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ABSTRACT 

Proposed is a new noncontact method for measurement of axial displacement of electric machine’s rotor in real-time 

mode and developed is the structural pattern of measurement procedure to implement this. 
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1. INTRODUCTION 

Dynamic analysis of electric power machines’ mechanical parameters in the technological process mode is the 

integral component of the advanced trend for raising the reliability and reducing the operating costs due to construction 

of up-to-date diagnosing systems. One of the most informative and widespread types of such diagnosing of rotating 

power machines is the vibration diagnosing [1, 2], the implementation of which in turn requires the availability of 

measuring transformers of a number of vibration parameters being able to display high-precision measuring information 

in real-time mode of the unit under test. One of such parameters that is widely used as an input signal is the vibration 

characteristic of axial displacement of electric machine’s rotor, the metrological characteristics of the measurement 

procedure of which produce a direct impact on the operational efficiency of the entire diagnosing system. 

That said, as shown in papers [1], one of the most informative parameters of the vibration signal is specifically 

the instantaneous vibration displacement, which however can not always be obtained without using the analytical 

methods of measured information processing. However, when measuring the rotor’s axial displacement, attaching 

additional measuring devices to it is not technically justifiable, since this may cause increasing decentering of the latter. 

And therefore, the use of methods proposed in papers [2] is not advisable in this case. Hence, taking into account the 

specificities of the measured unit (MU), one can conclude that development of high-precision methods and noncontact 

procedures for measurement of instantaneous axial displacement of electric machine’s rotor in real-time mode of a 

technological process is a relevant scientific-application task, the solution of which allows increasing the operational 

efficiency of the systems for diagnosing the electric power machines. 

2. SETTING THE TASK 

Eddy-current and capacitance primary measuring transformers became widely applied when measuring the 

instantaneous axial displacement of electric machine’s rotor, such transducers allowing to measure the said parameter in 

the absence of immediate contact with rotor [3]. Nevertheless, a material weakness of these types of measuring 

transducers is the fact that they only allow measurements at relatively insignificant (about some millimeters) distances 

from the MU [3], which requires tight fixation of the sensor to structural elements in the immediate vicinity of the 

electric machine’s moving parts (vibration source). In its turn, this inevitably causes a significant procedure error, since 

the methods envisaging the use of the said sensors do not take into account their own vibration displacement in relation 

to the reference point of the coordinate system. 
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Therefore the output of the measurement devices based on the said types of primary measuring transducers is 

where a composite sound is formed, this being a vector sum of the rotor’s axial displacement and the sensor’s own 

vibration displacement, which can not be divided as a result of a random nature and nonstationarity of the vibration 

signal [2]. 

Removal of the sensor’s fixation point from the vibration source may be an efficient way to reduce this error, 

since the oscillation amplitude is inversely proportional to the squared distance from the excitation source [1]. 

Nevertheless, as was mentioned above, such an approach can not be implemented when using eddy-current and 

capacitance sensors, this restricting their use when solving a stated technical task. 

Another promising group of measurement methods, in terms of primary measuring transformation of axial 

vibration displacement, is represented by optical methods. Nonetheless, despite the theoretical opportunity of noncontact 

measurement of rotor displacement at quite long distances, the use of optical sensors also has a number of material 

restrictions associated with availability of noninformative influences on the optical signals on the part of both 

environment and the MU itself [4 - 7]. Such noninformative excitations may particularly include: change of attenuation 

coefficient, time-varying absorption coefficient of both ambient environment and the MU itself, MU’s own heat radiation 

etc. [8]. Hence, in view of the foregoing, it is evident that development of new methods for axial displacement 

measurement, which would ensure the possibility to measure the latter at sufficient distances between the sensor and the 

MU, and which would be low-sensitive to the influence of noninformative disturbing factors is a relevant task. 

3. ANALYSIS OF TASK SOLUTION WAYS 

The main problem that requires solution when using optical methods for measurement of axial vibration 

displacement, as was said before, is the availability of a considerable influence of noninformative influencing values on 

the informative signal. In view of this, and of the random nature of the disturbing influence, it is evident that the 

amplitude of the informative signal at the input of the receiver in such a system can not have a stable value. And hence, 

the use of the latter as an informative parameter in an intermediate measuring transformation is inadvisable. 

Nevertheless, based on the physical properties of air [9 - 11], which will apparently be present between the radiator, the 

MU and the receiver, its coefficients of relative dielectric and magnetic permeabilities are only slightly variable in 

typical conditions of operation of electric power equipment. Hence one can conclude that phase speed of the informative 

signal in such a system will have quite a high stability. This explains the advisability of using particularly the phase 

displacement of informative wave as an intermediate informative parameter. 

