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Abstract
The article describes a class of diagnostics issues for rotating parts. An indirect method has been applied for
the structural health monitoring of critical machine parts, which is based on the detection of the angular position
of the rotating parts or defects and precise measurement of the time of their arrival, TOA. The variable reluctance
sensor or generator stator is the fixed part of the specific encoder. The subject matter has been illustrated by

means of examples.

INTRODUCTION

Rotating blades of fans, compressors and turbines, as well as
shafts, toothed gears and elements of roller bearings constitute
critical elements of the machine, in which accelerated fatigue wear
and an increased risk of critical degradation occur — Fig 1. For the
above mentioned elements, it is required to monitor their technical
condition in order to provide safe operation of machines.
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Fig. 1. Examples of damage to aero-engines [1]

The paper presents a systematic approach to the class of
issues “monitoring of rotating elements”, in which economic aspects
and optimisation of the measurement chain and data analysis algo-
rithms were taken into account. The discussed issue relates to the
rotating elements made of ferromagnetic and paramagnetic alloys.
A method of non-contact monitoring of the technical condition of
rotating elements (classes of the objects of different geometry,
rigidity and load spectrum) as well as many years of experience in
its operation in the field and repair conditions were presented.

The strength of the described diagnostic method includes [2]:

— asimple and cheap measurement chain;

— small volume of measurement data which encourages real-time
applications (on-line);

— the possibility of comprehensive diagnosing of the rotating
machine on the basis of three components of the instantaneous
angular velocity (trend, periodic signal, noise and interference)
and a dynamic model of the diagnosed object;

— identification of causal relationships: unknown processes and
technical condition — transducer transition function —

measurement signal — measurement data — diagnostic
symptoms — diagnosis, including the participation of a hu-
man factor (structural, repair and operation errors), which is
usually invisible in the NDT classic methods;

— the possibility of using the diagnosis to actively control the fa-
tigue process of critical elements on the basis of additional reli-
able knowledge describing the following relationships: diagno-
sis — spectrum of extortion — technical condition of the
machine’s critical elements.

1. MOTIVATION

The material fatigue degradation processes are determined by
the type of critical elements, their properties (geometric features and
modal properties, material and its heat and mechanical treatment)
and actual conditions of their operation. The great unknown, both
for the constructor, user, and inspector, includes:

— actual modal properties of critical elements changing during
operation;

— actual operating parameters, especially of occasional random
events and unusual dynamic loads, e.g. flutter or resonance of
the bearing embedded in the vibration damper;

— operation errors - the main operation error of differentiation of
the fatigue degradation process of a given element among vari-
ous users of the same type of machines;

— hidden structural, production and repair errors not detected by
the used control methods, e.g. incorrect values of modal charac-
teristics (too weak difference from resonant extortion), local
changes of the microstructure (inclusions, hardening/tempering)
or hidden micro- or macro-cracks.

The lack of reliable information about actual operation condi-
tions is the main cause, which limits the abilities of the classical non-
destructive methods (NDT) to assess the material current health.
The prediction of the technical condition based on the NDT results
requires support with the use of other test methods, e.g. replica
method, condition monitoring of operating parameters (CM), struc-
tural health monitoring (SHM), prognostic and health management
(PHM). Focusing only on the crack detection or monitoring and
analyzing only the operating parameters does not guarantee suc-
cess of prevention!

The information about the machine actual operation conditions
is provided, among others, by the machine vibration spectrum.
However, it is not a reliable diagnostic signal for rotating blades,
toothed gear teeth and roller bearings’ elements — the phase tags of
rotating elements. The machine vibration spectrum does not provide
information about the health and load of particular phase tags be-
fore the occurrence of an emergency situation. A reliable piece of

1212016 269

_/r_//:/



diagnostic information about the phase tags is provided only by the
direct measurement of time of their arrival, TOA, to a given angular
position, in which the sensor is fixed. The rotating element with rigid
or vibrating phase tags and a stationary sensor are an observer of
the technical condition not only of individual phase tags (rotating
blades, toothed gear teeth, roller bearing elements), but also other
elements and machine systems [2 - 4].

