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ABSTRACT

A simplified electronic circuit was developed for
use in ultrasonic inspection instruments. The
circuit was designed to utilize barium titanate
transducers in a transmission system. The high-
voltage pulser and high-gain amplifier required
with quartz transducers were eliminated in the
new circult.
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TID-4500 (10th Ed.)




TABLE OF CONTENTS

Page

INTRODUCTION 4

SUMMARY 4

DISCUSSION 4
Pulser 5
Transducers 5
Discriminator 5
Flip-Flcp 6
Gate 6
Recorder Readout 6
Operation With Digital Readout 6
Performance 7

BIBLIOGRAPHY 7

LIST OF FIGURES

Figure Page
1 Block Diagram of Tester and Signals Developed 8
2 Circult Diagram of Pulser Q
3 Transducer Assembly 10
4  wlip-Flop and Gate Circuit 11
5 Recorder Circuit ' 12
6 Nonbond Record on Electrosensitive Paper 13
7  Circuit Diagram of Complete Tester 14
8 Photograph of Mounted Transducers 15
g Photograph of Tester 16




A SIMPLIFIED ELECTRONIC CIRCUIT FOR ULTRASONIC INSPECTION

INTRODUCTION

An instrument was developed at the Savannah River Laboratory
to detect unbonded areas in fuel elements by the attenuation they
produce in an ultrascnic beam.!?! The instrument had quartz trans-
ducers which required a 3000-volt pulser and a high-gain amplifier.

As a result, the electronic c¢ircultry was rather involved and diffi-
cult to adjust.

The availablility of barium titanate transducers with ten
times the coupling coefficient of quartz made it posgible to consider
a new electronic system. This report covers the develcpment of a new
electronic circuit.

SUMMARY

A simpliified electronic circult was developed which uti-
lizes barium titanate transducers. The need for a high-voltage
pulser and a high-gain amplifier was eliminated, thus reducing the
number of electronic components to one-third of the number required
wlth previous instruments.

The simplified circuit 1s more stable and requires less
maintenance than the preYio?s circults. It can be used wlth any of
the fuel element feeders')!2) developed previously.

The output signal of the instrument is used with an ap-
propriate readout system to give either a map record of the unbonded
area or a digital reading which represents the integrated area of the
unbonded sections.

DISCUSSION

A circuit has been develcped which utilizes barium titanate
transducers for the inspection of the bond in fuel elements. The
transmitting transducer is pulsed by a blocking coscilllator requiring
a 300-volt power supply. This system eliminates the need for the
3000-volt pulser required with quartz transducers. In addition, no
amplification is required, as the signal developed at the recelving
transducer is large enough to be fed directly to a discriminator.

The operation of the circuit can best be understood by referring to
Figure 1, which contains a2 block diagram tcgether wlth sketches of
the various pulses developed.

The tester detects unbonded areas and other defects in fuel
elements by the attenuation they produce in an ultrasonic beam trans-
mitted through the samples by a pulsed barium titanate transducer.
The ultrasonic beam 1s detected by a second barium titanate trans-
ducer and the electrical signal is sent to a discriminator. If this
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signal is zbove a preset threshold level, an output pulse 1s de-
veloped by the discriminator. The discriminator pulse reverses the
state of a flip-flop circuit and closes an electronic gate which had
been opened by the origlinal signal from the pulser. When an unbonded
area 1is present, the ultrasonic signal 1s attenuated below the
Threshold level and the discriminator does not develop an output
pulse. The state of the flip-flop is not changed and the gate con-
frolled by the flip-flop passes the next pulse from the pulser. Thus
the gate tube passes a pulse each time the received ultrasonic signal
is attenuated below a set level by an imperfection in the sample.
These pulses can then be counted as the sample is scanned a2t a uni-
form rate and theototal count registered is a measure of the unbonded
area.

The state of the flip-flop can also be used to control a
recorder by which the defective areas are mapped on electrosensitive
recording paper.

A more detailed description of the instrument follows:
PULSER

A blocking oscillator, diagrammed in Figure 2, is used to
pulse the transmitting element. The oscillator is free-running and
is adjusted to give approximately 1000 pulses/sec. The pulse rate
can be increased or decreased by changing the value of the grid
resistor. A pulse transformer (Freed MPF-11) is used to provide a
transformer-coupled output to the barium titanate element. A vari-
able induector, connected in parallel with the output termlnals of the
transformer, is turied so that the output circuit resonates at the
natural frequency of the transducer. Under these conditions, the
blocking oscillator acts as a "ringing" oscillator and the mechanical
vibrations of the transducer build up to a very high amplitude.

