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MULTIVECTOR DIFFERENTIAL CONVERTERS OF VIBRATION INFORMATIONS 
MEASURING SYSTEM

In article suggests statistical model as model of refusals of served elements on the basis of DN-

with constant periodicity of the control. By results of the lead researches the general reason that the less size 
of factor of a variation of a casual operating time to refusal of served elements, the great should be optimum 
value of a level of maintenance service proves to be true.

Keywords: factor of the variation, served elements, value of a level, maintenance service.

Introduction. Tenzoresistive gauges represent 
an elastic element on which it is fixed tenzoresistor. 
Such gauges are widely enough applied in measur-
ing techniques. Under action of force (weight of a 
cargo) there is a deformation of an elastic element 
together with tenzoresistor. On change of resistance 
tenzoresistor it is possible to calculate a degree of 
deformation which is proportional to the force ap-
plied on a design. At use of several such converters 
there is an opportunity of reception of the infor-
mation, for example, about a degree of deformation 
in different places of a detail or to investigate a de-
gree of vibration of complex rotating mechanisms. 
Such researches allow to remove the characteristic, 
to investigate a degree of deterioration of elastic and 
rotating elements, allow to define probability of their 
refusal or another [1, 2]. 

The principle measurements of parameters vi-
bration by means of strain gauges is based on defini-
tion of the characteristic of the primary converter 
which, as a rule, is rigidly fixed on the information 
gauge. Last alters vibrating fluctuations in inertial 
movement of the mechanical device more often 
beam type. The size of this force is proportional to 
change of geometrical parameters, namely - curva-
ture an element. So we have primary 
transformation of not informative type. The purpose 
of the further transformation will be reception on an 
output of the gauge of the measuring information 
convenient for the further transfer and processing. 
Such information converter, also it is applied tenzo-
resistive an element which makes the further trans-
formation of a degree of curvature into respective 
alteration of resistance tenzoelements. For the fur-
ther processing such information there is enough 
inclusion tenzoresistor in an electric circuit, for ex-
ample, the operational amplifier, both the further 
transfer and processing of the information. Depend-
ing on external conditions and the declared charac-
teristics sensitive elements can be and other type. So 

greater sensitivity is added to the gauge of vibration 
with pezo-converters, but they have greater prob-
lems at removal of the information and at their ac-
commodation.

Basic part. On the basis of a principle of work 
of weight gauges, have found the application - vi-
brometr, that is devices for definition of parameters 
of vibration. As such parameters the amplitude and 
frequency of vibration act first of all. In the most 
simple kind, the device for reception of these two 
parameters is shown on fig.1, and [1, 2, 4].

Feature of this device is removal of the charac-
teristic of vibration in one direction. For change of a 
direction moving all gauge to a place of fastening of 
the basis 2 is necessary. For this purpose often apply 

6 to fixing bolts in the basis in the form of 
sector of a ring. As lack of such device enough 
greater mistakes for an exact choice of an adjusting 
direction a vector acts. Other lack of such systems 
is complexity of reception of a straight-line charac-
teristic tenzoelements for different amplitudes of 
fluctuations [5].

Feature of this device is removal of the charac-
teristic of vibration in one direction. For change of a 
direction moving all gauges to a place of fastening 
of the basis 2 is necessary. For this purpose often 
apply aperture 6 to fixing bolts in the basis in the 
form of sector of a ring. As lack of such device 
enough greater mistakes for an exact choice of an 
adjusting direction - a vector acts. Other lack of such 
systems is complexity of reception of a straight-line 
characteristic tenzoelements for different amplitudes 
of fluctuations [5].

For reception of a signal as the primary con-
verter the beam 3 rigidly fixed on the basis of vibro-
gauges 2, for example, by means of welding 5 is 
used. Thickness of a beam gets out at the rate of 
predicted amplitudes and frequencies of vibration. 
On the free end of a beam the balance weight 4 is 
rigidly fixed. The sizes and weight of the balance 
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weight get out as at the rate of prospective character-
istics of vibration, and, having a set of balance 
weights there is an opportunity of management of a 
range of characteristics of the vibrator. On a beam it 

is attached tenzoconverter 1 for definition of chang-
es of geometrical parameters as a result of fluctua-
tion of a beam.
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1 tenzoconverter; 2 basis; 3 beam of the vibrator;
4 balance weight; 5 place of fastening (welding); 6 aperture for fastening

Figure 1 Vibrogauge with tenzometric the converter: a with one tenzoconverters; 
b with two, symmetric tenzoconverter

For linear characteristics of the converter the 
device for balancing mechanical devices with linear 
the initial characteristic, fig. 1, b is offered. Distinc-
tive feature of this device is that two strain gauges 1 
are fixed symmetrically, on the different parties of a 
beam 3. Both devices, shown on fig.1 have an op-
portunity to react to vibration only in one direction, 
that is in our case along a horizontal axis of sym-
metry (see a cut A-A and B-B fig. 1).