The speed monitor has numerous applications in many areas
of technology, whether it be for protection of people, machines or
manufactured products, to ensure that a plant operates at optimum
efficiency, or for speed-dependent switching of system functions in
a process. In these applications, temporary averaged rotational
speed, determined on the basis of time of the rigid phase tag rota-
tion by a multiple of the angle of 360 degrees, is recorded and
analysed. Such a method of measurement and data analysis hides
part of the diagnostic symptoms, e.g. rotor misalignment, vibrations,
scale errors of the phase tags. Diagnostics symptoms are masked
by aliasing [5, 6], as illustrated in the example of a single harmonic:
— the continuous signal in the time domain

y(t) = Asin(wt) (1)
— the discrete signal in the time domain (after A/D sampling with a
frequency f;, ws = 2rtfs; kis a discrete time, m is integer)

y(k)= Asin (a) kJ = Asin (Zmnwk] )
a)S a)S
The lost diagnostic symptoms included in the periodic compo-
nent and noise/interference of instantaneous rotational speed can
be efficiently used in non-destructive tests and the machine monitor-
ing systems without incurring additional costs, when:
— measurement chains, data analysis algorithms and diagnostic
criteria take into account TOA of some phase tags/rotation;
— phase tag can also include vibrating and rotating elements
(flexible phase tags), e.g. compressor or turbine blades.
The diagnostic information with atypical encoder, included in
new diagnostic symptoms, is determined by the type of the moni-
tored object and dominant degradation processes.

2. ROTATING COMPONENTS

The class of ,rotating elements” comprises:
— blades of fans, compressors and turbines,
— discs of fans, compressors and turbines,
— rotators of electric generators and engines,
— gear wheels,
— rolling bearings,
— shafts,
— driving and road wheels.

2.1. Rotor blades

Rotating blades of fans and compressors are elements, that
convert mechanical energy (torque and rotational speed) into work
of fluid compression (an increase of fluid enthalpy). Turbine blades
convert fluid energy (enthalpy of combustion gas, steam, wind or
water) into mechanical energy (torque and rotational speed).

The blades are constantly loaded with the quasi-static and dy-
namic forces and moments, as a result of which, their leaves are
subject to quasi-static deformation (deflection and twisting) and
vibrations at the frequency of a given mode. The blades have poor
damping [2, 7], therefore, they can dangerously vibrate also at the
frequency of strong extortion outside the modal frequency. During
broadband extortion, the blades vibrate at the same time on several
modes. Blades of steam and gas turbines operated in high tempera-
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tures are exposed to thermomechanical fatigue (local overheating,
creep) [8, 9].

Rotating blades are a broadband, mechanical modal filter, the
parameters and properties of which change during changing the
scope of the machine operation and the material degradation pro-
cess (cyclical strengthening, cyclical weakening, propagation of
cracking, creeping of turbine blade) [2, 7, 10] - Fig. 2.
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Fig. 2. Compressor blade as a state observer [2]: a) a combo filter
(R1 of engine TW3-117); b) symptoms of blade cracking during HCF
test (R1 of engine SO-3)

The rotating and vibrating blades are flexible phase tags. Under
the influence of load, the blade changes its leaf tip instantaneous
position in relation to its basis. This easily measurable signal TOA
and its amplitude, frequency and phase modulation (AM/FM/PM)
includes resultant information on [2, 11, 12]:

— current modal properties of the blade (its technical condition),

— the spectrum of mass and aerodynamic extortion,

— vibrations of apparent blades caused changes of the rotor in-
stantaneous angular velocity and alignment errors of the pali-
sade of blades on the shaft and the shaft in the mounted sup-
ports

— magneto-mechanical effects.

The characteristic feature of the palisade is uneven distribution
of blades in the circuit, with scale errors many times greater than in
case of the classic encoder plates. Scale errors are changed during
the change of rotor speed.

2.2. Discs

Discs of fans, compressors and turbines transfer mechanical
energy between the shaft an rotating blades. Discs of steam and
gas turbine scatter also the heat from the blades.

The disc is constantly loaded with the quasi-static and dynamic
forces and moments, as a result of which, their leaves are subject to
quasi-static deformation and vibrations at the frequency of a given
mode.

Fatigue cracking of discs and their failure in extreme cases
(Fig. 3.a), are mostly generated by:

— exceeding of acceptable operational parameters for fluid-flow
machines (rotational speed, temperature, vibration of rotors),




— resonance effects in grids of blades,
— hidden faults in design.

Monitoring of operational parameters for fluid-flow machines
and analyzing of levels and causes for operational exceeding are
basic preventive measures for discs [13].

