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ABSTRACT

In an effort to improve our ultrasonic scanning technique for
accurate determination of the cladding thickness in LEU fuel plates,
new equipment and modifications to the existing hardware and
software have been tested and evaluated.
We are now able to measure an aluminium thickness down to 0.25

mm instead of the previous 0.35 mm. Furthermore, we have shown
how the measuring sensitivity can be improved from 0.03 mm to 0.01
mm.
It has now become possible to check our standard fuel plates for DR3

against the minimum cladding thickness requirements non-destruc-
tively. Such measurements open the possibility for the acceptance of
a thinner nominal cladding than normally used today.

1. INTRODUCTION

A reliable non-destructive measuring tool for cladding thickness measurements of a
dispersion fuel plate has not yet been developed. Instead, a statistical basis has been
established for estimating minimum cladding thickness from the distribution of
measured minima observed in metallographic cross sections of typical fuel plates. The
minimum acceptable cladding thickness has thus been chosen conservatively, knowing
that there was a risk that occasionally, fuel plates with partially thinner cladding
would be accepted.

At the RERTR meeting in Roskilde in 1992 we presented ultrasonic scanning equip-
ment for non-destructive evaluation of LEU fuel plates including measurement of the
cladding thickness (Ref.l). At that time the equipment was able to measure a cladding
thickness down to approximately 0.35 mm with a sensitivity of 0.03 mm.

The ultrasonic scanning equipment is an interesting tool for measurement of LEU
cladding thicknesses, providing the sensitivity can be improved and the minimum
measurable cladding thickness reduced.
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Therefore, we have investigated possible improvements of the measurements in these two
directions.

This paper presents tests of different new measuring equipment as well as calibration
eveluation procedures.

Recently our system has been upgraded, with hardware and software, which enables the
measurements to be treated in manv different ways.

2. MEASURING PRINCIPLES AND SPECIFICATIONS

The mechanical part of our ultrasonic scanning equipment is in principle the same
as used in 1992 (Figure 1).

Figure 1. Precision ultrasonic scanning equipment.

The measuring principle is based on ultrasonic echoes. In figure 2 the echo pattern
from a fuel plate over the core region is shown schematically. It can be seen that
echoes are reflected from the plate surface - interface (IF) and from the core surface
(CS). If the echo from the core surface (CS) falls within a set measuring gate, the time
of flight from IF to CS can be measured and converted into a distance, knowing the
sound velocity in aluminium. The built-in clock in the ultrasonic equipment runs in
units of 10 nanosec, and the smallest measurable step for aluminium is equal to
approximately 0.03 mm.
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IF=Interface Echo CS=Core Surface Echo

Figure 2. Ultrasonic echo pattern from a fuel plate cross section.

The resolution in the scanning pattern can be varied down to 0.01 mm between the
measuring points in both directions.

The maximum scanning speed is 90 mm/sec. Scanning of an area of 1 cm2 with the
optimal resolution (0.01 mm) will then take about 2 min. This time may be decreased
if the scanning is made in a more open pattern. If instead the scanning resolution is
only 0.1 mm, the area is scanned 10 times faster.

In the scanning direction the system will always make a measurement for each 0.01
mm independent of resolution. However if we scan with 0.1 mm resolution, only the
last measured value will be stored. The scanning speed in a scanning line is
independent of the resolution.

3. CALIBRATION

When scanning a fuel plate for thickness evaluation it is the time of flight between
echoes which is measured and stored. Before these times can be transformed into
distances, we need to know exactly how time and distance are related to each other.
This is done by making a calibration curve based on scanning of aluminium foils with
well-known thicknesses.

The relation has a form as expressed in figure 3, which means that there is not only
linearity between the time and the distance (the sound velocity in aluminium) -
expressed by A, but also a certain offset - expressed by B.
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Thickness (mm)

Figure 3. Calibration curve.

