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Abstract 
The study deals with systems and methods used for the identification of blade stress, vibration and damage 
in low-power stages of steam turbines. The tip-timing method based on the evaluation of time differences 
of blade passages in different rotor revolutions has been modified and improved to provide more precise 
and reliable results. A new approach to the analysis of the amplitude and time differences of impulse 
signals generated by a blade passage has been applied.   Principles of non-contact sensors of blade 
passages based on measuring deflections or velocity components are described and compared, including 
up-to-date magneto-resistive sensors. Selection of a sensor type is focused on a demanded accuracy of the 
blade position measurements with respect to the used method.  

1 Introduction 

Operational identification of steam turbine blade strain, vibration and damage is a very important measure 
to ensure efficient operation of these expensive facilities. The effort is to install proper diagnostic systems 
allowing early detection of blade damage. One possible solution is to use a telemetric strain-gauge system.  
The strain gauges are attached at reference points of selected blades. Frequencies and amplitudes of blade 
vibrations are ascertained by means of measurement of strain dynamic components. However, static 
position of blades, which can yield significant diagnostic information on blade damage, cannot be 
measured by strain-gauge systems. Another disadvantage is the short lifetime of strain gauges in the 
aggressive environment of the steam turbine, usually of several days or weeks. Moreover, only some 
selected blades can be monitored by these systems. 
Non-contact systems with stator sensors enable monitoring of all blades of the stage simultaneously. 
Design and construction of the diagnostic system VDS-UT developed in the Institute of Thermomechanics 
of the Academy of Sciences of the Czech Republic (hereafter ITAS) are based on previous versions of 
measuring systems elaborated in the ITAS for investigation of static and dynamic characteristics of blade 
vibration of low-pressure stages of steam turbines [2],[3],[7],[11]. The basic method of these systems is 
the tip-timing method, utilizing time-differences comparison of passages of single blades along position 
sensors in different rotor revolutions. The systems use in-house non-contact sensors located along the 
circumference of a turbine stator. The active sensors utilize either the effect of directional magnetic 
dependence of a sensitive element of the magneto-resistive sensor or moving blade impact on an internal 
electromagnetic field of the inductive sensor. Static characteristics, amplitudes and frequencies of blade 
vibration are determined as a result of a relatively complex calculation procedure. Observing trends of 
relative blade distances, blade cracks can be diagnosed. An estimate of blade operational strain and 
damage can be performed on the basis of the analysis of circumferential components of blade vibration 
amplitudes. 
The novel system denoted as BVMS (Blade Vibration Monitoring System) has been developed in the 
ITAS in 2011. This system features many advantageous functions that enable a user to gain a complex 
mathematical and dynamical characteristics of the monitored turbine wheel. Functions like identification 
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of nodal diameters associated with detected eigenfrequencies, SAFE or Campbell diagrams and many 
others can be obtained on-line during the measurement and data acquisition process. 

2 The concept of the BVMS system 

The principle of the non-contact vibrodiagnostic system of turbine blades can be seen from the schematic 
diagram in Fig.1 [12],[13]. The non-contact sensors S1, S2 placed on the stator generate impulse signals 
by passages of each turbine blade tip. The sensor RM  detects the passages of a magnetic reference mark 
attached to the turbine rotor shaft.  
 

 
Figure 1: The principle of the non-contact vibrodiagnostic system. 