Modal characteristics of discs alter under the influence of
cracking, which is useful in diagnostics [14]. When the disc crack is
located near the blade mounting seat (Fig. 3.b), modal characteris-
tics of the nearest blades are also changed.

Monitoring of rotating blade vibration by means of measure-
ment and analyses of the time — TOA also enables to diagnose
directly some fatigue problems for discs.

b)
Fig. 3. lllustrations: a) disc failure during destructive tests [15];
b) cracking of the blade mounting seat [16]

2.3. Toothed gears

The gearbox is a mechanical device capable of transferring
torque load from a primary mover (i.e. electric motor, gas, diesel or
steam engine) to a rotary output (i.e. compressor, conveyors, mills,
paper machines, elevators, screws, agitators), typically with a differ-
ent relation of angular velocity and torque.

There are two main types of gearboxes, parallel shaft gearbox-
es and planetary gearboxes. Parallel shaft gearboxes are a collec-
tion of simple gear stages. Each gear stage is composed of two
shafts, a gear, and a pinion. The planetary box is more complicated
than the parallel shaft, because it is composed of three moving
components per stage. These components include the planet gear,
the planet carrier, and the sun pinion. The ring gear is also part of
the planetary box however it is fixed to the gearbox housing [17].

The fundamental law of gearing states that the angular velocity
ratio between the gears of a gear set must remain constant through
the mesh. The velocity ratio mv can be expressed by equation (3)
with the angular velocity input @n and the angular velocity output
anut .Parameter mv describes also the relation between the input
torque Tin and the output torque Tout.. It is assumed that the shafts
have no inertial properties and so only their stiffness is considered,
and mechanical efficiency is near 1.0.

mv—%~h 3
w, T @)

out

In the case of dynamics analysis, a more-complex relation must
be utilized [18, 19]. An important parameter that must be considered
are:
— the inertia of the primary mover, J1
— the inertia of load device, J2
— the stiffness of shafts in gearbox, k1 and k2
— the gear ratio, n/1.

When the system is compounded the shafts are represented by
a single shaft, and a new effective stiffness is calculated by scaling
the original values of stiffness with the square of the gear ratio. In
the same manner, the inertial behaviour of the system also is ad-
justed by scaling it with the square of the gear ratio. The reduced

n

stiffness can be calculated by combining stiffness with the following
expression.

_ n2k1k2 (4)
eq 2
k, +n°k,
Every grade of the toothed gear is exposed to resonance vibra-
tion being present in the narrow range of rotational speed - Fig. 4.

Also clearances and faults in meshing have an influence on reso-
nance parameters.
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Fig. 4. The time waveform and time-frequency spectrum (Morlet
wavelet analysis) of vibration for gearbox of RR 250-C20R/2(SP)
engine during its starting

The strong load and deflection of teeth occurs only in their
gearing zone with the cooperating gear wheel, in the area that is
directly difficult to be accessed by the inspector during the gear
operation. The indirect symptom of gearing quality includes vibra-
tions and disturbances of the instantaneous angular velocity. In
case of the remained scope of the rotational movement, there are
teeth in the area of weak centrifugal forces, which do not cause
measurable deformation of teeth.

In this scope of rotational movement, teeth are quasi-rigid
phase tags of a small scale error comparable to the errors of mag-
netic and optical encoders. TOA modulation, recorded by the induc-
tive sensor, results from the effect of [2, 4, 17, 20-22]:

— rigidity of meshing teeth and circumferential backlashes,

— tooth chipping,

— stress magnetisation changes of teeth (only for ferromagnetic
materials and metastable paramagnetic alloys),

— microstructure changes (surface hardening, plastic deformation)

— errors of the shaft alignment and mounting the gear on the
shaft,

— damage to roller bearings,

— instantaneous angular velocity changes, gearbox resonant
vibration.
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2.4. Rolling bearings

Bearings are devices that allow constrained motion, generally
rotational motion. Over time, these devices have evolved to a varie-
ty of configurations that are dependent upon their application. The
most common bearing used in all industries and aviation is the
rolling element bearing. These bearings are chosen due to their low
friction and high load capacity.

Bearing fatigue life is determined by a variety of factors includ-
ing material properties, lubricant properties, speed, load, type, size
and number of a rolling element. The actual mode of bearing failure
(fatigue, wear, plastic deformation, corrosion, lubrication, faulty
installation, incorrect design), which occurs at any particular rotating
machine, can have a major influence on the resulting vibration
which is measured externally. Fatigue life prediction theories were
originally developed in the 1940's. [23].

