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ULTRASONIC RESIN LEVEL DETECTOR

INTRODUCTION

The addition of an ion exchange column to a waste stream in a

chemical separations plant has been proposed. This column would reclaim

the small amount of product that is presently process loss. An instrument

was needed to measure the level of ion exchange resin in this column.

Measurement of the resin level would aid in efficient operation of the column

and insure against undetected loss of the resin during column operation.

Environmental conditions make it necessary to adapt the element to remote

installation. In addition, materials of construction must be such that the

unit will be inert to nitric acid solutions at 70 C in gamma radiation fields up

to 109 r total dose. This report describes the development of an ultrasonic

instrument for such resin level measurements.

SUMMARY

An ultrasonic instrument for measuring the resin level in an ion

exchange column has been developed. The sensing element is adaptable to

remote installation and will withstand hot nitric solutions in gamma radiation

fields to 109 r total dose Problems encountered in the development, the

limitations and capabilities of the instrument are described. Calibrating

procedure, operating instructions and notes on circuit operation are included

in the Appendix.

DISCUSSION

Of the various methods suitable for resin level measurement, ultra-

sonic techniques appear to offer the most practical solution for continuous level

measurement in highly radioactive environs. The requirements of an ultra-

sonic instrument to measure resin level are to generate a sound wave in a

liquid medium, receive the reflection from the resin surface, process it and

automatically read out the correct depth. Figure 1 shows the resin column.

The instrument measures the distance between the transducer and the resin
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surface. Figures 2 and 3 show views of the instrument. The resin proposed

for use in the column is Permutit SK, 40 to 60 mesh. The particles are

small spheroids approximately 0. 015 inch in diameter as shown in Figure 4.

For a good reflection the ultra-sound wave length should be approximately

the same magnitude or smaller than the diameter of the resin particles.

Theoretically this would require a frequency of seven megacycles (7 mc).

V -_105,000 in. /sec , 6

- X~ 0 0. 015 in./cycle = X 10 cycles /sec

where f = frequency

V = velocity of longitudinal sound waves in Permutit SK resin

X = wave length

Experiments showed that good reflections could be obtained at frequencies

between 1 me and 2. 25 mc. The upper frequency limit was not determined,

but it is desirable to keep the frequency as low as possible as attentuation

of the sound waves by the liquid and air bubbles in the liquid will increase

as the frequency increases.

The transducer assembly is a 2. 25 mc ceramic crystal (Branson

Z-I) potted in epoxy resin in a 304-L stainless steel can. (See Figure 5

and 7). The series 83 connector is polystyrene insulated and the cabling

to the sensing unit is polyethylene insulated. This unit should be stable

in radiation fields to approximately 109 r total dose.

To generate an ultra-sound wave, the instrument uses a triggered

hydrogen thyratron. (See Figures 8 and 11). This circuit applies a

negative going pulse through a wide band impedance matching transformer

to 100 feet of cable leading to the transducer. The energy of this electrical

pulse is converted to ultra-sound energy and beamed at the resin interface.

At the same instant that the transmitted pulse is generated, a "one-shot'"

multivibrator is put into its quasi-stable state. The time duration of this

pulse is slightly longer than the system's ringing time after cessation of the

transmitted pulse. When this pulse terminates, it triggers a second

"one-shot" multivibrator. This second multivibrator is the heart of the

depth measuring circuitry. The time duration of this circuit is adjusted to
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exactly equal the time it takes sound in liquid to travel to the maximum depth

and return. When the sound pulse reflected from the resin interface strikes

the transducer, a part of its energy is converted to an electrical pulse. This

pulse is amplified by four impedance-coupled RF amplifiers, detected,

amplified by two resistance coupled video amplifiers, and then applied to the

depth measuring "one-shot" multivibrator returning it to its stable state

before it has a chance to run out its normal pre-set time duration. The output

of this one-shot multivibrator is converted from a step function of time to an

amplitude function. In other words, the longer the duration of the one-shot

pulse, the higher will be the amplitude of the integrated waveform - a saw-

tooth. This sawtooth is applied to the meter circuitry. The components of

the meter circuit are adjusted to allow full scale deflection when the one-shot

is allowed to remain through the full time duration of its quasi-stable state.

Thus with no signal return from a resin interface or with a signal return from

the maximum depth of resin, the meter will indicate full scale. There are

two depth ranges available - long or short. Long range is zero to ten feet,

and short range is zero to 24 inches. If depths greater than the maximum of

either range are being measured, the meter will not indicate any greater than

the maximum depth (either 24 inches or 10 feet) on that range. It is possible,

however, if the need ever develops, to change the circuit time constants so

as to increase the maximum range of the instrument. The meter scale would,

in such case, be no longer calibrated. An oscilloscope with a linear sweep is

built into the instrument to provide a check against the meter reading. The

echo from the interface appears on the sweep at a distance away from the start

of the sweep that is directly proportional to the depth of the interface. A

marker-appearing on the sweep - indicates what depth is indicated on the meter.

