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The GMT Telescope Metrology System
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Etalon Absolute Metrology Technology (EAMT)

A A commercial absolute distance measuring interferometer
system was selected for the laser truss.

A Up to 800 independent metrology channels.
A Measurement uncertainty (in air) 0.5 pm/m

A Maximum measurement frequency > 500 kHz (can be used as
vibrometer with much higher accuracy for high frequencies)

AMeasurement length > 30 m

A Simple measurement channel consisting only of telecom fiber,
collimator and triple reflector (no electrical systems on telescope)

A Almost unlimited fiber length possible (several kilometers)

A Eye safe infrared radiation

A Metrological traceability by gas absorption cell -\z
AAll componentry based on Aindustr _' i g h

equipment.

Andrew Rakich Prototyping the GMT Telescope Metrology System on LBT 4



.8. GIANT MAGELLAN
©g® TELESCOPE

Prototyping on LBT

A In 2017 GMTO proposed to prototype the metrology system
on LBT.

AGives LBTO the opportunity to trial new metrology technology
without large capital expenditure.

A Opportunity for GMTO to gain first-hand and long-term experience
with Laser Truss metrology on a working telescope.

ALBT 22.5 m optical baseline and 8.4 m diameter borosilicate
mirrors give the closest match to GMT of any working large
telescope today.

A Conveniently located, not so far from Pasadena, and with a
common partner institution in Steward Observatory.

AGMTO technical staff already very familiar with LBTO active optics
systems.

A A 3-phased prototyping effort began in August 2017.
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Prototyping Phases

A The prototyping effort is divided into three phases:

APhase 1: Deploy laser truss on the prime focus cameras,
measuring each primary mirror with respect to the corresponding
corrector. Test hardware, develop software. Integrate with the
Telescope Control System (TCS).

APhase 2: Deploy Laser Truss for the Gregorian Telescope.
Measure M1, M2 and M3 relative to an instrument rotator.
Integrate with TCS.

APhase 3: Control both Gregorian Telescopes and measure
between right and left telescopes for interferometric baseline
control.

A At this stage Phase 1 is basically complete and hardware is en-
route for phase 2.
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Phase 1 results
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Closed dome measurements: Swing Arm Repeatability
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Closed dome measurements: Thermal Drift

Delta X, Y, Z (microns) vs. time
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Closed dome measurements

X and Y deflections in millimeters
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Closed dome measurements: Signal strength over the

elevation range
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Software

MultiLine - Deformation analysis EI ExT

Deformation analysis setup

A The EAMT system has its own software that fully
controls the unit.

Point Lines (channel selection)
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Software

A

Andrew Rakich

The change in relative position of the mirror and corrector at a given TMS measurement can be decomposed
into N g o @@ b aathanges. The good changes are the various commanded mirror position changes that
have been applied since the original TMS reference measurement was made.

These must to be taken into account before applying corrections to the mirror position. Essentially the
Nngoal pnove and this must be taken into account.

The PERL script interface to the TCS subtracts the following known offsets from the raw measurement and
applies the difference to a mirror position command.

Pointing offsets

Instrument offsets (filter focus, say).

Active optics focus offsets.

Active Optics M1 motions due to Z11 and Z22 (spherical aberration) corrections.

Guiding offsets.
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Active Control

A Very limited use of the system for full active control has so far
been made, as the prime focus correctors are only in use ~
10% of the time and further engineering time, which is heavily
subscribed, is required to deliver a system ready for routine
observing.

A The following result shows the TMS maintaining alignment
during a transiting exo-planet observation that tracked a
defocused star through Zenith for 40 minutes.

A There was no noticeable change in the PSF during the
observation, a result that improved on a similar observation
without the TMS.
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