The system utilizes two basic measuring methods also referred to as tip-timing and tip-clearance. The tip-
timing method is more widely known and widespread thanks to the accuracy of time measurements in 
digital systems [1],[2],[4],[5]. This method is based on a precise measurement and evaluation of time data 
generated by passages of output voltage impulses of non-contact sensors through a comparator voltage 
level. The non-contact sensors are placed either uniformly or non-uniformly along the circumference of 
the turbine stator. By passing blades along the sensors, voltage impulses are generated at their outputs. 
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These impulses are amplified, shaped and digitalized in an electronic unit. Appropriate static and dynamic 
characteristics are calculated based on the time and frequency analysis in the control server of the system. 
The second procedure of data evaluation utilizes an impulse-amplitude (tip-clearance) method [2],[3],[11]. 
This approach is based on a measurement of maximal and minimal values of the sensor output impulses 
during a blade passage. Thus, information is provided not only on blade vibrations but also on the relative 
distance of blade edges from the stator (clearance) and orbits of the whole rotor assembly. Other 
supplementary characteristics such as axial displacements and axial vibration of the wheel can be observed 
using this method. 
Non-contact sensors located on the turbine stator can be based on different principles, each of which bring 
both advantages and disadvantages and has its preferred application under certain circumstances. 
Magnetic sensors are discussed in detail in the following paragraphs. The different character of a signal 
response of the Hall effect (HE), magneto-resistive (MR) and induction(IND) sensors is outlined in Fig. 1. 
Doubling of the sensing elements is indicated in the bottom of the picture. One sensor is positioned at the 
leading edge and the second at the trailing edge of the blade tip. This provides information on untwisting 
of blades, which can occur as a result of their damage [12],[13]. Significant increase in accuracy of the 
system is provided by using the axial reference mark RMA at the root of the blades. Subtracting torsional 
vibrations of the disk and shaft, the calculation of the resulting blade motion can be corrected and refined. 
A block diagram of the measuring part of the BVMS system can be seen from Fig. 2. A rotating bladed 
wheel with a radius R has a circumferential velocity vo = ΩR, with Ω  representing angular velocity of the 
wheel. Vibration of blade B is characterized by a deflection function yB (t) and an appropriate velocity 
function vB (t). If we can correct vibrations of the disk and the shaft, the resulting composite motion can be 
described by a deflection function yΣ (t) and a velocity function vΣ (t). These values can be calculated 
either from a strain gauge telemetric or non-contact measurements. In the latter case, several non-contact 
sensors, which generate voltage pulses at each blade passage, are usually located along the circumference 
of the stator. 
 

 

Figure 2:  Measurement circuitry of the BVMS system. 

Time and magnitude of these pulses are functions of a resulting blade displacement (magneto-resistive 
sensors) or a blade velocity (inductive sensors) and the temperature inside the stator. The output sensor 
pulses have to be amplified to a level of several Volts necessary for correct function of subsequent 
circuits. A comparator is used for the conversion of the amplified impulse signal U(t) to the digital signal 
of the TTL level. Using a high-frequency counter, time sequences of the zero level passages are 
determined. By processing time differences from the mean values, the characteristics of vibrations of 
separate blades are quantified. This approach is referred to as the tip-timing method. Another approach is 
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based on measurements of amplitudes of generated impulses in peaks detectors. Analogue maxima and 
minima of impulses are evaluated by the impulse-amplitude, or also the tip-clearance method. 
The BVMS system is designed as a modular one. The calculations and display of their results are provided 
by the system server, which is connected via a USB interface with modules of microcontrollers. Each 
microcontroller equipped with 3 microprocessors is responsible for transmission of data acquired by 
precise time measurements in 12 channels, A/D conversions of the 8 maxima and 8 minima detectors and 
4 high-speed (100kHz) independent A/D converters. Data of these analogue channels are stored together 
with the digital time readouts of the tip-timing and the analogue tip-clearance readouts which give to a 
user quite a unique possibility which is not provided by former systems. That is, to measure and evaluate 
blade vibrations simultaneously with other operational turbine quantities and from the correlations suggest 
an immediate link to the causes of blade vibrations. Up to 4 microcontrollers can be connected to one 
system server, each via its own USB input. The limitation is not in the number of channels, but in the data 
processing speed of the system. 
The software of the BVMS system is designed for an on-line presentation of all calculations. At the same 
time the opportunity to display all past outputs from the archive database is given. The source data is 
stored only in a special user mode. By default, the results of calculations are stored firstly in the current 
on-line database on a fast SSD drive, then after a preset time the data are moved to the archive database 
(2TBHDD), from where they can be exported and, if necessary, converted into a binary or Matlab format. 