For example, if there is a signal at 24 inches, the marker will appear at the

same point on the sweep where the 24-inch echo appears, if the resin depth is

seven inches, the marker will move to the echo which appears at the seven-

inch point
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CONCLUSION

Development of this ultrasonic instrument provides a means for

automatically "reading-out" the distance from the transducer to a liquid

resin interface. The distance may be read directly on a panel meter or

may be recorded from a 0-50 millivolt output. A built-in oscilloscope

provides a visual indication of the transmitted pulse and reflections.

This instrument has other potential applications. Knowing the velocity

of sound in a given material (liquid or metal), it would be possible to measure

the distance to any kind of an acoustic discontinuity. These applications

would include tank level measurements, interface level measurements, and

measurement of the depth to a flaw in a large metallic body. No other

acoustic discontinuities could occur between the transducer and discontinuity

of interest. A change in frequency may also be necessary depending on the

size of the discontinuity and attenuation of sound in the conducting medium.

The resin level monitor was designed and constructed as a prototype

model for plant test. If more monitors are to be fabricated, some con-

struction and circuit simplification could be in order to reduce both the

size and cost of the instrument.
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APPENDIX

CALIBRATION AND OPERATION

CALIBRATION

A warm-up time of at least 15 minutes should be allowed before

attempting calibration. It is also necessary to allow at least three minutes

after applying the main power before turning-on the high voltage. This latter

precaution will prolong the life of the hydrogen thyratron pulser. In normal

usage, the instrument will be left in the energized state.

After the instrument has warmed to operating temperature, it may be

calibrated as follows:

1. Disconnect the resin column transducer cable and attach in its

stead the calibrating column transducer. (See Figures 6 and 9)

2. Put range switch in "short" position.

3. Turn "sensitivity control fully counter-clockwise.

4. With high voltage "on", it will be noted that the marker on the

oscilloscope will line up with the first reflection. Under this

condition, adjust the "meter zero adj." control until the needle

is on the 24-inch line.

5. With high voltage "off", turn the "output calibrate" control until

the meter needle is again on the 24-inch line (full scale).

6. Put range switch in "long" position.

7. With high voltage "on", note where the fifth reflection occurs on

the oscilloscope scale.

8. With high voltage "off", adjust the "output calibrate" control

until the marker falls at the same point as did the fifth reflection

with high-voltage "on'". Adjust "meter zero adj. " control until

the needle is on. the ten foot line (full scale).

9. With high voltage "on", the marker will line up with the first

reflection . This is equivalent to a two foot depth; and, if

properly calibrated, the meter needle will be very near the

two-foot point. If it is not, then it may be necessary to repeat

step eight.
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OPERATION

With calibration completed, replace the calibrating column transducer

cable with the resin column transducer cable. (See Figures 5 and 7) Turn up

sensitivity until an echo is received from the resin. Note that the marker

does not always line up with the echo, but does so only when the sensitivity

Netting is within a fairly narrow range. If the sensitivity is turned up too

high, the circuit operation becomes unstable and multiple markers will appear.

If the sensitivity is not turned high enough, the marker and meter readings

will remain at full scale. The sensitivity setting range for stability changes

slightly as interface depth changes. Therefore, it may be necessary to make

occasional checks on the system to insure that only one marker is present and

that it lines up with the echo. Another depth indication may be made, if desired,

by calibrating the sweep on the oscilloscope. The sweep sawtooth is quite

linear, and if properly calibrated, may be trusted to give an accurate depth

indication. Since sweep speed and length controls are provided for versatility

in either short or long ranges, it would be necessary to hold constant the cali-

brated sweep settings in order to derive a depth measurement using the

oscilloscope alone. Calibration may be effected by using the calibrating

column and matching vertical scale lines with the echoes - knowing that echoes

are spaced at two-foot increments.

During development of the instrument, tests were run to determine the

effects of changes in liquid temperature and molar density on the velocity of

sound. It was found that these changes would affect the accuracy by no more

than five per cent. It was decided that this error plus an approximate five

per cent error inherent in the instrument would nevertheless allow sufficient

accuracy for the purpose of the instrument.

NOTES ON CIRCUIT OPERATION

Refer to Figure 8, (block diagram) Figure 10 (wave forms) and

Figure 11 (circuit diagram) for this section.

A. Detector

The pulser may be a 3C45, 3C45W, or KU-99 hydrogen thyratron.