Often there is a necessity of reception of the 
characteristic of vibration in different (a lot of vec-
tor) directions. For reception of signals about vibra-
tions in a perpendicular (cross-section) direction it is 
enough to choose section of a beam in the form of a 
square and to attach symmetric tenzoconverters on 
opposite sides, as shown in fig. 2. As for reception 
of identical signals about vibrations application of 
the symmetric balance weight 4 (see fig.1) is neces-
sary.

Such way of measurement can be defined as 
differential therefore as in the further it is necessary 
to use constantly only the generalized information 
from the offered gauge. Such way solves one more 
important problem. It linear characteristics of the 
gauge practically in all its working range.

Earlier for this purpose use of additional devic-
es or circuit decisions was offered. Here there is an 
opportunity of reception of a straight-line character-
istic after the first transformation.

- -

Vector of vibration

a) object Test-1    b) object Test-4

Figure 2 A kind vibrogauges (see fig.1) with 
symmetric tenzometric the converter: 

a with two tenzoconverters; b with four, in 
pairs symmetric tenzoconverters

Such way will allow simplifying considerably 
the further schemes of processing of the information, 
and owing to it to reduce methodical errors. Also, 
use of a case when the beam can be in the form of 
the overwound hexagon on which each side is inter-
esting are fixed tenzoconverters, that allows to spend 
measurement more precisely.

Besides, the step should be equaled to 
width of one side. At such arrangement tenzocon-
verters and the system approach to from them 
the information, the opportunity with identical accu-
racy of removal of indications vibrogauges practical-
ly any direction vector it is lot (see fig. 3) is re-
ceived.
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1 tenzoconverters; 2 fastening; 3 six sides beam of the vibrator (a); 4 balance weight; 5 place of 
welding; 6 aperture for fastening; 7 beam of the multivector vibrator (b) is curtailed six sides 

Figure 3 Vibrogauges with tenzometric the converter on a beam six sides type

Tenzoconverters should have the symmetric 
characteristic. For this purpose we shall receive 
mathematical model tenzoconverters. We shall re-
ceive the linear equation and approximation of the 
sixth degree [3] further.

The equations for tenzoconverters look like:
Linear:

5558,631888573,46 .y x          (1)

Polynom :

14 6 11 5 8 4 7 34 10 3 10 2 10 10y x x x x x x x
20,0017 0,6992 196,82,x x                (2)

where - a variable of moving (vibration)
For reception of the symmetric characteristic it 

is necessary to define the maximal mistake of linear 
approximation then it is received the linear equation 

with displacement on the established mistake. Prac-
tically it leaves model of the symmetric gauge which 
will differ from real only on a mistake of incon-
sistency of pair gauges.

Further we receive a difference between values 
at polynom approximations and the displaced 
straight line, increasing each mistake twice we shall 
receive a line symmetric to a line of the first gauge.

Let's deduce it polynom approximation of the 
sixth degree. The equation of mathematical model 
tenzoconverters, connected in a parallel looks like:

14 6 11 5 8 44 10 3 10 2 10y x x x x x x
7 3 22 10 0,0007 2,705 80,694.x x x x        (3)

On fig. 4 the schedule of all functions of the 
mathematical analysis of characteristics tenzocon-
verters is shown.
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1 Schedule tenzoconverters; 2 Linear approximation of the characteristic tenzoconverters; 3 Moving of 
a line 2 on distance of the maximal absolute error; 4 Schedule of function for the symmetric converter; 

5 Mathematical polynom the equation of the first tenzoconverters; 6 Mathematical polynom the equa-
tion of the symmetric converter

Figure 4 Characteristics symmetric tenzoconverters on a beam
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Conclusions. The lead analysis of materials has 
shown, that there are unresolved questions of re-
search and reception of the information on character-
istics of vibration in several directions. System ap-
plication of the gauge of vibration of the offered 
type allows to conduct multivector research in a 
mode of real time, and at the same time to define 
vibrating characteristics in the basic directions of 
vibrating fluctuations, and to define collateral vibra-
tions which often carry out harmful actions in work 
of object which is investigated. In work results of a 
mathematical substantiation of such researches are 
shown. Using the modern software of personal com-
puters it is easy to reproduce range of vibrations of 
investigated object.
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