3 Non-contact sensors of blade vibrations and displacements 

Further improvement of the vibrodiagnostic system can be accomplished by using sensors based on a 
appropriate principal. Sensing the motion of rotating and vibrating blades in turbomachinery is a relatively 
demanding task. The sensors have to operate properly and precisely in a harsh environment characterized 
by temperatures up to 250°C and relative humidity of 100%. The sensors are flown around by wet steam 
with water droplets moving with supersonic velocity. Concurrently, long-term stability, high accuracy and 
sensitivity of the sensors are required. Formerly, telemetric systems with strain gauges were often used in 
systems for blade strain measurements. Low resistance of the elements of these systems to the erosive 
impact of the steam does not allow their use for long-term measurements in monitoring systems. Also, 
another disadvantage of these systems can be seen in the complexity of their transfer units, whether it is a 
ring or telemetry transmission. 
Most present systems are therefore focused on the application of non-contact methods which can operate 
on a variety of principles. Operationally functional samples of displacement sensors have been designed, 
manufactured and tested in the lab of the ITAS using calculations based on capacitance, induction, 
inductance, magneto-resistance and Hall effect principles. Generally speaking, these sensors utilize an 
interaction between a rotating blade and an electromagnetic field that is usually directly generated by the 
sensor. Optical sensors, that are very problematically applicable in a wet steam environment with water 
droplets causing light beam dissipation, were not investigated in the ITAS. The sensors have been studied 
with respect to the operational environment and geometrical and physical conditions in real turbines. The 
sensors were compared in terms of parameters, accuracy, advantages and disadvantages. 
Most diagnostic systems prefer the tip-timing method, characterized by a direct measurement of time 
instants of blade passages along the stator sensors. Time measurements are simple, accurate and the 
sensors do not need any calibration. However, extending the system functionalities by analogue 
measurements of impulse parameters of the generated sensor signals contributes significantly to the blade 
state assessment [2],[11],[12],[13]. The main quantities for such evaluation are the maxima and minima of 
voltage pulses of the stator sensors. For this purpose, new accurate sensor types have been developed in 
the ITAS and first laboratory and operational tests have been carried out. In addition, here we will 
consider properties of the magnetoelectric sensors, i.e. eddy current, induction (IND), magneto-resistive 
(MR) and Hall effect (HE) sensors. 
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4 Magnetoelectric sensors 

4.1 Eddy current (EC) sensors 

Eddy current sensors were the first non-contact sensors developed and dealt with in the ITAS in early 
1990's. A high-frequency (HF) electromagnetic field is emitted by a coil of the eddy-current sensor. The 
spatial penetration of a blade tip into the HF electromagnetic field induces eddy currents in the blade tip. 
The consequence of a change in eddy-current density is a change of the impedance of the sensor coil. The 
output voltage of the sensor is proportional to the intersection area of the blade tip and the HF field and to 
the displacement of the blade y(t) moving with the velocity vo = Ω R (see Fig. 2). 
 

 
Figure 3:  Output voltage US(t) of an EC sensor generated by penetrating a blade tip area SB(t)  into the 

area SS of the sensor HF field. 

Twin-coil arrangement with differential connection, which effectively suppresses electromagnetic 
disturbances, was used to increase the accuracy of the EC sensor. The sensors were designed as a screw 
M20 and as a cylinder at an outer diameter 34 or 40 mm with a flange. The developed EC sensors enabled 
measurements of blade displacements y∈ <0;20> mm from the radial distance z∈<0;10> mm. Both 
solutions have excellent sensitivity given by a calibration function. For example, the sensitivity of the 
sensor is 1V/mm for the distance z = 5 mm and it is invariable for the range of circumferential velocities 
from 0 up to 650 m/s. Their significant advantage is that they do not demand blades to be made of a 
ferromagnetic material. 
These EC sensors were deployed in turbines TG21 and TG23 at the power plant Prunerov II. The sensors 
operated reliably at temperatures of up to 125 °C and 100% humidity. The sensitivity of the sensors 
decreased after several months service and finally the protective ceramic plate was destroyed. Therefore, it 
was necessary to proceed with further research of other sensor principles even at the cost of lower 
accuracy. 

