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Abstract 

The paper presents fundamentals of a new method for monitoring of technical condition demonstrated by blades 
of rotor machines during operation thereof.  

The method involves the diagnostic model expressed as a quotient of the amplitude amplification for the 
diagnostic signal y(t) that results from the blade impact and the signal x(t) produced by the blade surrounding when 
the blade tip approaches the sensor, divided by the amplitude amplification of these signals when the blade tip has 
already passed the sensor position and moves away.  

The adopted diagnostic model takes account for current surrounding of the blade x(t) with no need of 
measurements of its parameters [12, 14]. Thus, the model is sensitive to alterations of the technical condition 
demonstrated by the blade but very little vulnerable to variations in the blade surroundings. Consequently, the 
proposed method may be able to play an important role for diagnostics of rotor blades during operation thereof.  

The presented method applicable to monitoring of changes in technical condition of a blade is an innovative 
approach to carry out diagnostic of the blade in its natural environment with no need to measure signals from that 
environment.  
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1. Introduction 
 

Monitoring (on-line assessment) of technical condition demonstrated by crucial components of 
rotor machinery, such as bearings and blades, is an essential problem associated with operation 
(use) of such equipment. Practical experience shows that ripping off only a single blade 
(of a several dozen or even several hundred ones) nearly always leads to a very serious breakdown 
(and consequently, very expensive) breakdown of the entire rotary machine (an axial compressor, 
a turbine). It is why methods for on-line monitoring of technical condition demonstrated by rotor 
blades during regular operation of the equipment is the issue of constantly growing interest.  

Currently, a number of various methods for monitoring of technical condition demonstrated by 
rotor blades are in use. These methods is based on so called ‘contactless’ measurements of values 
for temporary displacements of a blade tip at moments when it passes the zone just below the 
measuring sensor. A huge number of ‘contactless’ measuring methods have already been 
developed (with dedicated computer software) that can be used to record and process signals 
acquired from working blades during operation of a rotor machine. These include commonly 
known and used measuring systems offered by such companies as Hood, Agilis, Prat&Whithey 
(USA), Rolls Royce (UK), ABB Turbocharges (Swiss), MTU (Germany), AFIT (Poland) and also 
other suppliers from Russia, China and India [1, 3-11, 16, 18-20]. 

The already existing methods for monitoring of rotor blade technical condition base 
exclusively on processing of measurement signals acquired from working blades without sufficient 
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account for varying environment of measurements. This probably results from the fact that 
measurements of fast changing environment of blades (with such variables as temperature, 
pressure, centrifugal forces, bending and twisting moments, clamping forces that fix the blade in 
its holder) are extremely difficult or even unfeasible. Therefore one can state that all these methods 
fail to fully adhere the major rule of the diagnostic technology that imposes the need to examine 
and analyze technical condition of the investigated facilities with due consideration to the effect of 
their environment and, consequently, all these methods are not enough accurate. It is why the need 
to develop a new method to monitor technical condition of a blade during its operation with 
account to its environment but with no need to measure signals from its environment as they are 
frequently unavailable or immeasurable appeared.  

 
2. Operation of a blade in a variable environment  
 

The blade that is operated in a variable environment is shown in Fig. 1.  
 

 
Fig. 1. The blade of a rotor machine in a variable environment: Fo – centrifugal force; Fz – camping force of the lock; 

n – rotation speed; Pz – aerodynamic lift of the blade; Px- resisting force; Ms- twisting moment; Mg – bending 
moment; p1- gas pressure at the inlet of the rotor rim; p2 - gas pressure at the outlet of the rotor rim; Yg – blade 
deflection; Ys – torsion angle of the blade; Yw- longitudinal displacement of the blade; f- signal of various 
vibration forms (bending, twisting, longitudinal) 

 
Fig. 1 exhibits that the blade is a rather simple technical item in terms of its design but its 

operation represents a sophisticated system placed in a multidimensional variable environment. 
Current status of the blade operation is defined by the measurable signal y(t) of the blade tip 
displacement that is the resulting function of the signals (Yg, Yw, Ys f) whilst the blade environment 
is determined by the multidimensional signal x(t) that is, in turn, the result of combined effect 
exerted by the signals (n, F0, Pz, Px, p1, p2, Fz, f). Technical condition of the blade A( ) results 
from mutual relationship between the signals y(t) and x(t) at the current moment 1 of the 
diagnostic time interval and the moment 0 at the beginning of this time interval. Hence, the 
following equation is true [13,15]:  

