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57 ABSTRACT 
An apparatus and method are disclosed for determining 
the integrity of coated fuel particles via acoustic charac 
terization. Particle supply means (4) drops the nuclear 
fuel particles (2) individually onto the face (6) of a trans 
ducer (8). The generated signal which is indicative of 
the integrity of the coating on the dropped particle is 
analyzed with analyzing means (26, 28, 30) for discrini 
nating between a flawed and an unflawed particle. 

5 Claims, 2 Drawing Sheets 
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1. 

NSPECTION OF FUEL PARTICLES WITH 
ACOUSTICS 

This invention was made with Government support 5 
under Contract No. SD1084-89-C-0001 awarded by the 
U.S. Department of Defense (DOD). The Government 
has certain rights in this invention. 
This is a division of application Ser. No. 07/669,826 

filed Mar. 15, 1991. O 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates in general to an acoustic 

characterization technique for particle integrity, and in 15 
particular, to an acoustic characterization technique for 
determining the integrity of outer coatings on nuclear 
fuel particles. 

2. Description of the Related Art 
In a new design particle bed reactor (PBR), a typical 20 

fuel rod consists of millions of tiny multi-layered spheri 
cal fuel particles, each having a nominal diameter of 
roughly about 500 microns (um). The innermost "ker 
nel of each particle consists of enriched uranium. The 
intermediate layers of each particle consist of buffering 25 
carbon layers. The outermost layer of each particle 
consists of a thin coating of a metallic carbide whose 
primary purpose is to serve as a barrier against escaping 
fission products. It is readily understood that maintain 
ing the integrity of the fuel particle's outer carbide layer 30 
is of the utmost importance. 

Currently, there are only a few inspection techniques 
applicable to determining the integrity of such particles. 
Most of these techniques are destructive in nature, and 
all of the prior art techniques are applicable to only a 35 
small percentage of a given batch or lot of particles. 

Accordingly, there is a need for an inspection tech 
nique for determining the integrity of a nuclear fuel 
particle which is nondestructive in nature and can in 
spect each particle quickly and reliably. 

SUMMARY OF THE INVENTION 

The present invention solves the aforementioned 
problems with the prior art as well as others by provid 
ing an apparatus and method for acoustic characteriza- 45 
tion of the integrity of the coating on nuclear fuel parti 
cles. In the present invention, the particles to be tested 
are individually dropped on a piezoelectric acoustic 
transducer to generate an electrical signal indicative of 
the integrity of the coating on the dropped particle. 
Signal analysis is then utilized to discriminate between a 
flawed and unflawed particle by comparing each signal 
response with that of a calibrated standard of an un 
flawed particle. 

In the preferred embodiment, the signal analysis 55 
means comprises an amplifier and an analog-to-digital 
(A/D) converter to amplify the signal and input it into 
a computer which houses digital analysis software. Dif 
ferences in the signal response enable discrimination 
between flawed and unflawed particles. 60 

Accordingly, an object of the present invention is to 
provide an acoustic technique for fuel particle inspec 
tion which enables 100% inspection of the particles in a 
reasonable time frame. 
Another object of the present invention is to provide 65 

a nondestructive acoustic characterization apparatus 
and method for determining the integrity of the coating 
on nuclear fuel particles. 
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2 
Still another object of the present invention is to 

provide a simple, inexpensive apparatus and method for 
acoustically discriminating between flawed and un 
flawed particles. 
The various features of novelty which characterize 

the invention are pointed out with particularity in the 
claims annexed to and forming part of this disclosure. 
For a better understanding of the present invention, and 
the operating advantages attained by its use, reference is 
made to the accompanying drawing and descriptive 
matter in which the preferred embodiment of the inven 
tion is illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawing: 
FIG. 1 is a schematic view of the fuel particle acous 

tic inspection system in accordance with the present 
invention; and 

FIG. 2 is an illustration of an unflawed and flawed 
particle response. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention resides in an apparatus and 
method for determining the integrity of the coating of 
nuclear fuel particles via acoustic characterization. 
100% inspection capability is achieved with the present 
invention for millions of coated nuclear fuel particles 
associated with particle bed reactors as is well known in 
that art. 

Referring to FIG. 1, there is illustrated a schematic 
representation of the present invention. Fuel particles 
(2) from a particle supply means (4) are individually 
dropped, as depicted by the dashed line A (with the 
dropped particle also being depicted in dashed line 
form), onto the face (6) of a transducer (8) such as a 
piezoelectric acoustic transducer. 
The particle supply means (4) is any suitable device 

for dropping particles individually on transducer (8). 
For illustrative purposes one example may include a 
hopper (10) with an opening (12) which allows a single 
particle to roll down a chute (14) where it drops on the 
transducer (8). Of course, other suitable particle supply 
means (4) only need to drop particles from a supply 
individually on the transducer (8). 
At the time of impact, a compressional impulse is 

generated at the point of contact of the particle (2) and 
the transducer face (6). A compressional impulse wave 
propagates diametrically through the fuel particle 
which is spherical and is reflected at the opposite sur 
face as a tensile impulse wave. The tensile impulse wave 
then makes a return journey through the spherical nu 
clear fuel particle with the particle snapping away from 
the transducer when the impulse reaches the starting 
point of contact between the particle (2) and the trans 
ducer face (6). Of course, it is realized that this entire 
process takes only a fraction of a microsecond. The 
dropped particle (2) is then collected in another basket 
or hopper (16) with means for separating flawed from 
unflawed particles. 

