








Figure 2. Left: PCB accelerometer, model 393B05. Center: Design drawing for a pair of accelerometers to be placed on
one of the primary mirrors. They are protected by a housing. Right: Installed accelerometers on the left tertiary mirror
of the LBT.
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Figure 3. Temporary installation of accelerometers at the instrument rails for test purposes.
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Table 2. Layout of the distributed accelerometer system.

Location Left side | Right side

e | y | Z | X | y | z
Primary mirror 11711311 3
Secondary mirror 171131 3
Tertiary mirror 1111311 3
LBTI instrument platform (rails) 1111 1] 1
LINC-NIRVANA instrument platform (rails) [ 1 [ 1 | 1 | 1 | 1 1
Roving accelerometers ‘ 3

4. SYSTEM HARDWARE

The OVMS uses a system of 45 distributed accelerometers of the type PCB PIEZOTRONICS Seismic accelerom-
eters, model 393B05. This type is suitable for the frequency range 0.7 — 450 Hz. Some 1600 m of low-noise cables
of type 003BZBZ-0039 from PCB Piezotronics connect the accelerometers with an UEI RACKTANGLE data
acquisition system (see Sect. 5.1) located in the lower left “treehouse” of the LBT. Each cable has a 10 — 32
connector at the accelerometer end and a BNC connector at the treehouse end. A BNC-to-Microdot adapter
connects the cable with the UEI fanout boards. Cables that go through the bulkheads of the primary mirrors
use insulated BNC couplers for this purpose. Additionally, three roving accelerometers are available that can be
placed at selected locations for test purposes. When connected to all accelerometers the data acquisition system
still disposes of three additional unsused channels (i.e. 48 channels in total).

Table 2 and Figure 1 give an overview of the locations of the OVMS accelerometers, Figure 2 shows a
PCB 393B05 accelerometer, a design drawing for a mechanical mount for accelerometers on one of the primary
mirrors as well as installed accelerometers on the left tertiary. A temporary installation of accelerometers at the
instrument rails is shown in Figure 3.

5. SYSTEM SOFTWARE

Software development? for the OVMS focusses on the following components: a data acquisition system, a set of
quick-look tools, and a data archive.

Data acquisition. Data acquisition for the OVMS is performed via a UEI RACKTANGLE device. A feature
to mention for this system is that it is equipped with real-time Linux that could be used for signal simulations
and calculations. In practice, however, we are using a separate signal simulator? for development and test
purposes that can run on any CPU and will be running on a separate data acquisition workstation (see Fig. 4).
Calculations needed for the control loops of the instruments such as the the displacements of individual optical
elements and combined effects will not be made in real-time by the OVMS but will be left to the instrument
control systems (Sect. 6).

As can be seen from Fig. 4 all information is broadcasted in real-time and at 4.5 kHz sampling frequency
from the UEI RACKTANGLE through the network of customers, i.e. to the data acquisition workstation that
hosts quick-look tools and an interface client to a data archive (Sects. 5.2 and 5.3) and to the control systems of
the interferometers for use in their control strategies.

Quick-look tools. The quick-look tools will consist mainly of a graphical user interface that provides observatory
staff with an overview panel of the status of all accelerometers grouped by their location on each of the telescope
mirrors or on the instrument rails (cf. Fig. 1). This status information will indicate for each accelerometer
whether it is operational or not (or in simulation mode) and trigger a warning and an alarm, if its measurements
are exceeding predefined thresholds in terms of vibration caused displacements.
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To follow-up on warnings or alarms one can select suitable plots of the time series behaviour and power
spectra (with selectable filtering options) to identify dominant frequencies or newly appeared frequencies both
of which can help to identify the vibration sources.

Telemetry archive. Vibration data from the OVMS will be routinely stored in the telemetry archive which
is the standard data logging system under development by LBTO.!° In addition to measurements from all
accelerometers of the OVMS there will also be environmental data such as temperature and wind speed as well
as data related to the telescope such as sky coordinates, azimuth/elevation coordinates, and encoder readings of
the telescope drives.

A web-based tool is under development (with a prototype being ready) by LBTO that will permit access
to this data base in order to download selected blocks of data for off-line analysis. This is most important
in the development/engineering phase of the system as it permits users to carry out dedicated experiments in
order to identify the influence of certain potential vibration sources and also to correlate measurements with
environmental data as well as telescope data.

Table 3 summarizes the type of data that the telemetry will store for the OVMS and that will also be available
to the instrument control loops (via the general broadcast). Also indicated are the frequencies with which these
data are sampled.

Table 3. Data sampling for telemetry and general broadcast.

