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EVALUATION OF SOME CRYOGENIC SENSORS AND INSTRUMENTATIONS
FOR A LARGE SUPERCONDUCTING MHD MAGNET*

S. H. Kim, S-T. Wang, N. S. Kim, and M. Lieberg

Argonne National Laboratory
Argonne, Illinois 60439

INTRODUCTION

Argonne National Laboratory is constructing a large superconducting MHD

magnet to be used in the National Coal-Fired Flow Facility at the University of

Tennessee Space Institute. The behavior of the magnet system will be carefully

monitored during the cooldown, warmup, transportation, and operation of the

magnet. Important areas to be monitored are stress and strain levels of the

support structures, mechanical perturbations, and temperature variations.

Cyrogenic sensors to be installed in the magnet for the above purposes are

5 accelerometers, 95 strain gages, and 110 thermometers. The purpose of this

study is to evaluate the cryogenic sensors at high magnetic field and cryogenic

temperatures.

ACCELEROMETER

The accelerometer studied in this experiment is a piezoelectric transducer,

Model 2271 A of ENDEVCO, 801 S. Arroyo Parkway, Pasadena, CA.2 It is a self-

generating type transducer, requiring no external signal input for the operation.

The transducer produces an electric charge directly proportional to an acceleration.

Nominal voltage sensitivity of the accelerometer, according to USASI and ISA

standards, is 5.0 mV/g. The output signal is detected with a charge amplifier,

Model 2735 of ENDEVCO. The charge amplifier conditions the signal for the

accelerometer. The gain characteristics of the amplifier are such that the

output voltage is proportional to the charge generated by the accelerometer.

'Work Supported by the U.S. Department of Energy



Experiment

From a simple harmonic motion the acceleration can be expressed in terms

of frequency and amplitude as

a = . (2*f)2 Ap-p (J)

2g

where a is the acceleration in terms of the gravitational constant g, f is the

frequency, and Ap-p is the peak-to-peak amplitude of the harmonic motion. The

acceleration was determined from the measurements of the frequency and amplitude,

and the result was compared with the output signal from the transducer.

Figure 1 is a schematic diagram for the measurements. The experimental

apparatus consists of a motor of 1/15 HP with a gear reducer, to which a crank

disc is attached. A 23 cm long connecting rod joins the crank disk to 185 cm

long driving rod. The accelerometer is mounted to the end of the driving rod.

The crank disc has holes on different radius so that the amplitude of the

harmonic motion can be chosen by attaching the connecting rod to one of these

holes.

Temperature Dependence

The accelerometer is calibrated at 300 K, 77 K, and 4.2 K. The result is

shown in Fig. 2, The data points are obtained experimentally, using the cali-

bration constant of the accelerometer, and the line (a) is the expected value

from Eq. (1). The result shows that the sensitivity of the accelerometer at

300 K and 77 K is within 10% of the expected value. The sensitivity at 4.2 K,

however, is only about 70% of the expected value. The reason is not investigated.

One speculation is that a non-piezo ceramic capacitor used in this accelerometer

as a compensator loses its capacitance somewhere between 77 K and 4.2 K.



Magnetic Field Effect

The accelerometer is irrmersed in liquid helium with its sensing axis

parallel to the external magnetic, field generated by an 8 T superconducting

magnet. The magnetic field effect on the sensitivity of the accelerometer is

shown in Fig. 3. The sensitivity increases quite rapidly as the magnetic

field increases, particularly at large amplitudes of the motion. At 3 T

and amplitude of 12.7 cm, the sensitivity is about 10 times of the expected

value (a) at zero field.

STRAIN GAGES

To monitor strain levels at various parts of the structural members of

the magnet, properties of strain gages have been investigated under magnetic

and thermal loads. After reviewing recent works on the strain gages for the
3 4use in the superconducting magnet, ' several types of strain gages were

selected from BLH Electronics, 42 4th Ave., Waltham, MAS. (BLH), and Micro-

Measurements, Raleigh, N.C. (MN).^ These gages are made of metal foils of

Nichrom V or Stabiloy. Weldable gages (LWK) are easier to install in certain

environments than epoxy bonded gages (WK). The reliability of the two types

of gages, weldable and epoxy bonded, is also investigated. The gage responses

were measured with a bridge, Model TN 20C of Strain Sert Co.2

Magnetic Field Effect

Figure 4 shows magnetic field effect on the gages at 4.2 K. The gages

were mounted on glass cloth tape and immersed in liquid helium. The direction

of the magnetic field was perpendicular to the broad surface of the gages.