When a positive pulse is applied from a free running blocking oscillator
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(normal rep. rate is about 140 pulses per second), the thyratron will fire

applying a sharp negative pulse to the crystal. The blocking oscillator

also triggers a one-shot multivibrator (also called a delay) with a time

duration of about 20 micro -sec. The positive pulse of the one-shot is dif-

ferentiated and the negative going portion of this result triggers the second

one-shot. The normal time duration of this one-shot will be equivalent to

the time required for sound to travel the maximum resin depth range and

back again. On short range, this will be about:

57, 000 in. = 0. 843 milliseconds

sec

On long range this will be about:

2 X 10 feet X 12 in - 4. 21 milliseconds
57, 000 in.

2ec

The sound pulse upon echoing back from the resin level will be

converted to an electrical signal which is amplified by four RF amplifiers

broadly tuned around two to two and one-fourth negacycles. A crystal

diode detects the signal and couples it to two video amplifiers. These

amplifiers bring the signal up to a voltage level necessary to cut off the

second one-shot. The signal is applied to the grid of the tube which is

conducting so the signal must be negative. The one-shot's pulse is applied

to a "bootstrap" type sawtooth generator which converts the square wave to

a sawtooth. The amplitude of the sawtooth before loading is proportional to

the time duration of the square wave. The sawtooth is applied to a meter

circuit which causes deflection of the one milliampere meter movement.

Diodes allow charging of a capacitor during the time that the sawtooth is

applied. When the sawtooth is terminated, the charged capacitor discharges

through the meter movement. This sequence occurs often enough (at the

repetition rate of 140 times per second) that the meter acts as an integrator

and maintains a constant deflection. A 50 ohm resistance is in series with

the meter movement. With full scale deflection requiring one ma. , there

will be a 50 my drop across the resistor. The signal from this point is
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applied to a recorder jack to provide a permanent record of interface depth.

Unfortunately, the scale is not linear. Refer to Figure 12 and 13 for the
calibration curves.

B. Oscilloscope

V-104 is a standard one-shot multivibrator (Delay) in which a trigger
pulse at pin number two flips it from its quiescent state to its quasi-stable
state. The time that the one-shot remains in its quasi-stable state is deter-
mined by the "sweep-time" pot (2. 5 megohm) and a 0. 005 microfarad ca-
pacitor. The negative square wave output of this sweep one-shot is coupled

to a cathode follower through a divider network. The voltage at the grid of the
cathode follower is slightly over 150 volts. Another voltage divider at pin

number eight of the cathode follower allows the square wave to vary a few

volts above and below 150 V. This limits the amplitude of voltage change
on the M500 diode plates and provides a low impedance circuit.

V-102 is a Miller integrater circuit, a linear sawtooth generator.

Between sweeps, when the sweep one-shot is; in its quiescent state the plates
of the M500 diodes are at +150 volts and are conducting. D-1 conducts

through the 47K resistor keeping the cathode of V-102A at 150 volts. D-2

conducts through the 1. 8K resistor and "sweep length" pot keeping the grid of

V-102B at 150 volts. This then keeps C-1 (the integrating capacitor) at
zero volts charge. When V-104 is triggered, the plates of the diodes go

negative and they cease to conduct. The almost zero bias on the grid of

V-102B puts this pentode in class "A ' region of operation where plate to cathode

voltage is inversely proportional to the grid to cathode voltage. With a negative

step on the plates of the diodes, the grid of V-102B begins to seek its own level.

This grid, which is returned to ground through R-2 and the "sweep length' pot,

starts going in the negative direction causing the plate to start in the positive

direction.

The grid of triode V-102A is connected to the plate of V-102B through

neon lamp NE 2 and a 220K resistor and follows its variations but at a 55 volt

level lower than the plate of V-102B. The 0. 001 microfarad and 220K network
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improves rise time. The grid and cathode of V-102A goes positive charging

C-1 and preventing the grid of V-102B from going highly negative. The

high-gain plate-signal of V-102B is fed back through V-102A to further

charge C-1 and keep the grid of V-102B going in the negative direction at a

slow constant rate. This results in a linear charge across C-1 and this

charge is used as the sweep output.

The sweep length pot and 220K resistor determine the rate at which

C-1 charges, and also sets the grid at a bias to determine the amplitude of

voltage charge. For a variation in sweep time, this pot is adjusted to give

the desired amplitude to the sweep trace.

When the diode plates go positive, they clamp the grid of V-102B by

returning it to 150 volts. Also, the plate of V-102B goes negative and C-1

is discharged and clamped by D-1.

Unblanking of the CRT is accomplished by coupling the positive

square wave of the sweep one-shot to the grid of the CRT.

Positioning and focusing control of the CRT is simplified by

operating the tube at a reference level 550 volts below ground. The positive

potentials are derived from a 250 volt or 450 volt source thus allowing a

potential difference in the tube of up to 1000 volts. This scheme not only

simplifies the scope circuitry, but also reduces the high voltage loading

allowing more energy to be delivered to the crystal.
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