Data Type Sampling rate
Telemetry Instrument control loops
routine mode | engineering mode optional, through IIF!

Accelerometers vibrational 1.0 kHz 2.4 kHz 4.5 kHz

Wind speed? environmental 10 Hz 10 Hz 1 Hz

Air temperature? environmental 0.1 Hz 0.1 Hz 0.1 Hz

Sky coordinates® telescope 20 Hz 20 Hz 1 Hz
Azimuth/elevation telescope 10 Hz 100 Hz 1 Hz

Drive encoder values? telescope 10 Hz 100 Hz 1 Hz

L IIF = Instrument interface software, a module of the telescope control software.

2 Near the telescope structure and near the swing arms holding the secondary and tertiary mirrors.
3 Hour angle and declination.

4 Azimuth drive and elevation drive.

6. CONTROL SCHEMES

Incorporating the accelerometer data into their respective control schemes is the responsibility of the users,
i.e. the interferometer teams and possibly also the AO system team, if they want to exploit the OVMS this way.
Therefore, the control schemes are not genuine parts of the OVMS. At present, they are under development.!! 12

For the interferometers the accelerometer data will complement OPD information coming from their fringe
tracker sensors.'® ' 15 One (somewhat idealized) way of looking at the control approach is to assume that by
feeding accelerometer measurements into the control loops of the interferometers the instrument internal OPD
compensator* will be steered in such a way that the fringe tracker is provided with wavefronts that are (to some
extent) “cleaned for instrumental vibration” so that the remaining OPD signal sensed by the fringe trackers is
dominated by atmospheric effects. More specifically, the finge trackers will not be suitable to sense OPD signals
at frequencies beyond 10 Hz, whereas the accelerometers will be able to do this up to 30 Hz. In the regime
10 — 30 Hz OPD signals sensed by the OVMS will be fed-forward into the control of the OPD compensators.

*OPD compensators are path length changing “piston mirrors” in LBTI and LINC-NIRVANA
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Figure 4. Schematic view of the data flow in the OVMS. Signals from all accelerometers are collected by a data acquisition
system and from there broadcasted to several customers. One is the data acquisition workstation that hosts the quick look
tools that observatory staff will use for on-line monitoring and troubleshooting of the vibration behaviour of the telescope;
this workstation also hosts an interface to the LBT telemetry system which is a data archive in which also environmental
data will be available as well as telescope specific data provided by the telescope control software. The telemetry system
can be accessed via a web-based exporter tool and selected data sets can be downloaded for off-line analysis. The other
two customers are the control systems of the two interferometers that will use real-time accelerometer data as part of
their control strategies. The interferometers also have access to telescope and environmental data through their standard
software for communication with the telescope (IIF = Instrument Interface software).
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7. QUIET MODE FOR INTERFEROMETRIC OBSERVATIONS

Interferometric observations at the LBT will require a high level of vibration control and mitigation. For this
purpose a set of guidelines, rules and procedures will be developed following currently ongoing work that is aimed
at characterizing the overall vibration environment at the LBT, identifying vibration sources, and investigating
possibilities for mitigation. Among the subsystems that are to be studied are the rotating telescope enclosure, the
electronics cooling fans in the treehouse and stealth fans, the mirror cooling system, the Flak Ice heat exchanger,
the vacuum pumps of the two LUCIFER cryogenic spectrographs of the LBT, and other mechanical pumps.

A sanity check of the telescope environment will become standard procedure to be carried out well in advance
of the interferometric observations, i.e. approximately one week before. This assumes that interferometric obser-
vations will at least in their early phase be scheduled in dedicated blocks. In particular, the telescope building
will be inspected for erroneously produced new connections/installations to the main telescope structure that can
transmit vibrations, unbalanced fans, unnecessary pumps, and the proper functioning of any special mitigation
measures that will be developed. Potential sources of vibrations must be removed, balanced, or switched off.
The success of such work can be verified with the quick-look tools (Sect. 5.2). The related work and its results
will be documented by observatory staff via a standardized checklist.

Very probably standards higher than those required by non-interferometric instruments will have to be
employed during the interferometric observations themselves. Possibilities may include restricted use of the
elevator, no walking on the telescope floor, no walking on the inner staircases, switching off pumps (whenever
possible), plus certain regulations that will have to be established for fans, air inlets, hydraulics, etc. Adherence
to these rules must be verified before the beginning of the night through the filling-in of a (second) standardized
check-list by observatory staff, typically the telescope operator. Again the quick-look tools will be an important
diagnostics of the quiet mode for interferometric observations.
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