4.2 Induction (IND) sensors 

Induction sensors of in-house construction have been used in the ITAS since 2003. Induction sensors 
consist of an open magnetic circuit formed by a permanent magnet or ferrite and a system of coils. A blade 
tip passing through the sensor magnetic field lines at a circumferential velocity vo = ΩR induces a voltage 
in the measuring coil (see Fig. 4.). According to the Faraday law, the magnitude of the induced voltage 
UIND on a coil moving in the variable magnetic field is 
 

tlBvld)Bxv(U

c

IND Ω== ∫ sin
rrr

    (1) 
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B is the course of magnetic induction during the passage of a blade edge along the sensor, l is the function 
of the active length of the coil winding with a total number of turns N, Ω is the angular frequency of 
rotation, R is the radius of the wheel to the blade tips, β  is the angle of the blade to the plane of rotation. 

 

 
 

Figure 4:  Passage of a blade edge along an induction sensor. 

Supposing that the blade simply rotates with a constant speed rpm, an impulse voltage is generated at the 
output of the sensor coil with the frequency 

60
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n

d

v
f B

B

o
B == ,      (2) 

dB is the circumferential distance of adjacent blades, nB is the total number of blades of the wheel. Time 
course of the generated voltage can be approximated by a harmonic signal with constant amplitude. If the 
rotating blade vibrates in a plane that forms an angle ψ  with the plane perpendicular to the plane of 
rotation, the resulting speed v determining the output sensor voltage can be expressed as 

)-sin(sinsin B ψβωβ tvvv Bo ++++====      (3) 

vo is the circumferential blade speed, vB is the velocity of blade vibration; ψ  the angle defining the plane 
of blade vibration. The voltage induced in the coil is nonzero only during the movement of a blade in the 
magnetic field of the sensor. The pulse width of the output sensor voltage is defined by the time to of a 
blade edge presence in the angular sector ϕ 

ϕ
β

=
Ω sin

O
t .      (4) 

When the blade vibrates, the amplitude of the induced voltage is not constant due to an amplitude and 
phase modulation. The maximum of the induction Bmax occurs in the instant when the blade edge is located 
in the axis of the sensor. The course of the output sensor voltage during a passage of a blade along the 
IND sensor can be expressed from (1) and (3) as 

))-sin(sinsin ψβωβ tvv(dNBU BBomaxIND += ,  (5) 

d is the diameter of the coil. 
The structure of a sensor with two coils in differential connection brings the advantage of symmetrical 
voltage course, as is shown in Fig. 5, and directional sensitivity of the sensor. 
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Figure 5: Symmetrical structure of the induction sensor with two coils and the course of the output voltage 

signal. 

The prototype of the induction sensor developed in the ITAS on the basis of previous theoretical analysis 
has been verified on the model turbine wheel. Measurements proved there to be a sufficient accuracy of 
the sensor as follows from the comparison with the magneto-resistive type in the chapter 4.3. The 
advantage of the induction principle of non-contact sensors is a simple construction. The sensor is passive 
and does not need any supply current. Using appropriate casing and material of the magnet (e.g. Alnico), 
high temperature (up to 450°C) and effective environmental resistance can be achieved. A larger active 
area of induction sensors decreases sensor frequency band to approx. 30 kHz. A disadvantage of induction 
sensors is the necessity of complex dynamical calibration under rotation. The amplitude of the sensor 
output voltage is almost proportional to the blade speed and concurrently to the induction generated by the 
alternating magnetic field. Temperature dependence of the sensor has to be taken into account during the 
calibration. 

