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Overview

« Remote control for the actuators and
sensors in the instrument.

 Mechanism motor drive and position
sensing.

« Calibration lamp source and filter
control.

 Thermal control for detector
temperature regulation and cryostat
warm up.

 Possibly a MEMS based mirror
system for Adaptive Optics control.

« Instrument telemetry (power supply =
voltages, temperatures etc). f
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Requirements

* Interface the instrument to the higher
level software control system.

« Transparent to the user.

» Provide control for cryogenic
mechanisms.

* Accurate, repeatable and reliable
operation.

* Minimal power dissipation.
* Highly stable temperature control.
* Fail safe thermal management.

* Limited mass budget and space
envelope.

« High reliability and easily
maintainable.
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Challenges

« Performance (instrument
reconfiguration, AO system).

* Reliability in a cryogenic
environment.

« Maintainability — “high” altitude,
remote site operation.

« Mass limitations, space envelope and
power dissipation.

 Thermal control and stability at the
milli-Kelvin level.

* Instrument safety (e.g. during warm-
up).

« Use of new technologies.

« EMC and grounding.
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Actuator Solutions

« Of order 15-16 cryogenic actuators
required.

 Most common electromagnetic rotary
motors for cryogenic conditions are
stepper motors.

« Significant thermal management
Issues.

* Piezo electric motors are a possibility
for cryogenic environments.

» Solenoids are also used in cryogenic
environments.

e Other actuators for space technology?
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Sensor Solutions

 Normal incremental and absolute encoders don’kvabicryogenic
temperatures.

* Positioning in a cryogenic environment is usualtjieved with a
combination of “dead reckoning” (by counting mosteps), and absolute
position sensors.

« Hall effect sensors and photomicro sensors have bgsed for cryogenic
mechanism position sensing.

« Accurate positioning requires mechanism hunting.

 Some types of mechanical microswitches may be umddhese are often
problematic.

* Cryogenic resolvers?
» Other space technology position sensors?
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Other Internal Cryostat Electrical Issues

o Selection of internal
PCBs and components.

e Actuator and sensor
wiring.

 Minimal internal/external
connections.

» Electrical feed-throughs
must be hermetic.

* Internal wiring needs
heat-sinking.

» All these issues occur in
space applications.
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Control System Approach

« Control system is located outside the cryogenwrenment.

« Aim to implement the control system with as mudD S equipment as
possible.

A wide range of IA hardware is available that ecbé suitable.

* The limitations and implications of using such pguent need to be
understood.

 Must be compatible with the observatory instrunaanritrol software
framework and the control computer operating systbaice.

» Collaboration with other groups developing GMTtrasmentation may
lead to a common approach.
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Centralised Control System Solution

* Motion control in computer
backplane. |

« External motor drivers.
 Requires a lot of cabling and space.

* Requires custom device drivers for T
host computer O/S. ]

* Limited expandability.
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Distributed Control System Solution

* Motor drivers are intelligent devices |
with built in motion controllers and |
communications interfaces.

e Communication with the host
computer using an industry standard
fieldbus.

» Significantly reduced cabling and
space.

« Easily expandable.
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Summary

« RSAA and AAO have experience in
building controls for cryogenic and
non-cryogenic instruments for 8m
class telescopes in Hawaii and in
Chile (NIFS, GSAQI,
FMOS/Echidna, OzPoz, IRIS and
IRIS2).

 Much can be learned from other
institutions that have built cryogenic
instruments for large telescopes.

* That experience, coupled with the
availability of new technologies and
techniques and the assistance of
industry should put us in a good
position to meet all the requirements
and challenges of the control system
for GMTIFS.
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