The theoretical frequencies of the monitored bearing are identi-
fied in the machine vibration spectrum on the basis of kinematic
properties of the “healthy” bearing and the assumption about ideal
conditions of its operation (lack of slippage). The frequencies of the
bearing rotating elements are determined on the basis of kinematic
relationships (spin speed) and deformation of the immobile track -
Fig. 5. The parameters that modulate the time TOA and can be
precisely measured by inductive sensor [2].
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Fig. 5. Rolling element defect signal detected by REBAM probe at
720 rom with 1379 kPa load, after removing iorsrx and 2iorspx
components along with corresponding defect contact locations near

the probe [24]

2.5. DC and AC generators

Generators are devices that transform mechanical energy into
electrical energy. There are two types of generators, one is direct
current generator (DC) and other is alternating current generator
(AC). Whatever may be the type of generators, it always converts
rotational speed and torque to electrical power based on same
fundamental principle of Faraday’s laws of electromagnetic induc-
tion, which are described by relation (5)
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emf (t):_dgz_dgdi:_Mw (5)
dt da dt da

Emf is the dynamic inducted electromotive force, A is the cross
section area, B is the magnetic induction, @ is the magnetic flux.
This emf causes a current to flow if the conductor circuit is closed.
The main difference between a DC generator and AC generator lies
in the manner in which the rotating coil is connected to the external
circuit containing the load. As a result, shape of emf{t) is different
for DC and AC generator — Fig. 6.
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Fig. 6. Theoretical voltage signals for [25]: a) DC generators;
b) AC double-phase generators

The behavior of the generator is mimicked by using an angular
velocity-to-torque relationship. For simulations of normal operation,
the relationship can be represented by a simple linear relation (5). In
the case of intricate events — such as starting and braking events
— a more-complex relation must be utilized [25]. Important parame-
ters that must be considered are:

— the inertia of the generator

— winding configuration

— type of armature core,

— magnetic field system (number of pole and pole-pitch, commuta-
tor pitch).

AC and DC generators are atypical encoders, which can be
used to monitor the kinematic system of a machine. Generators
have guasi-rigid phase tags of a small scale error comparable to the
errors of classic encoders. Scale errors are not constant and alter
under the influence of:

— changes in generator loading;



— changes in generator health (e.g. bearings, rotor alignment,
magnetic field asymmetry caused by e.g. overheating, commu-
tator sparking level.

2.6. Shafts and wheels

Shafts are machine elements, that transfer torque between two
rotating elements or components. Shafts can be also loaded by
bending moments. [18, 26].

Driving and road wheels are the most important parts of
wheeled vehicles (locomotives, carriages, trams), that in coopera-
tion with rails enable translational motion of wheeled vehicles.
Wheels are exposed to a negative influence of Hertz stresses,
sliding friction and local overheating [27].

Clearances of wheel ring or shaft, ring and one-block road
wheel cracking threaten safety of traffic. Therefore, periodical
checks of their health are required. Above mentioned faults result in
discontinuity of material magnetic and electromagnetic properties
(anomalies) - Fig. 7, which is used in non-destructive testing (NDT).
An appearance of a local anomaly can be also useful as a diagnos-
tic signal in structural health monitoring (SHM) systems, that are
based on measurements of TOA time or electromagnetic imped-
ance [28, 29].
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Fig. 7. Magnetic field anomalies registered by means of the 3D
magnetometer from the distance of about 5 cm from a cracked shaft
of a lift machine [30].

3. MEASURING METHODS

The instantaneous speed of the rotor and TOA of phase tags
can be measured by frequency (by counting clock pulses between
impulses generated by rotating phase tags).

3.1, The tip timing method

The time measurement of the rotating and vibrating phase tags
is implemented in the diagnostic systems based on the tip timing
method (TTM) — Fig. 8. The TTM is based on the definition of angu-
lar velocity, precise measurement and analysis of the TOA each
phase tag, without the requirement of its rigidity and accuracy of the
angular position on the circuit. The conditions required in standard
rotational speed measurement chains with the use of encoders.

