MULTIPLE MIRROR TELESCOPE OBSERVATORY

Smithsonian Astrophysical Observatory and Steward Observatory, University of Arizona

Reply to: MMT Observatory
University of Arizona
Tucson, Arizona 85721

MMTO Internal Tech Memo 86-5 (602) 621-1558
From: Clint Janes
Re: Temperature Sensor Array for the 0SS

Date: September 30, 1986

A temperature sensor array is planned for the MMT 0SS. This document
explains the purpose of the array and the design considerations.

Successful phasing of the telescope array depends on correcting for path
length changes. One of the predominant causes of path iength changes is
thought to be temperature changes on the optical support structure. Indeed,
calculations show that a change of only .01 C uniformly applied to the steel
supports along the entire 1216 cm optical path length would cause a path
length difference of 1 micron (see notes by C. Janes and D. Blanco, November
28, 1984). Data collected by B. Ulich show that the focus of each telescope
changes with temperature. Temperature of the structure also effects local
seeing.

Data collected by B. Ulich on July 24, 1982, taken with a Fluke Thermo-
probe with a 5 mph wind into the chamber, show a random distribution of
temperatures in the range 58.0 F to 64.4 F across the structure and throughout
the chamber. Measurement of temperatures in the scale of + 1°C across the 0SS
shows that the changes in temperature track uniformly across the structure
(see notes by C. Janes, September 25, 1986). Data also seem to show that the
temperature change is primarily a result of convection rather than radiation
or conduction. The collection of 10 micron thermographic data is planned to
locate any hot spots.

The linear detection of absolute temperature over the full range of
operating temperatures to an accuracy of .01 C is not realistic. Differential
measurement of temperatures to that accuracy may be possible using RTD (resis-
tive temperature devices) or thermistors. The absolute temperature is best
measured by a linear device, however, because of the difficulty in calibrating
devices on the structure.

The AD590 integrated circuit temperature transducer is selected to be the
linear absolute temperature sensor. This device takes advantage of a physical
property of silicon junctions that the current density is a function of
temperature. The worst case error of measurement with this device is expected
to be 0.7°C, taking into account linearity, temperature coefficients, power
supply regulation, conversion accuracy, and transmission noise. The accuracy
of differential measurements is exgected to be predominantly limited by noise
and power supply regulation to .06 C. These devices and the mounting blocks
are in-house. The sensors will be fastened to the 0SS as shown in Figures |
and 2. The circuitry is shown in Figure 3.




The temperature data will be read by a Tustin A to D converter that is
already installed on the telescope. Only 1l channels are available on this
unit. Two additional units having 32 channels each are on hand. To be used,
these units must be checked out and receive new connectors, and the existing
TCS interface board will need expansion. A connector will be required to use
the available channels on the unit currently in use. The Tustin has a 14 usec
sample, hold, and conversion time. The Tustin A/D provides a conversion to 14
bits, and the full scale range is planned to be —45.9°C to 54.1°C. The
resolution is therefore .006°C.

The data will be used to determine if a repeatable relationship between
0SS temperature and path length corrections can be established and to support
measurements of temperature distribution made with the thermographic camera.
The results of these tests may dictate the use of additional sensors, be they
absolute, differential, or both.

The Tustin A/D converter must be calibrated following the manufacturer’s
procedures, and the sensor may be calibrated by adjusting an offset voltage at
the differential amplifier while comparing the sensor readout with a thermis-
tor probe held to the same point as the sensor. Some constant offset in
absolute temperature will exist as a result of the calibration procedure.

The following tests should be accomplished:

1. Determine the "noise band" of measurements by reading the sensor
continuously and noting the distribution of readings while the chamber is
closed and the 055 at thermal equilibrium.

2. Perform the same test but immediately following power on to determine
the settling time of the sensor.

3. Compare measurements with 10 u thermographic camera measurements to
see if temperature differences across the 055 measured with the sensors agree.
4, Check calibration over a long period to determine aging and drift

characteristics.

CJ/br
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Smithsonian Astrophysical Observatory and Steward Observatory, University of Arizona

Reply to: MMT Observatory
University of Arizona
Tucson, Arizona 85721
(602) 621-1558
MEMORANDUM

From: C. Janes 5
Re: Results of Temperature Sensor Measurements, December 1984

Date: September 25, 1986

Temperature measurements on the 0SS were made by the operators during the
period December 9, 1984 to January 1, 1985 using the existing array of temper-
ature sensors on the telescope. Building position and wind velocity were
recorded for each reading. Readings were made at the beginning, middle, and
end of each night. Data are shown in figure 3.

A piot of the data, biased to minimize overlap of readouts from different
temperature sensors, is shown in figure 2. The data seem to show that changes
in temperature during the nighg are uniform across the structure within the
limits of measurement, about 1 C. All data from a single sensor are plotted
on a single diagram in figure 1. These data show that the temperature
readings at higher wind velocities are more scattered than at lower wind
velocities, at least during the period of measurement which is agreeably a
small sample. However, the data may indicate that building position has less
effect on temperature if the wind velocity is over 10 mph.

Figure 4 lists temperature sensor locations.

CJ/br
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