Significant problems to arise when developing the measurement procedure implementing the intermediate 

measuring transformation of rotor’s axial displacement into displacement of the informative signal’s phase is the 

availability of a significant phase-amplitude error determined by instability of signal amplitude at the input of the 

receiver and a love sensitivity of the device, which is determined by relatively low permissible axial displacements of 

electric machine’s rotor (some hundred micrometers, which corresponds to the length of an electromagnetic wave with 

the frequency of hundred gigahertz) [2]. Hence, phase noncontact method for measurement of axial displacement of 

electric machine’s rotor must include both the algorithm for phase-amplitude error compensation and the new method for 

measuring the phase difference to ensure an improved sensitivity at high frequencies of informative signal. Summarizing 

the foregoing, the algorithm for implementation of phase noncontact method for measurement of axial displacement of 

electric machine’s rotor will be as shown in the flow chart (Fig. 1) [3,12,13]. 

The problem of phase-amplitude error compensation may be solved by ensuring a variable coefficient of 

informative signal magnification at the input of the receiver, thus making it possible to ensure its stabilization regardless 

of external disturbing factors. Given that the reason for occurrence of phase-amplitude error lies in the amplitude 

difference between the informative and the reference channels, as well as the fact that under certain conditions external 

disturbances may cause change in the amplitude of the reference signal (albeit within a lower range of values), it is 

advisable to use the reference signal amplitude as the stabilization criterion. Under such approach, it would be advisable, 

at the output of the receiver to install a linear amplifier with a regulated magnification coefficient, the value of which to 

be adjusted in real-time mode on account of the feedback signal being the difference between the amplitude of 

informative and reference signals [14 - 17]. 

For the purpose to reduce the strength of the radiated signal, it would be admissible to apply onto a pre-treated 

surface of the rotor shaft’s nose protrusion, the axial displacement of which will correspond to the axial displacement of 

the entire electric machine’s rotor due to a high stiffness of the material, a special coating that improves the reflecting 

properties of the radiating surface without causing the increasing decentering of the rotor shaft due to an insignificant 

additional weight of the coating itself. The intermediate transformation of axial displacement into the phase difference 
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with stabilization of the informative wave’s amplitude may be implemented using the proposed flow chart shown in 

fig. 2. 

 
Fig. 1. Flow chart for implementation of phase noncontact method for measurement of axial displacement of electric machine’s 

rotor 

 
Fig. 2. Flow chart of the system for stabilization of signal amplitude at the output of the receiver 
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The specificity of operation under the flow chart shown in fig. 2 lies in the fact that the signal of given frequency 

is sent from generator 7 to the input of radiator 4. At the output of radiator 4, directed radiation is formed from wave 

generator 7 towards the nose protrusion of rotor 1 shaft, to which the reflecting coating 2 is applied. Having reached the 

reflecting coating 2, the wave that was radiated by radiator 4 is reflected towards receiver 3 [18 - 21]. Depending on the 

value and the symbol of axial displacement of the nose protrusion of rotor 1 shaft, the distance between it and radiator 4, 

and receiver 3 changes. In this case, the fundamental relationship between the increment of the initial phase angle during 

the electromagnetic wave’s spatial movement will be true for the informative signal: 

 ,
L







360
 (1) 

where Δφ and ΔL – are, respectively, the increment of the initial phase angle and the increment of the linear 

coordinate in the direction of wave propagation; λ – the length of the electromagnetic wave that is associated with  its 

frequency in the following interrelation: 

 ,
f

c
  (2) 

where f – the informative signal frequency; с – the speed of optical signal propagation in the air (vacuum). 

Taking into account (1) and (2), as well as the geometry of wave propagation from radiator 4 to receiver 3, the 

signal at receiver 3 input will have an additional phase displacement (in degrees), the value of which depends on the 

axial displacement of the nose protrusion of rotor 1 shaft according to the following transformation equation:  

 ,
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where L – the axial displacement; α – the angle between the incident and the reflected waves, which in case of 

high-quality pre-treatment of the rotor shaft’s nose protrusion remains unchanged. 
 

From receiver 3 output, the accepted signal is transmitted to the input of constant multiplier 5, where stabilization 

of its amplitude takes place, which is due to comparison of signals from the output of the first 8 and the second 9 

rectifiers, which is implemented by the comparator with analog output 10, at which output adjustment signals are 

formed, which are proportionate to the amplitude difference between signals from outputs of the first 8 and the second 9 

rectifiers. The coefficient of proportionality of constant multiplier 5 does functionally depend on the adjustment signal 

value, due to which the amplitude of signal at its output equalizes with the reference signal amplitude. 

