines the noise floor for the feed-forward performance).

RV

Ui

[ * PFF Rejection Perforinance Goals have been met.

* Performance at frequencies below 0.1 Hz is limited by atmosphere to
about 80 dB rejection.

* PFF has been used to reject On-Orbit like, random, disturbances.

¢ Observation times of more than | hour have been achicved.

* A dim-star fringe tracker has been designed and implemented together
with PFF to eliminate drift.

J¢ Combined Dim-Star FT and PFF provide 120dB of rejection at 0.0 1Hz.
S‘F The PFF coefficients optimized in January from bright star fringe tracking
1

are very stable and still in use several months later.
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m‘ Send correspondence to: renaud @jpl.nasa.gov
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