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ABSTRACT

Inductive proximity detectors are used extensively in
nuclear facilities to provide status information on
moving machinery. Most standard proximity detectors
are sensitive to the damaging effects of ionising
radiation, often failing at relatively low and variable
total doses. AEA Technology has developed a range of
detectors qualified for operation in the radiation
environments found in nuclear fuel-handling plants and
around nuclear reactors. The development steps and
resulting range of detectors are described, together with
examples of applications using the detectors at BNFL's
Sellafield site. These products give plant operators
greater confidence in the data received and improve the
margins of safety associated with their operations.

Le detecteur inductif de proximite est un transducteur
tres repandu dans les facilites nucleaires. II est utilise
de transmettre des informations, en particulier sur l'etat
des equipements mobiles. Les versions standards de
detecteur sont sensibles aux effets nuisibles des
rayonnements ionisantes, souvent devenant inutiles aux
doses relativement basses et variables. AEA
Technology a developpe une gamme de detecteurs qui
sont qualifies pour Putilisation dans les
environnements radioactifs trouves dans les
installations pour traiter les combustibles nucleaires et
associes avec les centrales nucleaires. Les etapes du
developpement et la selection resultante de detecteurs
sont decrites, avcc l'aide de quelques exemples des
applications qui emploient ces detecteurs a BNFL,
Sellafield. Ces produits donnent aux operateurs des
installations une confiance amelioree dans les donnees
recues et augmentent les marges de securite pour leurs
operations.

INTRODUCTION

In order to provide plant operators with status
information on remote operations, many moving items
are fitted with sensors to indicate their position. One of
the most common sensors is the inductive proximity
detector. This is a non-contact device, using an
electronic circuit to project a magnetic field and
measure the change in that field due to the near-by
presence of magnetic materials. The industrial standard
inductive proximity detector is a mature sensor, with
the basic design dating back several decades. Many
millions of these sensors are in use around the world.

One disadvantage of the conventional inductive
proximity detector is that the operation of the circuit
can be affected by relatively low doses of radiation,
leading to inaccurate sensing and false data being
presented to the control system. When used in

radioactive environments, plant operators must plan the
replacement of detectors at regular intervals, timed so
that the majority of the detector's lifetime is used but
also minimising the downtime associated with failures
on-plant. The inherent variability in the radiation
tolerance of a product not designed for use in radiation
areas complicates this task enormously. The
development of radiation tolerant detectors provides
plant operators with much greater confidence in the
reliability of the data received, ensuring higher margins
of safety and greater efficiency.

WHAT IS AN INDUCTIVE PROXIMITY
DETECTOR?

Proximity detectors are non-contact sensors and so
are not subject to mechanical wear. They are used for
registering motions of drives and machines and are
usually employed as limit switches. However, due to
their ruggedness (being completely encapsulated) and
high permitted switching frequency, they can be used
for many other tasks, such as pulse generators for
registering rotational speed. Several forms of proximity
detector exist, the commonest being capacitive and
inductive. Capacitive detectors are normally used for
detecting non-metallic materials that have dielectric
properties. Sensing ranges can be affected significantly
by external factors and capacitive types are not used
extensively in the nuclear power industry.

Inductive proximity detectors function only with
magnetic materials and are particularly effective with
mild steel, although can be used with other metals
including brass, aluminium, copper and stainless steel
(1). They are normally used in applications demanding
high switching frequency, high actuation speed,
switching point accuracy and high reliability.

Inductive proximity switch

Fig. 1: Block diagram of an inductive proximity
detector.

Figure 1 illustrates the main components of a basic
inductive proximity detector in block form. The
detector comprises an oscillator, O, with resonant
circuit, S, a rectifier, G, and an output amplifier, V.
The coil of the resonant circuit is wound on a ferrite
core that is open at one end. The open end serves as the
"active surface" of the proximity detector. The
oscillator produces a high frequency electromagnetic
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field, Z, which emanates from the open end of the
ferrite core. If a piece of metal, B, is inserted into this
field, eddy currents will be induced in the metal and
energy will be absorbed from the resonant circuit. This
means that a piece of metal coming close enough to the
active face of the sensor will stop the oscillations. As a
result, the voltage after the rectifier drops to zero and
the amplifier alters the switching condition of the
output, A. Internal feedback results in hysteresis and a
"flip-flop" characteristic of the switching operation is
produced.

Detectors vary in size and switching distance. The
smallest are no more than 4 mm in diameter with a
switching distance of 0.8 and 1 mm. At the other end
of the scale, switching distances of up to 80 mm are
possible. Detectors are generally available with flying
leads or a range of connector possibilities, with or
without LED indication and different mounting
arrangements to suit a variety of applications.