In order to observe the phase tags, inductive sensor with a
known frequency response (time constant and phase delay) can be
used. Its working principle is described by the equation (5). Depend-
ing on the required TOA measurement resolution, resulting from the
limit amplitude of the phase tag vibrations and maximum rotational
speed, the clock frequency of 10 - 250 MHz is used.
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Fig. 8. The idea and block diagram of the TTM method with single
variable reluctance sensor and time resolution of counter logic up to
4ns[2]

The measured time TOAm includes three variables, which rep-
resent the monitored object (a dominant component of a signal),
noise and interferences in the measuring section and the resultant

jitter of oscillators.
_1+4, (k)

TOA, (k) = WTOAW (k) (6)

Jitter Ce is a resultant effect of real and apparent changes in the
position of the phase tags, including the applied sensor and the
tested object type.

Jitter Co reflects the effect of disorders of the rotating element
instantaneous angular velocity (errors of assembly and the impact of
control signals).

The time TOAay is average instantaneous angular velocity of
the ideal rigid inertial element (without errors of alignment, oscilla-
tion and interference impact), whose dynamics of changes (time
constant) between successive positions of the phase tags results
from:

— the value of the moment of inertia of the kinematic layout rotat-
ing elements brought to the axis of rotation of the phase tags;

— amplitude of the control signal or disorders, e.g. the torque
difference of the compressor and turbine in the aircraft engine,
or fluctuation of the frictional moment in the bearing.

Signal TOAm is subject to decomposition into components, in-
cluding individual channels of the phase tags after prior transfor-
mation of equation (6) to the additive form (7)

TOA, (k)= A(k)+P(k)+1(k) (7)
where A(k) is aperiodic part (trend), P(k) is oscillating part, I(k) is
noise/weak oscillating component. Assignment of TOAm(k) signal
components to P(k) or (k) is taken into consideration in the formula
(8) describing Taylor-series expansion and a real resolution of a
measurement section. For the clock frequency fuock < 250 MHz
Taylor series expansion can be limited to m = 4 [31].

1 n i
%:gci(gfu) (8)

Next the TOAm signal components are identified, analysed and
classified by numerical methods [2, 11, 12, 32].
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3.2. FAM-C and FDM-A methods

Measurements of an instantaneous frequency of voltage sig-
nals from AC or DC generators (a specific encoder with quasi-
constant phase markers) are applied in AFIT to diagnose kinematic
and power transmission systems in different machines. Depending
on the used rotational speed signal source, the method is marked
as FAM and FDM (F..M - frequency modulation of; A — alternating
current generator, D — direct current generator) [4].

A measured quantity is TOA time, that is determined between
subsequent exceeding of AC or DC generator voltage signals
through the reference level (zero for AC generator or Use(w) for DC
generator). Measurements are made:

— in stationary states of machine rotational speed,
— for loaded generators (a minimum influence of complex state
observer health on diagnostic symptoms).

Input system comprises optoinsulation, that protects counter
section from destruction. Depending on the required TOA meas-
urement resolution, the clock frequency of 1 - 33 MHz is used.

The measured TOA signal is described by means of the equa-
tion (6), and TOA signal in the TTM method likewise. For the en-
coder with quasi-rigid phase tags the dominant component of TOA
fluctuation is rotary jitter Ce. Therefore, the measurement data
analyses is based on instantaneous frequency of signals (9) and
their FM/PM demodulation. A principle of fm signal demodulation is

illustrated in Fig. 9. ( )
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Fig. 9. A signal from AC one-phase generator and FM/PM demodu-
lation method of TOA signal [20]

The frequency of any AC generator in hertz (Hz), which is the
number of cycles per second, is related to the number of poles and
the speed of rotation, as expressed by the equation (10)
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f 10
Ac = 120 o0 P (10)

where p is the number of poles, n is the speed of rotation in revolu-

tions per minute (rpm), and 120 is a constant to allow for the con-

version of minutes to seconds and from poles to pairs of poles [20].
An average frequency for DC generator is zero. In the voltage

signal of DC generator are weak periodical components, that repre-

sent characteristics of the generator and the diagnosed object (dis-

turbances in the instantaneous rotary speed). Diagnostic symptoms

are generated by [4, 20, 25]:
groove pulsation (an influence of changes in reluctance, gener-
ated by rotary motion of a toothed rotor),

— pole pulsation (modulation of a signal amplitude by stator poles
and changes in reluctance between rotors and stators),

— commutator pulsation (an influence of cooperation between
brushes and commutators, sparking under brushes and genera-
tor loading with reference to the neutral axis location).

