Single-Coil Eddy Current Sensors

Subjects: Automation & Control Systems

Contributor: Sergey Borovik

The single-coil eddy current sensors (SCECS) constitute a separate and independent branch among the eddy current
sensors. The SCECS sensing element is a single current loop that can be inserted into the measuring zone with harsh
and extreme conditions. Such simplicity of the SCECS design ensures sensors’ functioning at high temperatures, reaching
1200 °C and more in gas turbines, high linear speeds of the monitored objects, contamination of the measuring medium
by fuel combustion products, vibrations, etc. The main application of the SCECS related to the monitoring the dangerous
states of the power plants. The sensors and their cluster compositions make it possible to evaluate a wide range of power
plants diagnostic parameters, including radial clearances between the blade tips and the stator of the compressor and
turbine of the gas-turbine engine, shaft displacements in the radial thrust bearings, the presence of wear particles of
friction pairs in oil system, etc.
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| 1. Introduction

The high-performance gas turbine engine (GTE) is the basis for creating promising equipment for aviation, land and
marine applications. It is known that the main energy, strength, economic and environmental indicators of the GTE are
largely determined by the value of the radial clearances (RC) between the blade tips and the stator of the compressor and
turbine of the GTE. It is noted by Danilchenko et al. i that the dependence of the efficiency value on the RC is nonlinear,
and at high-pressure compressor stages, when the RC increases by 1%, the efficiency can decrease by 2%, and the
coefficient of aerodynamic stability margin can decrease by 3%. Melcher et al. &, with reference to BIEIE, mention the
empirical rule according to which a decrease in turbine clearances by 0.25 mm (0.010 in) leads to a decrease in exhaust
gas temperature by 10 °C (18 °F) and an increase in turbine efficiency by 1%. As a result, the specific fuel consumption is
reduced by 1% and the emission of harmful substances is reduced proportionally. The same source claims that despite
the seemingly insignificant effect of reducing the specific fuel consumption, in financial terms, this leads to annual savings
of more than $160 million in prices at the time of publication [2. On the other hand, the excessive reduction of the RC can
lead the blades to be cut into the inner surface of the stator shell and cause the emergency engine failure. Therefore, the
task of obtaining reliable information about the value of the RC in the flow part of the gas turbine on a running engine is

relevant and is the reason for the long-term interest of gas turbine developers in the appropriate measurement tools [2EIE]
[71ele]

| 2. Application

Despite the existing variety of methods for measuring the RC B, their implementation is limited by very harsh and even
extreme conditions in the gas-air path, which are associated with high temperatures in the measurement zone, reaching
1200 °C or more in GTE turbines, high linear speeds of the monitored blades tips, contamination of the gas-air path by
fuel combustion products, vibrations, etc. The measurement methods on the base of eddy current sensors are one of the
most promising methods for obtaining information about RC in such extreme conditions [LQILUL2I[13|[14][15][16]

The single-coil eddy current sensors (SCECS) being developed in the Institute for the control of complex systems of the
Russian Academy of Sciences 4 constitute a separate and independent branch among the eddy current sensors. The
SCECS sensing element (SE) is a single current loop. The plane of the SE contour can be oriented both parallel and
orthogonally in the direction of the monitored object.

The descriptions of the original constructions of the SCECS used for measuring of the RC in the GTE are given in works
[17II8IIA9] (Figure 1). The SE of the sensor is a segment of a linear conductor that is connected using current leads and a
volume coil of the matching transformer (MT) to the measuring circuit (MC). The SE is inserted into the flow part of the



compressor or turbine through the mounting hole in the stator. The MT is placed on the outside of the stator shell in
favorable temperature conditions. The interaction of the SE and the blade tip provides measurement information about the
RC.

Figure 1. Schematic image of a typical SCECS with SE in the form of a conductor segment.

The computerized measurement systems were built on the basis of the SCECS with a SE in the form of a conductor
segment. The systems were used in GTE bench tests to monitor the RC in various operating modes of power plants. The
measurement systems provided engine developers with documented data on the value of the RC between GTE movable
and fixed structural elements, including information about the RC for each blade of the impeller of the monitored stage of
the compressor and turbine of the GTE. The systems performance, metrological consistency and reliability were

confirmed during the testing processes. The total operating time of the measurement systems was more than a hundred
hours [L7[29],

In real conditions the blade tips perform complex multi-coordinate displacements associated with the bending and twisting
of the blade body, the axial displacement of the rotor in a radial thrust bearing, etc. The inductance of the primary MT
winding of the SCECS contains all information about the coordinates of the blade tips offset and this information can be
extracted using the so-called cluster measurement methods 2921 The methods involve the concentration of a cluster
(group) of SCECS in the measurement zone. The SE of the sensors have a certain orientation relative to each other and
the reference system. The number of the sensors is determined by the number of the measured coordinates. The
inductances of the primary windings of the MT of the sensors are fixed at the moment when the blades roots pass the
selected reference system. The desired coordinates are calculated using the pre-obtained calibration characteristics of
each sensor during the processing of the received data. In particular, the axial displacements of the shafts in radial thrust
bearings can be estimated in addition to the measured RC. And this, in turn, allows to identify the initial stage of the
intensive wear of the friction pair.

The detection of metal wear particles in the lubrication systems of the bearing units of the power plants is another
application of the SCECS. Stepanov [22 states that the total number of GTE failures associated with friction nodes can
exceed 30%. It is obvious that the timely detection of wear particles in the oil of the GTE lubrication system eliminates the
emergency situations associated with the premature bearing failures. The SCECS with orthogonal orientations of the SE
contour to the monitored object (a cluster of SCECS) can be used for construction of in-line debris detectors for the GTE
oil systems of different diameters. For greater sensitivity the general oil stream on the input of the sensor is split into N
independent streams with a smaller cross-section area 231, Each independent stream is covered by a single current loop
located in the pipeline of the engine oil system.The cluster SCECS can determine the size of the metal particle and
identify its magnetic properties.
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