4.3 Magneto-resistive (MR) sensors 

Highly sensitive magneto-resistive sensors utilize the phenomenon of anisotropic magneto-resistance of 
thin permalloy layers that change the electric specific resistance of the material by a varying magnetic 
flux. It is assumed that the pure magnetic domain rotation occurs without a shift in the direction of 
magnetization, which explains constant sensitivity of the active magneto-resistive elements up to the 
frequency of 5 MHz. A Wheatstone bridge circuit can be assembled from two pairs of complementary 
orientated elements. This symmetrical arrangement features high sensitivity, partial compensation of the 
temperature dependence and a distinguished common mode rejection. 
Currently, magneto-resistive chips are available that withstand temperatures of up to 300°C (Honeywell). 
Chips by Philips (150°C) with a reduced supply current (1 mA) can be used for operational temperatures 
up to 200°C with a stabilising magnetic field formed by permanent magnets positioned in the direction z 
(see Fig. 6). This figure shows the principle of a magneto-resistive sensor. The magnetic field defined by 
the intensity vector 

B
H  is modified by passing a blade along the sensor with the result of a change in 

resistance of the sensor bridge elements. 
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By supplying the sensor bridge from a source of constant current, the supply diagonal voltage is 
proportional to the internal temperature of the sensor and the output voltage of the bridge UMR can be 
expressed as 

αsinBSStSSMR HUcHUcU == ,    (6) 

where cS is the sensitivity of the sensor [m/A]; US is the supply diagonal voltage [V] and Ht [A/m] is the 
tangential component (in the direction y) of the total magnetic field intensity HB [A/m] during the passage 
of a blade along the active element of the sensor.   
 

 

 

Figure 6:  A blade edge passing MR sensor. 

In the vicinity of the point where the sensor and blade tip axes are overlapping, the function sinus can be 
expressed and simplified as 

B)(BByB

B

z

Rt

Rtz

Rt

z

y Ω≅
Ω

Ω==
++ 2222

sinα .    (7) 

When the blade vibrates, the shift in the direction y is modulated by a function y(t). Supposing the function 
of the circumferential vibrational displacement is harmonic, we can write 

))(cos( oo

B

BSS
MR tyRt

z

HUc
U ϕω ++Ω≅ .    (8) 

The course of the function (8) is more complex for greater distances between a blade and the sensor as the 
intensity HB of the magnetic field is not a constant but decreases with the distance. Magneto-resistive 
sensors feature high directional sensitivity and low noise. The output signal of the MR sensor is 
independent to the velocity of a blade passage. That implies a very significant attribute of these sensors – 
they can be tested and calibrated statically. 

4.4 Hall effect (HE) sensors 

The HE sensor consists of a permanent magnet producing a magnetic field and a Hall effect 
semiconductor element measuring changes in magnetic induction and thus the position of a near 
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ferromagnetic object, e.g. of a turbine blade. Charged particles in the semiconductor are deflected by the 
Lorentz force and a voltage is generated on the electrodes of the element 

nHEHES BIKU = ,     (9) 

KHE is the Hall constant depending on the thickness of the semiconductor chip, I [mA] is an auxiliary 
current, Bn [T] is a normal component of magnetic induction. Depending on the thickness of the material, 
sensors operate in wide range of temperatures and frequencies. The main advantage of the HE sensors is 
that they do not contain ferromagnetic components. Thanks to that they can be used for measurements in 
the close vicinity of ferromagnetic materials. The disadvantages are temperature dependence and drift, 
offset and mainly noise, typically 0,13 mT/ Hz . 
 

 
 

Figure 7:  Types of HE sensor arrangement. 