Suitable separating means need only remove a batch 
or small portion of particles containing a flawed parti 
cle. Ideally, the separating means would remove only 
the flawed particle, but even removing some unflawed 
particles with the flawed one is acceptable. FIG. 1 illus 
trates one example including a hopper (16) with a 
slanted portion (18) to collect the dropped particles. 
Channels (20, 22) connected to hopper (16) allow for 
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separation of the flawed particles through channel (22) 
while the unflawed particles pass through channel (20). 
Gate (24) selectively controls the opening of the chan 
nels (20, 22) where they are disposed of or collected in 
a known manner. Gate (24) may be connected to the 
control system or a computer (30) for automatic opera 
tion. Any suitable separating means may be employed 
with the present invention and this example is not in 
tended to limit the invention hereto. 
During the period of intimate contact between the 

fuel particle (2) and the transducer face (6), part of the 
vibrational resonance of the particle is redistributed as 
elastic waves in the transducer face (6) and convolved 
with the transducer (8) response itself. The resulting 
signal is thus a combination of transducer (8) response 
and the signal derived from the particle (2). The signal 
from transducer (8) is amplified with amplifier (26) and 
sent to an analog-to-digital (A/D) converter (28) prior 
to being input into a computer (30) housing digital anal 
ysis software. Differences in the signal response as de 
picted in FIG. 2 as viewed from the computer enable 
discrimination between flawed and unflawed particles. 
The "good" particle response as shown in FIG. 2 as 

"uncracked' preferably is a calibrated standard signal 
which is the basis for the comparison. In an alternate 
embodiment, this calibration may be performed with 
stored data points so that a visual inspection is not nec 
essary. The sample to be tested generates a curve with 
data points that are compared to the preset values. 
Cracked or flawed particles when struck by an in 

pulse tend to resonate at a different frequency from 
their homogeneous counterparts as seen in FIG. 2. 
Hence, a cracked fuel particle (i.e., outer layer of zirco 
nium carbide (ZrO) cracked), when dropped onto the 
face (6) of a piezoelectric transducer (8), generates a 
significantly different signal from that of a non-cracked 
particle. By analyzing signal responses, the acoustic 
discrimination technique of the present invention is able 
to discriminate flawed from unflawed fuel particles. 
Any variation of particle integrity, e.g., laminations, 

cracks, nonsphericity can give rise to subtley different 
signal signatures. Consequently, the system is trained to 
globally inspect the particle and look for any variations 
in the signal to allow for a general inspection technique. 
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4 
Once calibrated for a known acceptable particle, the 
system is used to screen out any particle that gives a 
signal response that fails to fit the "good" pattern. 
While a specific embodiment of the present invention 

has been shown and described in detail to illustrate the 
application and principles of the invention, it will be 
understood that it is not intended that the present inven 
tion be limited hereto and that the invention may be 
embodied otherwise without departing from such prin 
ciples. 
What is claimed is: 
1. A method for acoustically inspecting the coating 

integrity of the outer carbide layer of a nuclear fuel 
particle, comprising the steps of: 

providing a supply of nuclear fuel particles for in 
spection; 

dropping a nuclear fuel particle to be inspected from 
the supply one at a time on an acoustic transducer; 

generating from each nuclear fuel particle impact on 
the acoustic transducer a signal indicative of the 
integrity of the outer carbide layer for each of the 
dropped nuclear fuel particles; 

analyzing each signal digitally for discriminating 
from a flawed and an unflawed nuclear fuel particle 
based on calibrated signals; and 

separating a flawed nuclear fuel particle from an 
unflawed nuclear fuel particle. 

2. A method as recited in claim 1, further comprising 
the step of collecting unflawed nuclear fuel particles in 
a hopper. 

3. A method as recited in claim 2, further comprising 
the step of collecting the flawed nuclear fuel particles in 
a second hopper. 

4. A method as recited in claim 1, wherein each of 
said nuclear fuel particles has a diameter of about 500 
microns. 

5. A method as recited in claim 1, wherein each of 
said nuclear fuel particles has an innermost kernel of 
enriched uranium surrounded by intermediate layers of 
buffering carbon with an outermost layer of the metallic 
carbide which serves as a barrier against escaping fis 
sion products. 
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