RADIATION EFFECTS ON PROXIMITY
DETECTORS

Test data

The Radiation Testing Service of AEA Technology
has carried out tests on a wide selection of inductive
proximity detectors over a period of more than 10
years. Patterns have emerged from these data and
indicate that most types of detector tend to respond to
radiation in a similar manner.

It is important to measure the radiation-induced
changes in performance in a consistent and repeatable
manner. We have developed a test method that
conforms to the various international standards for
testing these transducers. BS 5271: 1988 (EN 50010:
1987) (2) identifies appropriate methods for measuring
the relevant parameters. Our test method enables the
switching distance and supply current to be measured
before irradiation and after each of a number of stages
of irradiation, at increasing values of total integrated
dose, in order to obtain a plot of the change in the
parameters with increasing exposure to radiation. At
each irradiation stage, it is critical to ensure that the
detector is mounted in a consistent manner and that
there is no interference from magnetic materials near
the active face.

Commonly-observed radiation-induced changes
include an increase in switching distance and a fall in
current consumption. The first effect progresses with
total dose, finally reaching a point at which the output
is latched in one state and cannot be changed. The
second leads to a movement of the operating point as
interpreted by the external control amplifier and
therefore false distance readings.

Figure 2 illustrates the change in switching distance
observed for a typical, standard, inductive proximity
detector. The switching distance can be seen to rise
after a total integrated dose of 0.1 kGy until above 0.3
kGy, where the outputs become latched in one state.
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Fig. 2: Change in switching distance with total dose for
a typical standard proximity detector.

Electronic circuit analysis

Consideration of the type of electronic circuit used
for most types of inductive proximity detector shows
that the operation of the detector is dependent on the
electrical characteristics of bipolar transistors. If the
transistor characteristics are changed, for example by
radiation, then this leads to a change in the sensitivity
of the detector, resulting in false distance readings and
eventual failure to switch. It is well known that
radiation has a detrimental effect on the characteristics
of transistors (3, 4) and this can result in failure of the
proximity detector during use in a radiation
environment.

Careful selection of the type of transistor and
modification of the circuit help to minimise the
radiation-induced change in critical parameters. This
requires knowledge of the effect of radiation on the
basic parameters of transistors, together with an
understanding of the way in which changes in device
parameters translate into performance changes for the
detector as a whole. Computer modelling of the circuit
can be an effective tool for experimenting with
different devices and circuit configurations.

THE RADIATION TOLERANCE DESIGN
PROCESS

Requirements of a radiation tolerant proximity detector

For a proximity detector to offer benefits to the
nuclear power industry over and above current
standard designs, it must meet certain requirements.
Firstly, it must continue to operate after a total
integrated dose of at least 0.1 MGy and preferably 1
MGy. This translates into a lifetime of months to years
in most plant. Standard types, failing after 0.1 kGy, can
cease to function after as little as a few hours in some
operations. Secondly, it must survive mechanically for
a similar period of time, requiring specially selected
materials for the cable and other structural components.
Thirdly, all the electrical specifications accepted as
standard within industry in general must be carried
over to the radiation tolerant design, especially EMC,
RFI protection and, in some cases, intrinsically safe
operation. In order to meet all of these requirements, a
thorough redesign of the detector is usually required.
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Electronic circuit design

Computer modelling of the detector circuit, as
described above, enables a variety of components and
configurations to be trialled without the expense of
radiation testing each design. Once a working design
has been modelled, then a prototype circuit can be built
and tested to prove its total dose radiation tolerance
capability. Depending on the capability of the models
used, this may take more than one iteration until a
successful circuit design has been developed.

Materials selection

In order for a detector design to work fully, several
non-metallic components are required and each must
be selected to be able to survive the required total dose.
Metals are not affected by the magnitude of total dose
concerned here. The principle items of concern are the
cable leading from the detector, the former on which
the coil is wound and the cover over the coil, i.e. the
active face of the detector. The choice of suitable
materials is relatively straightforward, based on data
published in the literature (3). As always, it is
necessary to bear in mind not only the total dose likely
to be seen in operation but also the other factors that
affect the radiation tolerance of materials, i.e. dose rate,
temperature and humidity.

Integration of a prototype detector

Once the electronic and mechanical designs are
complete, a prototype detector can be built and
subjected to radiation testing. This is essentially the
final, pre-production design and the test results will
form the basis of the initial product certification. EMC
and other mandatory testing are also carried out at this
stage. Assuming the results are acceptable, this then
becomes the final product design.

