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INTRODUCTION

The safety of nuclear installations calls for continuous safety
inspections to be carried out during erection and operation.
Essential parts of this safety inspection are the basis and in-line
inspections. For this purpose installation systems are used which
allow for an optimal statement to be made regarding the condition of
components tested.
La sécurité d'installations nuclèaires exige des controles de precau-
tion permanents au cours de 2a construction et du fonctionnenent. 3n
ce qui concerne ce genre de controles une tache essentielle revient
aux controles de base et de repetition. De cet effet, on utilise des
systèmes d'installations pennettant une information optimum au sujet

de 1'ètat des composantes examinees.

In nuclear power plants it is mainly the reactor pressure
vessel and the primary components which are examined. Equipment is
used for these tests which provide a rapid and positive statement
to be made regarding the condition on the test specimen. In addition
it must be possible to make a rapid comparison between two sequential
tests. Multi-probe systems are used in order to be able to test the
necessary testing devices with the necessary testing sensitivity and
speed. The techniques employed hereby (tandem, single probe 45° and
70° as well as LSE technique) allow for a 100 % test. So as to make
possible a universal use of the ultrasonic electronics without having
to develop hardware for the respective cases of application, a modular
hardware system has been developed. It consists of an instrument
cabinet containing the necessary electronic function cards. The
capacity of the electronic system caters for the test requirements
and problems. An extension to the maximum capacity can be achieved
by simply adding further function cards and the necessary wiring.
Provision has been made for the connection of peripheral equipment
such as recorders, printers as well as computers.

Functional description of the ultrasonic electronics

The installation is used for testing thick-walled reactor
components. It is suitable for operating in conjunction with the
multi-probe system.

Each channel can be operated either as a testing or coupling
channel. The number of channels of the electronics (at present a
maximum of 60) as well as the test frequency can be varied according
to the test problem or requirements.

The channel switching frequency is variable, based on the
programming of the cycles, e.g. with a wall thickness of 800 mm and
an installation equipped with 60 channels a testing pulse density of
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1 mm can be reached. The setting of the channel switching frequency
is done continuously in coarse and fine stages. The electronic system
evaluates once per cycle. The receiver is only open during its gate
time. The gate is an electronic "window" which is adjusted to the
flaw expectancy range. The gate start, in reference to the trans-
mission pulse and width can be adjusted digitally. During the gate
time transmission pulses which occur are eithsr suppressed or not
released.

Gates

As already mentioned the setting of the position of the gates
is done digitally. The values for adjusting or for the delay path,
the gate start and width are given via coding switches. The corres-
ponding address i.e. the respective cycle in which the gate should
be in operation is similarly routed by a ceding switch. The delay
path, as far as known, is to be fed in directly or is to be measured
using a reference block (e.g. V 1). The tolerance of the gate position
is determined by the quartz oscillator. This results in a high accuracy
for the necessary transit time shift per probe or pair of probes.

Stability and functional check

In each cycle a channel (transmitter, pre-amplifier, evaluat-
ing electronics) is checked for stability and cycling. The transmitter
generates, at the same time as the transmission pulse a signal which
is proportional to it, which with a specific delay, is routed to the
pre-amplifier. The further evaluation of the signal is done in the
same sequence as described in chapter headed "flaw-coupling and
transfer channel". For the rapid recognition of interference a
corrector module is series connected to the end of the chain, which
brings to the same amplitude all the control values obtained when
adjusting. In addition a check is made to see whether the tolerances
have either been exceeded or not reached. If the tolerances have been
exceeded an indicating lamp lights up. At the same time a binary
coded channel number is present at the channel which has to be
checked.

Flaw, coupling and transfer channel

The probe connector box contains the transmitter and pre-
amplifier; it is located close to the probes. The transmitter releases
a pulse in the programmed cycle. The pre-amplifier is opened in the
corresponding gate and amplifies the echo it receives. The output
sides of all the pre-amplifiers are wired in parallel (advantage -
one echo lead from the testing location to the evaluating electronics).
The logarithmic main amplifier has a dynamic range of 100 dB. The
amplifiers are so designed that the input side pulse with a signal
ratio of 100 dB reach the main amplifier without any diminishing of
their information contents. After the logarithmic amplifier the
echoes are evaluated in an A/D converter. This echo, which is present
at the output, is converted into BCD data and the result (5 decadic)
is corrected by calculation (the adjusting of the different sensiti-
vities of the probes and pre-amplifier, taking into consideration
the flaw distance law).

For the indication of the CRT screen a summing amplifier is
connected to the echo lead, which adds the value of the digital
correction to the echo which occurs within the gate. The corrected
echo signal is, in addition, available analog to the reading.
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Recording possibilities

The recording of the measured data can be done either
digitally or analog as required. A high-ohmic recorder can be
connected for analog racordings. Different evaluating and recording
systems can be used for processing the digital measured values.

Recording data using a tape recorder and representation
using a printer

The storing of all data obtained is done by a tape recorder.
It is possible to have a calculated evaluation with the aid of an
existing programme. At the same time as the test is being carried
out the data is given by a rapid printer.

Process computer system

The function of this system is to collect measured data
which occurs during the test and to record it on magnetic tape.
Simultaneously to the measurement the data is given out in condensed
form.

In addition survey diagrams are printed of flaws detected
in the specimen when it is ibeing tested (flaw amplitudes depending
upon the area coordinates x and y). The software necessary for this
is divided into "on-line" and "off-line" processing.

On-line processing

Direct coupling with the input data and/or output-data can
be transferred/passed without persons becoming involved.

Off-line processing

Indirect process coupling, with the input as well as the
output data can only be done by involving persons.