4. SENSITIVITY OF THE THICKNESS MEASUREMENTS

As mentioned above, the sensitivity of thickness measurement is normally 0.03 mm
and it would be desirable to reduce this to about 0.01 mm. In an effort to fulfil this
two approaches have been investigated.

4.1. Panametric 5218.

The ultrasonic part of our equipment -HFUS 2000- is mainly designed for evaluation
of composite materials. Therefore it is not optimized for high precision thickness
measurements. Special equipment for this purpose can make measurements with a
sensitivity of 0.01 mm in metallic materials.

We have tested Panametric 5218, which is equipment especially designed for very
accurate measurements of small thicknesses, including the possibility to measure on
repetition echoes. In our case it is only possible to measure to the first echo from the
core because the repetition echoes from the surface of the porous core are too small
and disturbed by other echoes from the core. Our investigation showed that even the
first reflection echo was too small and unstable to be used for scanning examination.
It was concluded that this type of equipment could not be used for our specific
purpose.
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4.2. Average Measurements (HFUS 2000).

The time measurement is made with a "flying" digital clock which is started and
stopped on echoes from the material. The clock measures in steps of 10 nanosec. This
means that repeated measurements taken at the same position will alternate between
integer numbers in units of 10 nanosec. For aluminium this time corresponds to a
thickness of approximately 0.03 mm. The sensitivity can be improved if the time unit
is further reduced. This is not possible for our present equipment, but calculation of
an average time (AVG) may improve the sensitivity in the following way.

If optimal resolution during scanning is not required, scans can be made in a more
open pattern. If for example a resolution of 0.1 mm is selected, only the last out of 10
measurements taken will be stored.

Some modification in the software made it possible to use all 10 measurements taken
for calculation of an average time for each measuring point in the scanning line. This
average value is then stored as an integer in units of nanosec, instead of in units
of 10 nanosec as in the standard software. The corresponding thickness is thus also
calculated with a better sensitivity. This has been proven in practice by scanning foils
in aluminium. Figure 4 shows for the same scanning line the calculated average
measurement together with single measurements recorded for one of these foils
scanned with a resolution of 0.1 mm equal to 10 values for each point. It can be seen
that the spread is reduced considerably by using average measurements.
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Figure 4. Measurements of 0.35 mm thick Al-foil.

Using the average measurement we are now able to measure the time and calculate
the corresponding thickness with a better sensitivity.
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5. THE MINIMUM MEASURABLE THICKNESS

When calculating a cladding thickness (or a foil thickness) it is a requirement that a
core reflection echo (or back surface echo) falls within a preset measuring gate (a time
interval) and the size of the echo has to be higher than a preset threshold.

In figure 5, two different echo patterns from aluminium foils are illustrated. In
picture A the back surface echo (BS) falls within the measuring gate (shown at the
bottom). In this case, the time of flight between the interface echo (IF) and the BS is
recorded and stored. In picture B, the back surface echo occurs to early compared to
the measuring gate and no time, or an incorrect time, is measured.
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A No Time Recorded B
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Figure 5. Two different echo patterns.

The starting point and length of the measuring gate can be varied within certain
limits. The starting time (delay after the IF echo) has a minimum value due to delays
in the electrical circuit. If the time from IF to BS is smaller than this minimum value,
it cannot be measured (Figure 5 B) and a corresponding cladding thickness cannot be
calculated.

In 1992 the minimum time our equipment was able to measure corresponded to an
aluminium thickness of 0.35 mm. To measure smaller thicknesses the starting point
of the measuring gate has to be moved closer to the IF.

5.1. Delay Module.

A delay module for our ultrasonic equipment has been tested. With this module the
signals are artificially delayed in an electronic circuit and the measuring gate thereby
placed closer to the IF (even before the IF). The delay module worked very well but
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when tested on fuel plates, oscillations from the IF were increased and extended in
time and thereby caused interference with the CS signal.

Thus, the delay module could not be used to reduce the minimum measurable
cladding thickness.