 , (1) 0 0 1 1( ) ( ( ) , ( ) , ( ) , ( ) , )A f y t x t y t x tQ Q Q QQ = Q

where:  

( )A Q   - matrix of parameters that define technical condition of the blade,  
t - time in terms of the Newton’s definition (for diagnostic examinations),  

 - time in terms of the Bergson’s definition (for diagnostic inference). 
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Parameters of the technical condition A(Q) as well as signals y(t) and x(t) occur in the status 
equation:  

 
( ) ( ) ( ) ( ) ( )dy t

A y t B x t
dt ,

 
(2) 

where:  
B(Q) - coefficients that define how intensely the environment affects the blade.  

The coefficients that reflect technical condition of the blade and effect of the environment 
occur also in the transmittance equation:  
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as well as in the function that suits for calculation of the square for the amplitude amplification 
W2 of the y(t) signal related to the environment signal x(t): 
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(4) 

where:  
G(j ) - spectral transmittance, 
(j ) - imaginary part of the complex variable S, 
Syy, Sxx - functions for spectral density of signals y(t) and x(t).  

The mathematic expressions (2), (3), (4) may serve as diagnostic models for the examined 
object as they express mutual relationships between the signals y(t) for the object operation and the 
environment signal x(t) on one side and technical parameters of the examined facility A(Q) on the 
other side.  

The model (4) becomes the matter of particular importance as it enables to get rid (by means of 
special measures that are to be undertaken during examination and diagnostic inference) of 
environmental signals x(t) expressed by the power signals Sxx and eliminate them from the 
diagnostic model.  

It is initially assumed (Fig. 2) that for subsequent time intervals T01 and T12 with very short 
distance between them and assigned for recording of signals y(t) and x(t) the squares of amplitude 
amplifications of the signal y(t) related to the signal x(t) can be calculated:  
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where: 
0101, T

yy
T
xx SS  -  power spectral densities (PSD) within the time interval T01,  

1212 , T
yy

T
xx SS  -  power spectral densities (PSD) within the time interval T12. 

The function ( )x t  is immeasurable, hence neithe 01r T
xx  o 12TS r xx  can be calculated. However, 

one can assume that the power spectral density (PSD) for the environment signal x(t) within the 
time intervals T01 and T02 when the working parameters are recorded is exactly the same, 

S

i.e.  

 
01 12T T

xx xS S x . (7) 
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This assumption is justified as the interval of measurements T01 and T02 are mutually biased by 
not more then several milliseconds.  

Subsequently, based on the assumption (7) a new, virtual parameter  is introduced in 

the form of a quotient for amplitude amplifications and  [12, 14].  
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(8)

 
Therefore a new diagnostic model is obtained:  
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The function W  can be calculated exclusively on the basis of the measurable signal y(t). 
Its characteristic feature is the fact that its takes account for environmental parameters x(t) with no 
need of measurement thereof.  

2
01,12 TT

 
3. The method for monitoring of technical parameters attributable to the blade based on 

recording of function W parameters 
2

01,12 TT

 
The method for monitoring the changes in technical condition attributable to the blade based on 

recording of function W  parameters needs to carry out relevant diagnostic investigations.  2
01,12 TT

 

 

The signal from an inductive sensor installed on a fan titanium blade within the RD33 engine  

Fig . 2. The signal from an inductive sensor: T ,  - respectively – long and short time periods of data recording 

when the blade tip remains within the vulnerability zone of the sensor, T , T , T  - characteristic sub-periods of data 

recording when the blade tip remains exactly under the sensor, T ,T  – sub-periods of data recording for the blade 

tip, respectively for T  and T , mV- signals for the blade tip displacements, s – time intervals for the blade 
displacements 
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Another characteristic feature is the fact that the established time interval T (with the value of 
Td or Tk) when the blade y(t) moved below the sensor is split into two respective sub-intervals: T01 
when the blade approaches the sensor and T12 when it has already passed the sensor and moves 
away (the moment T1 corresponds to the position when the blade tip is exactly below the sensor – 
Fig. 2). Adoption of the long time Td or the short time Tk of data recording results from the need to 
fulfil the (7) equation. 

