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Background

The lack of a national repository for used nuclear fuel has
lead to the usage of dry storage casks as the de facto long term
storage solution, the usage of which is prevalent throughout the
United States (figure 2). Furthermore, as shown in figure 3, the
usage of dry storage is only expected to increase over time.
Because these casks were originally intended as only an interim
measure, there is an urgent need to develop methods to monitor
their structural health over the long-term. Additionally, when
concerns about the susceptibility of these casks to cracking is
considered, the need for inspection becomes even more apparent

[1].

Figure 1: Connecticut Yankee dry storage site [2]
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Figure 2: Used fuel storage sites in the United States [3]
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Figure 3: Projected increase of dry storage over time [4]

The use of robotic devices to inspect the interior of these
casks for signs of damage has been proposed [5], but in order for
this to be realized, advances in sensing technology must occur. We
develop a novel type of transducer for non-destructive evaluation
to aid in these efforts. We construct a prototype sensor,
demonstrate simple defect detection with it, and present a design
for an inspection robot equipping these transducers.

Principles of operation

Ultrasonic inspection is a well known method of non-
destructive evaluation which works by measuring the response of
ultrasonic waves propagating through a material. In through-
transmission inspection, a transmitter and receiver are used to
generate and detect waves in the material to be inspected. The
presence of a crack or defect in the material will scatter some of the
transmitted wave’s energy, reducing the strength of the response at
the receiver (figure 4).

Figure 4: lllustration of through-transmission ultrasonic inspection
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Figure 5: Components of a magnetostrictive transducer

Magnetostrictive transducers are often used to generate and
detect guided waves. These transducers depend on the
magnetostrictive effect, where certain materials will deform in the
presence of a magnetic field. The typical construction of one of
these transducers is shown in figure 5, consisting of a
magnetostrictive foil, meandering coil, and a biasing magnet.
Materials typically used for the foil include Fe-Co and Terfenol-D. For
wave generation, a high-frequency alternating current is supplied to
the coil of the transducer, which generates an oscillating magnetic
field that causes the foil to deform. For reception, the inverse
occurs: deformation of the foil results in a current in the coil that
can be detected. The deformation of the foil is usually coupled to
the material to be inspected with an adhesive, and waves are
transmitted through this bond. Obviously, an inspection robot
cannot have its sensors bound to the surface of the cask.

Prototype construction and testing

Using the basic transducer design in figure 5, we
experimented with various configurations of materials and
geometry. In order to gather relevant data, we used force sensitive
resistors to measure applied force, and a Matec computer system
to generate and measure ultrasonic waves. A testing rig was
constructed to simulate the geometrical constraints of the interior
of the cask (figure 6), and we experimented using deadweights, a
pneumatic cylinder, and an air bladder (shown) to apply the force.

It was discovered early in the testing process that the
performance of the transducer was very sensitive to the alignment
of the components, and the method by which the foil was
attached. To maximize performance, we designed an enclosure
that would hold the components in alighment while still allowing
the foil to float (figure 7).

Figure 6: Testing rig
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Figure 7: The prototype transducer
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