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As of today, a strong tendency has developed to construct systems for technical 
inspection and diagnostics of electric power machines based on analysis of their 
vibroacoustic characteristics. This is due to both a high informational content of this 
parameter and with the opportunity to measure the said parameter directly in electric 
machine’s operational mode without the need to intervene into its design [1]. 
However, a significant technical problem that arises during construction of systems 
for inspection and diagnostics of low-speed electric machines (including hydropower 
units of HPPs and PSPPs) lies in a considerable limitation on the use of known 
sensors of vibration velocity and vibration displacement due to the fact that rotary 
revolution speed in such machines is normally lower than the lower boundary of 
operation for sensors of this type [2]. One of the approaches to solution of this 
problems lies in the use of accelerometerers. That said, when analyzing technical 
characteristics of known vibration accelerometers [3], one of the most promising ones 
to be used in systems for technical inspection and diagnostics of low-speed electric 
machines is a capacitance micromechanical accelerometer. 

The change in capacity of capacitance micromechanical accelerometer is linearly 
connected with displacement of the sensor’s movable part. Since the sensor’s 
movable part is cushioned on stretches, in case of its destabilization own damped 
oscillations will arise, overlaying the forced displacement of equilibrium point. Id est: 

( ) ( ) ( ),в прX t X t X t   (1) 
where X(t) – the dependency of general displacement of the sensor’s movable part 

in relation to the stationary one; Xпр(t) – the forced component of general 
displacement of the sensor’s movable part, which is determined by external influence 
(sensor’s acceleration); Xв(t) – own displacement of the sensor’s movable part in 
relation to the stationary one determined by own inertial movement. 

Since forced component of the general displacement of the sensor’s movable part 
is exclusively determined by external influence, then in the absence 
(compensatedness) of gravitation component’s projection onto the measuring axis, 
which brings an additive error component into an output signal of capacitance 
micromechanical sensor [4], this may be determined as: 

( ) ( ).пр
mX t t
k
  (2) 

In its turn, own component of displacement of the sensor’s movable part is 
determined by presence of “elastic pendulum” mechanical system. So, under the 
action of constant і-agitation this may be described by expression: 
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2

2
( ) ( ) ( ) 0,вi вi

вi
d X t P dX t k X t

dt m dt m
     (3) 

where P – the coefficient of resistance to displacement of the movable part; Xвi(t) 
– displacement of the sensor’s movable part in relation to equilibrium position from i-
agitation.

Then general displacement of the sensor’s movable part in relation to the 
stationary one under the action of constant і-agitation will be described by the 
following nonuniform differential of second order: 

2

2
( ) ( ) ( ) 0.i i

i i
d X t P dX t k mX t

dt m dt m k
      (4) 

Since in real-world sensor the inertial resistance coefficient is fairly minor, while 
stretches have quite a high stiffness, the following inequation will be implemented: 

2 4 0,P k
m m

    
 

(5) 

and solution of (4) in relation to Xi(t) will look as follows: 
0

0 0( ) ( cos( ) sin( )) ,t
вi i i прX t e A t B t X      (6) 

where Aі and Ві – the integration constant determined by initial conditions; Xпр – 
the coordinate of equilibrium position under resultant of system of forces; ω0 – the 
cyclic frequency of own oscillations of the sensor’s movable part; ξ – the coefficient 
of proportionality between cyclic frequency of own oscillations and coefficient of 
their damping. That said: 

0 ,k
m

  (7) 

and, 

,
2

P
k m

 


(8) 

Then own general displacement of the sensor’s movable part, based on its 
temporal implementation may approximately be found out as follows: 

1

( ) ( ),
n

д
i

X t X t i T


    (9) 

where Tд – the system’s discretization interval. 
Expression (20) enables us to evaluate the experimental value of instantaneous 

displacement of the sensor’s movable part, with application of its interpretations for 
theoretical analysis of metrological characteristics of capacitance micromechanical 
sensor being quite complicated. Hence, to solve this problem it is advisable to use the 
transient characteristics of own displacement of the sensor’s movable part in relation 
to the stationary one h(t) depending on the sensor’s acceleration, which may quite 
easily be calculated based on its passport data. Such being the case, general 
displacement of the movable part may be determined as follows: 

0

( )( ) (0) ( ) ( ) .
t d tX t h t h t d

dt


      (10)
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We will obtain a typical transient characteristics of capacitance micromechanical 
accelerometer for sensor ADXL320 by Analog Devices). 

Since initial zero conditions are linked to the sensor’s previous mode of operation 
(its zero displacement and speed), then, according to the conditions set forth above, 
we have: 

 
(0) 0,

(0) 0.
вi

вi

X



 

      (11) 

Such being the case, the speed of the sensor’s movable part will be described 
using the following expression: 

 
0

0

0 0 0

0 0 0

( )( ) ( cos( ) sin( ))

( cos( ) sin( ))

tвi
вi i i

t
i i

dX tt e B t A t
dt

e A t B t





   

  





   

 
  (12) 

Having solved the system that includes (6) and (12) taking into account the initial 
conditions (11), in relation to integration constants for time moment t=0, we will 
obtain: 

 
9

10

10 ,
7,91 10 .

A
B





  


  
    (13) 

The voltage variation function at the sensor’s output: 
 ( ) ( ).U t X t     (14) 
Or having substituted into (14), which is normally used when establishing the 

equation of transformation of capacitance micromechanical accelerometer: 

  д д
m m mU( t ) ( t ) ( t ) ( t ) ( t ),

k k k
     

   
     

      (15) 

where ε(t) – the acceleration value being measured; Δд(t) – the dynamic error that 
arises as a result of own displacement of the sensor’s movable part in relation to the 
stationary one, conditioned by its inertia. 

Expression (10) for a random temporal variation of measuring acceleration may 
be written as follows: 

0

( )( ) (0) ( ) ( ) .
tm d tU t h t h t d

k dt
    

  
    

 
   (16) 

In its nature, dependency (34) is the mathematical model of capacitance 
micromechanical accelerometer that describes the dynamic mode of its operation. 

Having regard to (15) and (16), we will obtain the expression to evaluate the 
value of the absolute dynamic error of capacitance micromechanical accelerometer: 

 

0

0

( )(0) ( ) ( ) ( )

( )(0) ( ) ( ) ( ).

t

д

t

m d t mh t h t d t
k dt k

m
k

d th t h t d t
dt

       

 

   

        
   

 

    





  (17) 
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CONCLUSIONS 

1. Obtained was the mathematical model of capacitance micromechanical
accelerometer in the dynamic mode of operation, which allows establishing the 
unambiguous connection between the value of acceleration of the sensor’s housing 
and the value of its output voltage. It was demonstrated that, in the dynamic mode of 
operation, this sensor is characterized by dynamic error conditioned by the movable 
part’s inertial properties and elasticity of stretches. 

2. Obtained was the mathematical dependency of the absolute dynamic error of
capacitance micromechanical accelerometer, withdrawal of which from measurement 
results allows raising the precision of the said primary measuring transformer. 
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