Then, for the displacement y(t) during the assumed periods of data recording T01 and T12 it is 

possible to find out estimations for the autocorrelation functions  and  and to match 
them to appropriate analytic expressions [2, 12-14, 17]: 

01*T
yyR 12*T

yyR

- for the time interval T01 within the recording time Td or Tk,  
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where: 
01 01 01, ,iT iT iT  - parameters for the analytic form of the correlation function, 

 - bias time (the space variable for the correlation function), 
n  - number of components for the correlation function. 
- for the time interval T12 within the recording time Td or Tk,  
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where: 
01 01 01, ,iT iT iT  – parameters for the analytic form of the correlation function, 

 – bias time (different from the dynamic time variable t), 
m –  number of components for the correlation function. 

The matching degree between the analytic form of the correlation function and their 
estimations should be higher than 0.9 and n should be equal to or higher than m. It can be achieved 
by assuming the necessary data recording time Td or Tk as well as appropriate measuring window 
(of rectangular, Hamming, Hanning or other types) [13].  

The switchover from physical signals x(t) and y(t) to correlation functions Rxx( ) and Ryy( ) 
defined for the bias time interval  is justified by the fact that the function C in the space t is 
associated with the function C2 in the space of the time of  and, respectively, the function 
Csin( t) is associated with the function C2cos( t).  

Analytic forms for the autocorrelation functions  and can be used to determine 

corresponding functions of power spectral densities (PSD) and by application of 
the Fourier transformation:  
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where: (.)F  - operation of the continuous Fourier transformation  
Finally, the new virtual signal can be determined: 
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with parameters that bring information about technical condition of the examined blade.  
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The monitoring process for technical condition of a blade in a rotor machine looks like in the 
following way:  
- for any moment of the machine operation 0  (start of the monitoring process) one has to 

establish parameters of the 2
12,01 TTW function: L00, L10, L20, … as well as M00, M10, M20, …, 

- for a subsequent moment of the machine operation 1 (when the blade is to be monitored for 
the next time) the new parameters of the function 2

12,01 TTW  must be determined, namely L01, L11, 
L21,… and M01, M11, M21,… , 

- alteration of the technical condition is calculated by relative alterations of individual 
parameters:  
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- the diagnostic information that can be used for the monitoring process of technical condition 
demonstrated by the blade during operation of the rotor machine is assumed as alteration of the 

iL  and iM  parameters.  

The assumption seems to be justified that a series of iL  and iM  parameters along with huge 
number of their mutual configurations shall enable to identify great many possible alterations of 
technical condition demonstrated by the blade under investigation.  
 
4. Conclusions  
 

The presented method applicable to monitoring of changes in technical condition of a blade is 
an innovative approach to carry out diagnostic of the blade in its natural environment with no need 
to measure signals from that environment.  

The monitoring method that can be used to keep track on technical condition of the blade bases 
on the diagnostic model when the quotient of amplitude amplification  is calculated for the 
output signal y(t) related to the environment signal x(t) for the data recording time T01 and T12. The 
method consists in the fact that the time interval T when the blade tip y(t) moves within the 
vulnerability zone of the sensor is split into two sub-intervals: T01 when the blade tip approaches 
the sensor position and T12 i.e. after passing this position and moving away.  

2
0112TtW

The method for monitoring technical condition of an item is characterized in the fact that the 
virtual signal  is calculated as a quotient of the power spectral density (PSD)  for the 
signal y(t) that is monitored during a subsequent time period T12 divided by the power spectral 
density (PSD)  for the same signal y(t) but monitored during the preceding period of time T01. 
The time intervals T01 and T12 to keep tracks on the signal y(t) are selected in such a way that the 
environment x(t) for these time periods when the signal y(t) is monitored can be considered as 
identical, i.e. 

2
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In addition, the method for monitoring technical condition demonstrated by a blade is 
characterized in the fact that the power spectral density (PSD) values  and  for the signal 

y(t) is calculated from analytic forms of the autocorrelation functions  and  that are 
determined with the matching coefficient higher than 0.9. The required matching factor is achieved 
by assuming the necessary data recording time Td or Tk as well as appropriate function of the 
measuring window (rectangular, Hamming, Hanning or other types).  
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The characteristic feature of the model  is the advantage that it needs no measurements 
of signals from the environment, although indirectly they are taken into account by purposefully 
arranged diagnostic examinations (two time intervals for taking measurements, determination of 
the diagnostic model as a quotient of other diagnostic models that combine signals from the 
environment with parameters that reflect technical condition of the object).  

2
0112TtW
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