When designing an HE sensor, it is necessary to correctly determine the relative position of the magnet 
and the active element axes with respect to the direction of the blade movement (see Fig. 7). Proper 
orientation of the active element of the HE sensor gives symmetrical course of the output sensor voltage as 
follows from the graphs of induction Bn (type 2 in Fig. 7). The peak-to-peak output voltage value gives the 
information about the blade position. Combining more active elements in one casing, three-dimensional 
measurements of blade displacement can be achieved. A sensor with four active elements has been 
constructed for tip-clearance measurements. The averaging of maximal values is utilised to eliminate false 
readout components caused by axial bladed wheel displacements. 

4.5 Comparison of the developed magnetoelectric sensors 

Sensors for non-contact measurements of blade vibrations in steam turbines are not commercially 
available. Therefore, design and manufacture of prototypes of sensors of different construction have been 
carried out in the ITAS, namely magneto-resistive (MR), Hall effect (HE) and induction (IND) sensors. 
The diameter of the casing provided with a flange is 20 mm, and a length of 35 mm. A magnetic field 
pick-up is fixed at the bottom of the cylinder above which permanent magnets of the anisotropic ferrite 
material Y35 D16x6 are located. Leads are made of twisted pairs of wires with Teflon insulation. 
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Figure 8:   Example of time courses of the output voltages of the MR (CH1), HE (CH2) and IND (CH3) 

sensors. 
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Figure 9:   Amplitudes of blade vibrations measured on the ITAS test wheel at 520 rpm by the MR and 

IND sensors and a strain gauge (SG). 

The sensors have been designed for operational conditions: radial distance of the blade edge 
∈< >1,10z [mm], maximal circumferential speed  650 [m/s], maximal permanent temperature 200°C, 

maximal short term (1 hour) temperature 250°C. The sensors are placed in the casing of non-magnetic 
stainless steel. 
The applicability of newly developed position sensors has been verified at first by measuring it on the 
laboratory test wheel of the diameter 0.9 m fitted with 60 prismatic blades. Then the sensors have been the 
deployed and verified in a long-term operation in the turbines 210 MW and 1000 MW at the power plant 
Prunerov II and the nuclear power plant Temelin, respectively. 
An example of time courses of the output voltages of the MR (CH1), HE (CH2) and IND (CH3) sensors 
recorded by the digital oscilloscope Yokogawa is presented in Fig. 8 for the speed of 520 rpm. Ch4 is the 
output of a reference phase mark giving 1 pulse per revolution. The MR sensor features the steepest slope 
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(raising edge). The signal of the HE sensor is noisy. The IND sensor gives at this relatively low speed 
results comparable with the MR type. 
Simultaneous measurements were carried out by a strain gauge (SG) and MR and IND sensors on a 
selected blade of the test wheel in the ITAS. The results of measurements are shown in Fig. 9. Blade 
vibrations at the natural frequency 148 Hz were excited by an electromagnetic system with measurement 
of the excitation force Fe [N]. 
 

type 
magnetic 
field 
quantity 

supply 
current 
[mA] 

output 
voltage [mV] / 
z = 5 [mm] 

frequency 
band 
[kHz] 

measured 
quantity 

MR Ht 1 
2 
 

<0;300> y 

HE Bn 3 0,8 <0;30> y, z 

IND ( ) rrr
vxB dl  - 

60 
(rpm=520) 

<0.01;50> v 

Table 1:  Parameters of the MR, HE and IND sensors. 

type advantages disadvantages 

MR 

high sensitivity, low noise, 
symmetrical bridge circuit, 

signal zero passage, 
measuring both static and 

dynamic components,  
ability of temperature 

measurement   

requires a stabilising magnetic field,  
maximum value of the magnetic field 

intensity is limited, 
internal magnetic field affects external 

magnetic field  
 

HE 

does not affect the external 
magnetic field, 

range limited by saturation, 
small size, 

measuring both static and 
dynamic components 

low sensitivity, 
higher noise, 

narrower frequency band 

IND 

no power required, 
 high sensitivity, low noise, 

high operational 
 temperature (450°C), 
the magnitude carries 

information about blade 
vibrations  

(AM-FM modulation) 

speed dependent output voltage, 
does not measure static components, 

larger dimensions, 
integrates over a larger area 

 

Table 2:  Comparison of the MR, HE and IND sensors. 