5.2. New Digital Gates.

Our scanning system has recently been upgraded with new hardware and software
including new digital measuring gates. These gates have made it possible to set the
starting point closer to the IF than before.

Installation of the new digital gates has improved the capability of the system and has
made it possible to reduce the minimum measurable thickness considerably. This
improvement is illustrated in figure 6, which shows calibration curves based on Al-
foils measured with old and new measuring gates.
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Figure 6. Foil thickness measurements.

The 6 aluminium foils were measured with a micrometer screw gauge to the
following thicknesses: 0.493; 0.413; 0.356; 0.314; 0.263 and 0.216 mm.

The time average measurements are extracted from one scanning line crossing all 6
foils. From the figure it can be seen that:
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1. With the old gate we almost have linearity for the ultrasonic measurements down
to the 0.356 mm foil thickness.

2. For the new gate the linearity in the measurements goes down to the 0.263 mm foil
thickness. From this line the following equation can be found between measured foil
thickness in mm and measured time in nanosec:

TIME=302 *THICKNESS-23

or the inverse

THICKNESS=O.0O33 *77ME+0.076

6. SCANNING OF FUEL PLATES

When scanning a LEU fuel plate the greatest variation in cladding thickness will
normally be seen at the core ends where some dogboning is present. Figure 7 shows
how the result of scanning of a fuel plate core end can be presented. The scan is made
with a resolution of 0.1 mm and the colours represent different thicknesses in steps
of approximately 0.03 mm.

Using the calibration found for foils, we have scanned a core area with a resolution
of 0.05 mm and made both normal and average measurements (out of 5). This scan
is shown in figure 8, and in figure 9 we have, for a single scanning line (see location
in figure 8), compared the normal measurement to the average measurement of the
thickness. It can be seen that the sensitivity is better for the average measurement,
which also tends to reflect a real thickness variation in a better way.

In figure 10, the same average measurement is compared to the thickness of the
cladding in a metallographic prepared sample of a cross section in the fuel plate
following the scanning line. Although it is difficult to exactly locate the position and
prepare a sample without restoring some fuel particles in the boundary area, our
thickness measurement, based on the above equation without the offset, looks to
represent the cladding thickness very well. The small relative variation between the
scanning line and the two adjacent lines (0.05 mm apart), which all are shown at the
bottom indicates that the measurements are reproducible and thus reliable, even
though at some places they also express local changes in the core surface. The offset
found for the foils seems only to be correct at the very first thin core end.

The comparison indicates that even if we are able to measure the time of flights to
the core echo very accurate more tuning of the equipment and calibration to well
known cladding thicknesses are needed before the measurements can be used for
checking fuel plates.
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Figure 9. Normal and average measurements in fuel plate.

Figure 10. Metallographic prepared cross section in a fuel plate for comparison of
cladding thickness with scanned measurements from the same position. At die bottom
the scanning line is shown together with the two adjacent lines (0.05 mm apart).
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Our new software is more flexible and we can analyze each scan in many new ways.
It is possible to scan large areas with high resolution for later examination in details
We can make profiles (single scanlines) in both directions and the colour palette can
be adjusted so all colours are used for a short distance.

Figures 11 and 12 show a scan made with the new software with maximum
resolution and optimal use of the colour palette. Figure 12 shows a partial area of
figure 11.

7. CONCLUSION

We have improved our ultrasonic scanning system to measure smaller minimum
cladding thicknesses with a better sensitivity. This enables us to use the concept to
check, non-destructively, our standard fuel plates for DR3 against the minimum
cladding thickness requirement.

With our system we have a tool which improves the statistical background for
accepting fuel plates. If the system is further developed it may be posible to measure
even thinner claddings, which may be necessary for making fuel plates with high
uranium loadings .
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Figure 11. Scan made with new software. At the bottom the distribution on the
different colour (time) levels is given in percent.
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Figure 12. Detail of the scan shown in fieure 11.
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