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ABSTRACT

A cladding thickness tester for extruded reactor fuel tubes
has been automated to provide reduced operator interaction. The
cladding thickness tester, which uses an x-ray fluorescence ana-
lyzer, has been interfaced with an SRL/6800 microcomputer to
control fuel tube orientation, operate the analyzer, calculate
cladding thickness, and give pertinent data in hardcopy tabular
form.
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COMPUTER CONTROL FOR A CLADDIRG THICKNESS TESTER

INTRODUCTION

The Nuclear Engineering Division has a cladding thickness
tester (CTT) for nondestructive thickness determination of experi-
mental and production fuel tubes. As designed, the CTT did not
allow precise position control of the tubes and required three
analyses to be performed by the operator. A Savannah River Lab-
oratory (SRL)/6800 microcomputer has been included in the CTT to
precisely position the tubes and automatically make the analyses,
thereby reducing any human errors in measuring techniques.

The CIT uses a Kevex® (Reglstered trademark of the Kevex
Corporation) x~ray fluorescence spectrometer as a front end to a
Canberra counter—scaler system to analyze the spectrum produced by
a radiocactive cadmium-109 source when the fuel tube wall is placed
at the detector.l

Previously, a preset indexer and stepping motor were used to
rotate the tubes to a specific position. The index has been re-
placed with a computer-controlled translater. A manual control
for a synchronous induction motor was used to position the tubes
longitudinally. The control and synchronous motor were replaced
with a stepping motor and translator.

The Canberra counter and scalers, and the Kevex® ratemeter
used in the measuring analyses were connected to the microcomputer
so it could read the data directly for calculations. The cadmium-
109 source probe, which rides a controlled vertical elevator, was
also integrated with the computer to allow the probe to be raised
while the fuel tubes were rotated.

CLADDING THICKNESS TESTER ~ SRL/6800 MICROCOMPUTER

The photograph in Figure 1 shows the CTT on the floor of the
Fabrication Development Laboratory. The SRL/6800 microcomputer
and Kevex® x-ray fluorescence spectrometer are in the rack beside
the middle of the CTT bed. The probe elevator raises and lowers
the liquid nitrogen Dewar at the left end of the CTT bed. The
cadnium-109 probe source is in the plastic cage at the CTIT bed's
mid-section. The CTT chuck cart positions the fuel tube that is
being analyzed. ’
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FIGURE 1. Cladding Thickness Tester




Software

The characteristics of the CTT-SRL/6800 microcomputer? are
defined by its software. Four types of analyses are available in
this system:

Typa 1 ~ The core end analysis is a rather extenslive routine
which can search an area to find a minimum cladding thicknzss
point. It requires aine orientation specifications to define the
search details, The first step in the analysis is to determine
the starting position of the search with respasct to an avea of
nominal cladding thickness. The fuel tube is then sszearched longi-
tudinally for a thin cladding area using a coarse scan grid, and a
fine scan grid is used to pinpoint the minimum cladding thickness.
The coarse grid scan is then resumed, and after a specified length
of nominal thickness cladding is scanned, the fuel tube is rotated
and the process repeated.

Type 2 —- The ring section analysis simply rotates the fuel
tube in Increments, taking c¢ladding thickness measurements at
specified intervals.

Typa 3 - The spot analysis allows the detector to be cen-
tered over a spot on the fuel tube, where cladding thickness
measurements are taken from a grid surrounding the center point.

Type & - Manual control software allows the fuel- tube to be
positioned at the operator's discretion. Cladding thickness
measurements can be taken as desired. Manual contrel 1s also used
to input orientation specifications for the first three analyses,
and also to input constants for calculating the cladding thick-
ness. Figure 2 is a sample of a specification entry page. Manual
control software allows the option to use constants and specifica-
tions previously entered or to enter new constants and orientation
specifications, reducing unnecessary variable entry.

The data that the microcomputer receives from the analyses are
used in an equation to determine the cladding thickness (CT equa-
tion, Figure 1). For three ranges of weight percent radiocactive
material in aluminum alloy, three different sets of constants are
also used.

10 £ %2 < 30 Constants A

30 < % < 50 Constants B

50 <% < 80 Constants C

Data are displayed in tabular form, providing coordinate
information with respect to the analysis starting point, raw

spectrometer data, and calculated cladding thickness (Figure 3).
If the difference of count minus background for either the L,
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peak or the Lp peak of the detected x-rays 1is below a given value,
the cladding thickness value is forced to 1000 mils in order to
flag an invalid result and to allow proper program functioning.

CIi Program Structure

The CTT program structure is centered around three analyses
and the manual control option (see Figure 4) with numerical opera-
tions based on variables represented by ASCII coded characters.
This allows operator—oriented input and output to be stored in-
immediately useable form. The only binary operation performed is
for the stepping motor handler routine, which requires a 16-bit

binary number to indicate the number of steps to move the stepping
motor.

Interface and terminal initializations are actuated by a
button on the CTIT panel. The CTT routine then requests the alloy
welght percent and the analysis that 1s to be run.

General practice after a power up start is to run Type &
manual control to permit entry of equation constants and orienta-
tion specifications.

Longitudinal position sensors are actuated if the CIT chuck
cart holding the fuel tube reaches either end of the CTT bed.
This action forces the microcomputer to restart the program, thus
halting any computer—-initiated motion directives.

Enudvirea

The microcomputer interfaced with the CTT uses three 4K EPROM
modules to hold the program and messages. One 4K RAM 1s used for
variable storage. One 4-port serial interface is used to drive
the stepping motor translators, and one serial interface is used
to communicate with a DEC® writer II terminal. One 4K EPROM
module 1is used for the 1X monitoxr, and one 1K RAM module is usged
for monitor scratch and diagnostic programs. One MPU mwodule and
one status indicator module also are used. Numerical processing
is performed by a Number Cruncher module. Interfacing to the
Kevex® ratemeter, Canberra scaler—counters, tube handler position
sensors, and probe elevator is through a Parallel Interface module.

® DEC is a registered trandmark of the Original Equipment Corpora-
tion.
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