The problem of low sensitivity, which restricts the application of phase methods for implementation of task of 

axial displacement measurement, may be solved by using a special method for phase difference measurement, which, in 

contrast to the classical approach, does not provide for the intermediate transformation of phase difference into time 

interval. This allows using the signal of increased frequency as an informative signal without causing any reduction in 

precision of phase difference channel and thus ensuring the displacement of the informative wave frequency to the area, 

where the intensity of the MU’s own radiation is quite weak.  

Taking into account the desired characteristics of phase difference channel, measurement of the latter may be by 

obtaining the intermediate vector values associated with the informative and the reference signals. When using sinusoidal 

waves, the reference and the informative signals will be described by a harmonic function, having an equal amplitude at 

the output of the chart shown in fig. 2. By connecting the time reference system with the reference signal, these can be 

mathematically shown as follows: 
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Such being the case, the amplitude of their vector sum will equal to: 

 ),cos(UU msum
2

2


  (5) 

with the amplitude of vector difference between the informative and the reference signals equaling to: 

 ).sin(UU mdif
2

2
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  (6) 
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Functional dependencies of (5) and (6) ensure transformation of the difference into the associated level of 

constant voltage, and taking into account the specificity of the sinusoid, the direct measurement of Usum and Udif signals 

with further calculation of φ will be accompanied by reduction in sensitivity of the measurement procedure with the 

increase in amplitude of axial displacement, which is unjustified in technical terms. Hence, it would be more advisable to 

use another value being dependent on phase difference φ as the intermediate signal. 

Having divided (6) by (5), we obtain: 

 ).(tg
U

U

sum

dif

2


  (7) 

In contrast to cos and sin function, tg function is characterized by increasing sensitivity in case of approaching to 

limit values of the increment range, thus allowing to improve the precision of measurement with the increase in axial 

displacement, and hence, ensuring, when required, increased precision of axial displacement measurement when 

approaching to the upper permissible value. Taking into account (7), the transformation equation of phase difference 

channel when using the proposed approach will be as follows: 

 ).
U

U
(arctg
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dif
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Based on the foregoing, one can formulate the new method of phase difference measurement, which does not 

envisage any intermediate transformation of the latter into time interval. The algorithm for implementation of proposed 

method is shown in fig. 3 in the form of a flow chart. 

 
Fig. 3. Flow chart for implementation of proposed method for measurement of phase difference  

The flow chart of the measurement procedure, which implements phase noncontact method for measurement of 

axial displacement of electric machine’s rotor may be as shown in fig. 4. In the flow chart shown in fig. 4, one can 

locate, along with the intermediate transformation of axial displacement and stabilization of the informative signal 

amplitude, the amplitude of the vector sum and the vector difference between the informative and the reference signals in 

the blocks of vector subtraction 12 and vector addition 13. 
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Fig.4. Flow chart of the measurement procedure that implements phase noncontact method for axial displacement of electric 

machines’ rotor 

After that, the signals obtained arrive at the division block 11 with the result that its output forms an analogous 

voltage level proportional to arc tangent of phase difference between the informative and the reference signals. The 

obtained voltage value will be digitized and arrives at the input of numeric transducer 15, where the final computation of 

the instantaneous axial displacement of electric machine’s rotor takes place according to the transformation equation of 

proposed measurement procedure: 

 .
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That said, given that tg function is periodic, with 180-degree period, the frequency of the informative signal, 

which is advisable to be used in the device proposed in fig. 4, may be calculated using the following interrelation: 

 ,
LL

c
f

max 


2
 (9) 

where Lmax – the rotor’s maximum axial deviation that may be measured by the measurement device; ΔL – the 

displacement assurance coefficient that renders the transition of the informative wave’s phase displacement through the 

period of tg function within the measurement range impossible. 

4. CONCLUSIONS 

1. Proposed is the new method for measurement of phase difference of wave-form signals, which due to the absence of 

intermediate transformation of phase difference into the time interval is characterized by a hypersensitivity in the 

course of measuring the phase difference of high-frequency signals. 

2. Proposed is the new phase noncontact method for measurement of the axial displacement of electric machine’s rotor, 

which due to the use of an optical informative way and the use of the new method for measurement of the phase 

difference of wave-form signals, which does not envisage any intermediate transformation of the latter into the time 

interval, allows ensuring a high precision and sensitivity of measurement. 

3. Developed is the structural pattern of the new procedure for measurement of the axial displacement of electric 

machine’s rotor, which, due to implementing the phase noncontact method for measurement of the axial 

displacement of electric machine’s rotor, is characterized by noncontact measurement ensuring a higher precision of 

measurements thanks to reduction of the procedure error conditioned by the sensor’s own vibration. 
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