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MULTICHANNEL ANALOG TEMPERATURE SENSING SYSTEM

by

Rita Gribble

ABSTRACT

A multichannel system that protects the
numerous and costly water-cooled magnet coils on
the translation section of the FRX-C/T magnetic
fusion experiment is described. The system
comprises a thermistor for each coil, a constant
current circuit for each thermistor, and a
multichannel analog-to-digital converter
interfaced to the computer.

I. INTRODUCTION
The magnetic fusion experiment1 FRX-C/T has 116 water-cooled magnet coils

on the translation section. lr'he coils are constructed in sets of two, forming
a single pancake. The replacement cost is approximately $10 K per pancake;
therefore, it has been necessary to assure that the temperature of any coil
does not exceed a safe limit. Two redundant sensing and protection systems
have been installed, a digital and an analog system. The digital system has
four thermostats (preset thermal switches) per pancake, two pairs of switches
per- coil connected in series. One pair of switches opens at 66 C and provides
a warning to the operator of the experiment. The other pair opens at 80 C,
and the computer automatically issues an abort command causing the power to be
reduced to a safe level on the coils. The analog system uses thermistors that
can provide an instantaneous temperature reading for each coil. It is this
system that is the subject of this report. The multichannel thermistor system
consists of a thermistor for each coil, a constant current circuit for each
thermistor, and a multichannel CAMAC A to D converter that is interfaced to
the computer.

II. SYSTEM DESCRIPTION
The analog temperature sensing systera for the FRX-C/T dc coils is a 128

channel thermistor monitor (see Fig.1). The resistance of the thermistor
varies with changing temperature, decreasing as the temperature increases. By
applying a constant ourrent source to the thermistor and measuring the voltage
across the thermistor, quantitative temperature changes can be detected. Quad
op amps (type LM221 that cost $1.19 each) provide the constant current sources
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(see Fig.2). On FRX-C/T, CAMAC computer interfacing is used; therefore, a
CAMAC analog-to-digital converter, BiRa model 5302, has been selected. The
model 5302 supplies 64 channels of analog-to-digital conversion in a scanning
mode, for a cost of approximately $25 per channel. To make the system as
compact as possible the circuitry for the constant current sources was
packaged in a four-wide CAMAC module that is mounted in and receives its power
from the same CAMAC crate as the model 5302. This module contains 16 quad op
amps and associated electronics for 64 thermistor channels. This number of
channels has been selected to be directly compatible with the 5302 module.

The output from the constant current source is connected directly to an
input of the model 5302 and in parallel across the thermistor. Between the
current source and the thermistor is a signal conditioning board with filters
consisting of series resistance and parallel capacitance (see Fig.2). The
filter is provided to protect the electronics from the harsh electromagnetic
environment present during the high-voltage plasma discharges of the FRX-C/T
device. In the presence of the violent electromagnetic fields created by
energizing the theta pinch coils, the cables connected to the thermistors have
picked up transients damaging the electronics in spite of exhaustive attempts
to shield the system. The thermistors are connected using shielded, twisted
pair cable whose shield is connected to ground at the electronics end but is
open on the thermistor end.

The thermistors (G.E. type D103 that cost $0.89 each) are epoxied onto
the copper connections of the do coils. Care must be taken to insulate the
thermistors electrically from the coils while maintaining maximum thermal
conduction. The thermal conduction is not severely degraded if a
0.005-in.-thick piece of Kaptan is epoxied between the thermistor and the
coil. This will insure electrical insulation of the thermistor from the coil.

The voltage across the thermistor and present at the input to the A to D
converter is inversely proportional to the temperature of the thermistor. A
careful calibration of voltage vs temperature gives a curve from which the
software can extrapolate a temperature (see Fig.3). The sensitive temperature
range of this system is from 15 C to 120 C. which correspondes to a maximum of
9.6 V and a minimum of 1.2 V at 120 C. In a nonhostile electromagnetic
environment, the filter circuiui'y can be eliminated with its inherent voltage
drop across the resistance thus extending the temperature range of the system.

The design is such that if there is a failure in the thermistor system,
the symptoms are obvious. Two likely failure modes can occur. One mode is a
short circuit, which will signify an extremely high temperature. This will
cause the computer to issue an abort and notify the operator immediately of
the problem. In the second mode, the voltage remains at the maximum value,
but at normal room temperature (approximately 18° C or above), the signal
voltage should have be^un to drop; therefore, by monitoring the voltages the
presence of a problem also is apparent.

The control system computer for the FRX-C/T experiment, a Prime 300,
constantly monitors the thermistor voltages on a time available basis. If the
time between thermistor readings exceeds two seconds, the operator is
notified. This happens only when the demands on the computer are extremely
heavy and only rarely occurs. When the voltages are read, the computer looks
for two values, 3.0 volts and 2.3 volts, that signify temperatures of 65°C and
80 C. If a reading of 2.H to 3.0 volts is found, the operator is gi/en a
warning that the normal safe temperature has been exceeded. If a reading of
2.3 volts or less is found, the shot will be aborted, which will reduce the
power in the coils.



III. CONCLUSION
A constant current thermistor system has been designed, built and

calibrated. It provides a compact means of monitoring many thermal channels.
With only the dc coils operating, the system functions reliably.
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Fig.1. Block diagram of the FRX-C/T
multichannel temperature sensing
system.
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Fig.2. Schematic drawing of the constant current thermistor circuit.
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Fig.3» Typical calibration of thermistor
voltage against temperature.