TRANSDUCERS

The transmitting and receiving transducers are plezo-
electric ceramics of barium titanate manufactured by the Erie
Resistor Corporafion. Both transducers are identical and have a
natural frequency of approximately 900 kc. They are mounted in
stainless steel blocks, as shown in Figure %, which are attached to
a mechanical feeder. Coaxlal cables connect the transducers to the
instrument chassis.

DISCRIMINATOR

The discriminator 1s simllar to one developed by Xandiah(3),
The pulse from the receiving transducer 1s detected by a vacuum diocde
which 1s connected to provide a negative signal to the grid of the
first discrimlnator tube. If the pulse i1g of sufficlent amplitude,
the first tube 1s momentarily cut off and the second tube draws
additional current. The negative signal produced at the plate of the
second tube is used to cut off the "A&" section of the flip-flop.
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FLIP-FLOP

The flip-flop c¢lrcult is shown in Figure 4. A signal from
the pulser cuts off the "B" sectlion and the ocutput from the dis-
criminator cuts off the "A" section. The positive swing of the
pulser signal 1s clipped with a crystal diode to prevent it from
cutting the "B" section back on in the absence of a discriminator
pulse. The "A" section remains in a conducting state until it re-
ceives a pulse from the discriminator. The time required for the
ultrasonic pulse to traverse the sample under inspectlon is suf-
ficient te allow the initial pulse from the blocking oscillator to
change the state of the flip-flcp before the discriminator pulse
develops.

GATE

The gate circult is also shown in Figure 4. Part of the
bilas voltage on the gate tube is provided by a voltage divider con-
nected to the plate of the "B" secticn of the flip-flop. The gate
tube has a large cathode resistor and is thus cut off when the "B"
section of the flip-flop is conducting. When the "B" section is cut
off, the higher plate voltage raises the bilas of the gate tube so
that the next pulse of the blocking oscillator 1s passed. The gate
tube passes a pulse each time the amplitude of the received ultra-
sonic pulse falls below the preset discriminator level.

RECORDER READOUT

The "B" section plate voltage of the flip-flop can be used
to control the current in the recording circuit shown in Figure 5.
The recorder "writes" on "Teledeltos L-39" electrosensitive paper.
.If the "B" section of the flip-flop remains cut off, the high plate
voltage blases the writing tube in a conducting state. The ¢apacitor
in the grid circuit of the writing tube retards the voltage rise on
the grid so that the tube will not conduct during the short time that
the "B" section is normally cut off, but will allow the tube to
conduct if the "B" section remaing cut off.

The recorder pen may be connected mechanically to the
scanning system so that the defective areas are mapped as the sample
1s scanned. Figure 6 shows typical recordings made with this system.
The unbonded areas show up as dark areas.

OPERATION WITH DIGITAL READOUT

The complete circult of a detector for digital readout is
shown 1n Figure 7. The instrument is adjusted by tuning Ll and L2
until the voltage across L2 1s a maximum. The discriminator level is
then set by adjusting Pl and P2 until the discriminator will fire
when a well-bonded slug 1ls between the transducers. Figure 8 is a
photograph of the transducer heads and limit-switch asgembly. The
slug 1s rotated and translated between the transducers. Every time
the transmitted signal falls below the set level of the discriminator,
a pulse 1s sent to the counter. When the count reaches a preset
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number, a "reject” alarm 1s sounded. Limit switches exclude the in-
spectlon of the end caps, which give rise to spurious counts. The
switches also serve to reset the counter before the next slug is
scanned.

PERFORMANCE

The performance of the instrument indlcates that the tester
can be used on elements of any shape to which a transmilssion tech-

nique can be applied. The electronic circult is stable and requlres
a minimum of servicing.

The electronics for a slug tester with a digital readout is
shown in Figure 9. The equivalent cilrcult using quartz crystals re-

quires approximately twice the rack gpace as well as 3000-volt under-
water probes.

R. W. Leep 7
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D Ross
Instrument Development Division
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FIGURE 3
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FIGURE 5
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FIGURE 6
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FIGURE 7
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FIGURE 9
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