The gage factors of the strain gages tested ranged from 2.07 to 2.24. For the

convenience of the measurements, the gage factor dial of the bridge was set to

2.0 for all the gages. The apparent strain change in this measurement is

similar to too result obtained by Walstrom, and is approximately proportional

to the magnetic field squared.



Comparison of Wei dab!e and Epoxy Bonded Gages

In Fig. 5 the apparent strain changes of LWK and WK gages are compared

in magnetic field. The data points of circles and dots are obtained from two

WK gages in the same package. Each WK gage was bonded to a stainless steel

plate using M-bond 600 adhesive of MM. The data points of triangles are from

two LWK gages in the same package. The differences of the apparent strains

between the two gages from the same packages are seen to be less than 15 u

strains. The variations of the apparent strains of the two types, due to the

magnetic field, are approximately the same except below 1 T.

The reliability of the strain gages, LWK and WK, was tested under mechan-

ical strains. On one side of a stainless steel plate a WK gage was mounted by

spot welding, and on the other side a WK gage was bonded using M-bond 600

adhesive. Figure 6 shows that the LWK gage failed after the first cycle.

On the other hand, the WK gage survived after 35 cycles within strain

amplitude of 3 x 10~ strain. Nine out of ten LWK gages failed during the

first cycle in similar tests, while all ten of the WK gages did not break.

It is shown in Fig. 7 that the strain readings of the two gages drift differently

after each cyclic stress. This indicates that the sample is yielded. The

LWK gage, however, does not show in its first cycle whether the sample is

yielded or not.

The two types of gages, ten each, were tested up to 50 thermal cycles

between 300 K and 77 K. The gages mounted on stainless steel plates were

immersed into liquid nitrogen from room temperature in a few minutes. All

the WK gages did not fail, while only on of the LWK gages survived the thermal

cycles. The apparent strain changes of the both types of the gages from 300 K

to 4.2 K are found to be about 2 x 10 strain. Th"

larger than the magnetic field effect on the gages.

to 4.2 K are found to be about 2 x 10 strain. This value is about 10 times



THERMOMETERS

One of the most reliable thermometers in high magnetic fields is Chrome!

vs Au 0.07% Fe thermocouple. The thermocouple wires to be used in the magnet

have diameter of 0.025 cm and teflon insulation. Up to 81, the field induced

error of the thermocouple is less than 0.2 K in liquid helium. This thermo-

couple will be used to monitor small temperature change in the coil during the

operation of the magnet.

During the cooldown or warmup of the magent, when there is no magnetic

field, temperature will be monitored by silicon diode sensors and copper-

constation thermocouples with digital readouts.

SUMMARY

The sensitivity of the acceleroineter tested in this work is reduced about

30% from 300 K to 4.2 K. In high magnetic field, however, the sensitivity is

increased almost ten times. Therefore, the acceierometer should be installed

in a place where the magentic field intensity is know.

To compensate large apparent strain changes due to magnetic field

and temperature, a dummy gage should be installed near an active gage for

reliable measurements of strain levels in the magnet. Weldable strain gages

are easier to install in certain environments thar, epoxy bondable gages.

However, the weldable gages tested here are not reliable to be used at cryo-

genic temperatures.
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FIGURE CAPTIONS

Figure 1 Schematic Diagram of Measuring Acceleration from a Simple Harmonic

Motion.

Figure 2 Calibration of the Accelerometer at Different Temperatures. Line

(a) is the expected value from Eq. (1) in the text.

Figure 3 Magnetic Field Effect on the Accelerometer at 4.2 K. Line (a) is

the expected value from Eq. (1) in the text.

Figure 4 Magnetic Field Effect on Apparent Strain Change at 4.2 K for Selected

Strain Gages.

Figure 5 Comparison of Magnetic Field Effect on the Epoxy Bonded (WK) and

Welded (LWK) Strain Gages at 4.2 K.

Figure 6 Comparison of the Reliability of the Epoxy Bonded and Welded Gages

Under Strain.

Figure 7 Comparison of the Two Types of Strain Gages After N Times of Cyclic

Stress When the Sample is Yielded.
