STRUCTURAL HEALTH MONITORING 3369



The measurement was carried out for the wheel speed of 520 rpm and evaluated on the BVMS system. 
The eigenfrequency of the test wheel prismatic blade is 148 Hz. The captured signal is strongly 
subsampled, which causes a large dispersion of results. More precise calibration would demand a higher 
speed and larger number of sensors along the perimeter of the wheel. Twenty percent decrease in the 
amplitude captured by the IND sensor is caused by a poorer sensor sensitivity due to a large area of 
sensing coils. On the other hand, the MR sensor, sensitive only to the tangential component of the 
magnetic field intensity in its miniature chip has a very good directional sensitivity. 
The next two tables summarize characteristics of MR, HE and IND types of magnetoeletric sensors. Tab. 
1 gives an overview of basic numerical characteristics of these sensors, whereas a comparison of 
advantages and disadvantages is done in Tab. 2.  
Resolution and accuracy of determination of circumferential components of blade deflections by the 
vibrodiagnostic system using the tip-timing method is given by the mutual relationship of time (∆t) and 
position (∆y) blade differences 

tRy ∆Ω∆ = ,      (10) 

R is the radius, Ω  the angular velocity of the rotating wheel. For example, for the circumferential velocity 
vo = Ω R = 500 [m/s] and the counter time base 100 [MHz] (∆t = 10-8 [s]) we obtain the value of 
circumferential resolution ∆y = 5 [µm]. When determining the accuracy of measurements, it should be 
always taken into account that the circumferential blade deflection is only a projection of a composed 
motion of the mechanical system of the rotor formed by the shaft, disk and blades. 
 

5 Conclusions 

After years of intense research and development, the contactless vibrodiagnostic methods have been 
improved in the ITAS, which resulted in the operational utilization of the non-contact systems VDS-UT at 
power stations in the Czech Republic. This system has been further improved and extended by new 
methods of non-contact sensing and data evaluation. The impulse-amplitude method has been introduced 
based on measurements of maximal and minimal values of the sensor output impulses during a blade 
passage. Thus information is provided not only on blade vibrations but also on the relative distance of 
blade edges from the stator (clearance) and orbits of the whole rotor assembly. Other supplementary 
characteristics such as axial displacements and axial vibration of the wheel can be observed using this 
method. The developed appliance involving new enhanced methods has been named the BVMS system. 
Comprehensive research of magnetoelectric sensors preceded to the deployment of the system in service. 
The BVMS system is orientated on magneto-electric sensors that have proven successful in all 
installations. The sensors are designed for a long-term temperature resistance of 200°C and a short-term 
temperature resistance of 250°C.  Using permanent magnets as the source of the magnetic field has 
simplified the sensor construction and increased its reliability. The most favourable properties of the group 
of magnetoelectric sensors have highlighted the magneto-resistive sensors, which are characterized by a 
high accuracy and sensitivity to a displacement, wide frequency bandwidth (0 to 300 kHz) and a very 
important feature, which is the independence of the sensor output voltage magnitude on the speed of a 
blade passage. The advantage of this feature is that the sensors can be calibrated statically, for example 
using a positioning facility. 
Induction sensors give a signal, the magnitude of which is proportional to the velocity of the blade 
movement. These sensors have an order of magnitude lower frequency range, a lower accuracy and a 
higher sensitivity to disturbances. As the output voltage of the induction sensors varies with the speed, a 
static calibration is not possible and the use of sensors at varying speed is limited. Eddy-current sensors 
may bring problems in connection with the HF power supply and associated induction heating, narrower 
dynamic range and weaker resistance against an aggressive hot vapour environment inside the turbine. 
Usage of HE sensors is limited due to a higher noise level.   
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