On-going quality assurance

The radiation tolerance of electronic components and
even polymeric materials can vary from one
manufacturers' batch to another. It is important to
monitor the radiation tolerance of each new batch used
for production. Hence, batch testing of components and
finished detectors is an integral part of the quality
assurance process. AEA Technology meets this
requirement by radiation testing a random selection of
transistors from each new batch used in production and
then also testing a set often detectors in confirmation.
This provides the confidence for issuing certification to
guarantee the radiation tolerance of the detectors
delivered to customers. A more detailed description of
the radiation tolerant design process is given in (5).

TEST RESULTS

Two-wire DC detectors

The basic type of inductive proximity detector is a
two-wire, dc detector. The current consumption of this
type of detector changes from a high to a low level to
reflect the sensing state. Detectors are available in
normally-open or normally-closed configuration and

some interface amplifiers allow remote selection of this
function for a given detector.

In conjunction with Klaschka GmbH & Co of
Stuttgart, Germany, the first type of radiation tolerant
detector developed by AEA Technology was a 2-wire
dc type with a switching distance of 5 mm. This is an
18 mm diameter, cylindrical body detector, illustrated
on the left-hand side in figure 3 and designated 11.26-
25R (6). The radiation tolerance design process
described above was followed and enabled a guarantee
of 1 MGy to be offered for this type.

Fig. 3: I I.26-25R radiation tolerant proximity detector.

Test results on this type of detector indicate that the
switching distance changes only slightly with total
dose, even at 1 MGy, as shown in figure 4. The
movement in switching distance is within the
acceptable limits and is repeatable across different
production batches. All the mechanical components
have been qualified for use in the environmental
conditions associated with nuclear power industry plant
and a special polyurethane/polyimide cable is fitted in
place of the standard PVC version.
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Fig. 4: Radiation test data for the 11.26-25R detector

We are now working to introduce longer range
versions of this type of detector. A 10 mm detector is
already available with a guarantee of 0.1 MGy (11.26-
26R). This will shortly be upgraded to 1 MGy. An even
longer range version with a switching distance of 20
mm is in development.
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Intrinsically safe detectors

The operation of electrical equipment in some
environments, for example where high concentrations
of hydrogen may be present, calls for the use of
intrinsically safe qualified items. These are items that
are certified to be safe for use in potentially explosive
atmospheres. The usual standard applied to proximity
detectors for these conditions is the NAMUR
designation, according to EN 50014, EN 50020 and EN
50227 (7 - 9).

Again in conjunction with Klaschka GmbH, we have
developed a radiation tolerant, intrinsically safe
detector. Mechanically, this detector is similar to the
11.26-25R, being 18 mm in diameter and with a
switching distance of 5 mm. The same radiation
tolerant materials are used and the same test procedures
applied. This detector is offered with a guaranteed
radiation tolerance of 0.1 MGy. In practice, the test
results have been consistently better than this and we
hope to be able to increase the guarantee to 1 MGy in
the near future. Fully compatible, intrinsically safe
interface amplifiers are also available.

APPLICATIONS FOR RADIATION TOLERANT
PROXIMITY DETECTORS

Intermediate level waste (ILW) plant

Four facilities are currently under design and
construction at Sell afield for the handling and
processing of intermediate level waste. The radiation
tolerant proximity detectors described above have been
specified for use on these plants and a large number
have been supplied for the first, the Sellafield Dry-Pac
(SDP) project. This plant is the nearest completion of
the four and commissioning is taking place over the
next year or so. Both 5 mm and 10 mm switching
distance versions have been supplied, together with
interface electronics to link the detectors to the plant
control system.

THORP

The THermal Oxide Reprocessing Plant is one of the
most modern and efficient plants at Sellafield. Oxide
fuel is received, dismantled and reprocessed, with
various product streams passing through different
facilities. A large number of inductive proximity
detectors is used throughout the plant, comprising a
variety of types and suppliers. A number of 5 mm
switching distance detectors has been supplied to
THORP for trials to ensure their reliable operation in
the plant. Initial results look promising and, if
successful, more detectors will be supplied for other
parts of the building.

SUMMARY

This paper has described the requirement for
inductive proximity detectors in the nuclear power
industry and shown how a standard design can be
modified to give a radiation tolerant version. Examples
of this process being applied and yielding proven,
radiation tolerant detectors have been given and
applications already using these detectors described.

The authors would like to acknowledge the co-
operation and support of the staff at Klaschka GmbH
and Klaschka (UK) Ltd received during these
developments and the help of British Nuclear Fuels pic
in providing the applications information.
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