4. RESULTS

Possibilities of non-contact diagnosing for rotary objects by
means of TOA signal are presented on examples selected from
different machine operation.

4.1. Monitoring of compressor blades

The TTM method has been used in the Polish Armed Forces to
diagnose the compressor rotating blades of the SO-3 type engines
since 1993 (SNDL-1b/SPL-2b diagnostic system). Since 1997, this
method has been also used in the repair workshop (CTM-PER/SPL-
2b diagnostic system) [2, 33]. The time measurement resolution of
both diagnostic systems is 100 ns. The monitored 1st stage blades
of the axial compressor have an uncorrected structural error — too
weak frequency difference of the 1st mode from the resonant extor-
tion in take-off and maximum continuous range of the engine speed.

The whole information included in TOA is currently used to
comprehensively diagnose the SO-3 type engines and control the
material fatigue process — Fig. 10. For more than 20 years of opera-
tion, very high effectiveness of the TTM method has been demon-
strated in diagnosing both technical problems (excessive vibrations
and cracking of blades, the impact of regulation quality on the vibra-
tion spectrum of blades and the rotor), and human errors (produc-
tion, repair, and operation), including: the possibility of the engine
comprehensive monitoring, technical condition monitoring, and
cracking of blades, as well as active controlling of the material fa-
tigue process [2, 31].

4.2. Monitoring of gas turbine blades

The TOA time measurement was applied to monitor rotating
blades of the gas turbines. Therefore, in the Air Force Institute of
Technology, a high-temperature inductive sensor (to 1.400 K) was
developed, and a multi-channel measurement chain (on-board
computer) with a time resolution of 5 ns was tested on the SO-3 and
RD-33 type aircraft engines [31, 34].

4.3. Monitoring of steam turbine blades

In order to monitor the rotating blades of the steam turbine’s
low-pressure part, modernised high-temperature inductive sensors
and the multi-channel measurement chain with a resolution of 10 ns
were used. The measurement of vibrations of rotating blades from a
distance of 10 mm has been implemented for more than 3 years on
the 370 MW turbine [31, 34] - Fig. 11.
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Fig 10. lllustrated [31]: a) comprehensive SHM of the aero-engine
using a single variable reluctance sensor and TTM (compressor
blades are phase tags, ¢s = {g); b) non-contact detection of cracked
blades during engine operation
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4.4,  Monitoring of kinematic layout

In order to monitor the kinematic layout of the rotating machine,
a multipolar inductive sensor — DC or AC generator, included in the
machine, was applied. Such an observer of the condition has been
used in Poland for more than 20 years, among others, to diagnose
the MiG-29 aircraft main gear, to bear the SO-3 type engine and the
kinematic layout of Mi-24 helicopters [4]. Signal from AC and DC
generators are also used to monitor other machines, i.e. drive sys-
tems in sea ferries - Fig. 12.
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Fig. 12. Application of FAM-C method in diagnosing of drive sys-
tems in sea ferries| |: a) the model of the drive system; b) fluctuation
of AC generator frequency generated by the sea state and changes
in torque of marine screw propeller (loads)

CONCLUSION

For over 20 years of operation of the TOA measurement and
inductive sensors (variable reluctance, AC and DC generator), the
following elements have been demonstrated:

— very high efficiency of the non-contact diagnostics of rotating
elements (among others, excessive vibration and cracking of
blades, the impact of regulation quality on the vibration spec-
trum of blades and the rotor, alignment errors), and human er-
rors (production, repair, and operation) affecting the durability
and reliability of rotating elements;

— the possibility of comprehensive monitoring of the rotating ma-
chine and active controlling of the material fatigue process. For
the compressor blades of the SO-3 type engines, the statistical
average time between cracks was extended by more than
1500%.
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BEZDOTYKOWE MONITOROWANIE
STANU TECHNICZNEGO
WIRUJACYCH ELEMENTOW

Streszczenie

Artykut opisuje klase zagadnien diagnostycznych
dotyczgcych wirujgcych elementéw. Do monitorowania
ich stanu technicznego zastosowano posrednig metode,
bazujgcq na detekcji potozenia kqtowego wirujgcych
elementow lub defektéw i precyzyjnym czasie pomiaru
ich przybycia, TOA. Czujnik reluktancyjny lub stator
pradnicy sq sktadowg specyficznego enkodera. Oma-
wiang tematyke zobrazowano przykfadami.
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