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Abstract. This work is the result of continuation of the research in the context of vibration parameters studying while
the generation of an amplitude-frequency modulated signal of a shock-vibration seismic installation. The testing
bench simulates the operation of the installation. There are two circuits — low-frequency and high-frequency
oscillations in the testing bench. The article presents the results of research on separate operation of high-frequency
and low-frequency generators. The main resonant frequencies during generators operation were determined in the
study. These frequencies can be adjusted by changing the average pressure in the elastic shells. It is possible to reduce
the nonlinearity of the vibration system of the experimental stand by increasing the average pressure in the hydraulic
system. The system behaves in the same way with an insignificant difference in the resonant frequencies and
amplitude values of the main resonant peak, with separate excitation of oscillations from high-frequency and low-
frequency generators. The frequency of additional resonance is determined. This frequency is explained by several
degrees of freedom of the vibration mechanism mechanical system. Possible modes of loading the system by
oscillation generators are determined.

Keywords: vibration parameters, hydro-volume vibration mechanism, nonlinearity of the system, dynamic
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Introduction

The issues of studying the parameters of vibration that accompanies the operation of various equipment [1-6]
or is generated by technical systems [7-10] are always of great importance.

One of the areas of scientific research is vibration seismic exploration [11-15].

This research is a continuation of scientific articles [14, 15]. The purpose of the articles is to generalize the
achieved results concerning the development of a shock-vibration source of seismic signals that generates an
amplitude-frequency modulated signal.

It is proposed in the research [14] a design scheme of a seismic source with a vibration system and an impact
mechanism. A hypothesis is put forward about the validity of replacing the fall of the load on its swinging-oscillatory
motion in the research [15].

This motion is formed by the second oscillatory circuit, thus the hydro-volume mechanism consists of

» an oscillatory system with two circuits — low-frequency and high-frequency;
» asystem for forming the initial pressure po;
* aload that presses the mechanism to the ground.

Experimental studies were first conducted with one generator — high-frequency, then — low-frequency.

The frequency change range is ®,=0+40 Hz and ®,=0+40 Hz.

The scheme for conducting experimental studies of dynamic characteristics is shown in Figure 1.
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Fig. 1. — The scheme of conducting of the experimental studies with excitation by generators:\

To analyze the obtained results, dependency diagrams were constructed (Fig. 2, 3):
* natural frequency w, from the values of inputs X;and X, and average pressure py;
« coefficient of the ratio of the resonant amplitude of oscillation x,., from the values of inputs X; and X,
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Modeling according to the system (2) [14], supplemented by formulas

V() = % f dF (t)dt; )
0

x(t) =fV(t)dt; 3)

0

was carried out with the initial pressure value p,=1 MPa.
Let us recall [14] that the following notations are used in formulas (2, 3):
* m is the weight of the load;
* V is the movement speed of the movable body of the actuator;
« x is the current movement of the moving body.
The rationale for choosing the mean value will be studied in the next paper.
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Fig. 2. - Dependences of the natural frequency wo on the values of the average pressure po and inputs and X1 and Xz:
a - Xi1; b— Xz2; MM — mathematical model
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Fig. 3. - Dependence of the coefficient of the ratio of the resonant amplitude of oscillation Kres on the value of the inputs X1 and X2 at po=2 MPa

The results of the studies (Fig. 4, 5) [15] showed that the dynamic system of the vibration mechanism has
(according to average values):
+ the main resonance along the x coordinate and the pressure drop dp at the frequency

a)oza)xz(;)pzlle;

d
+ additional resonance along the x coordinate
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wy ~15.5 Hz;

» additional resonance along the pressure drop dp
wg, ~ 3.5 Hz.

When comparing the obtained data (Fig. 4, 5) [15], we can conclude that:

* the obtained model, in the first approximation, describes the dynamic characteristics of the system relatively
well;

 with different excitation options (from one or the other generator), there is a slight difference in the resonant
frequencies of the first my; and second generators @y,

A(J)O = wo(Xl) - wo(xz) =~ 0.1 HZ,

i.e. the oscillatory system of the vibration mechanism behaves almost identically when exposed to the generators.
At the same time, the linear model does not explain the presence of:
» additional resonance along the x coordinate at a frequency of ~15.5 Hz;
» adecrease in resonant frequencies with an increase in the X, input (Fig. 2);
» achange in the value of the coefficients (Fig. 3).

1 Theoretical and Experimental Research

To assess the applicability of the developed linear mathematical model of the vibration mechanism, we will use
the results of experimental studies [16-22]. It was found that a loop characteristic is observed between the change in
volume dW and the pressure drop dp (Fig. 4, 5). This indicates the existing phase mismatch between dW and dp.
Moreover, the direction of the loop indicates the accumulative properties of the shells.

X2 dw
S
dp
W,
X1 < W, aw 1 dp Fy
W
S

X1, x; are the coordinates of the plungers moving; S;, S, are the area of the generators plungers;
S is the operating area of the actuator; ks;=S:/S and ks,=S,/S are the area ratio coefficients; Wy, W, are liquid volumes
supplied by high and low frequency generators to the HPH; Wy, dW is the initial fluid volume in the shells and its
change; b is the coefficient of elasticity of the liquid B HPH;
dp is the pressure drop in operating cavities; Fq is the driving force

Fig. 4. - Segment of structural diagrams of a hydrovolume vibration mechanism
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Fig 5. — Experimental characteristics of volumetric elasticity of HPH at W1=0.44-106 m3, po=4 MPa, @1=40 Hz

Other factors influencing the nonlinearity of the system are:

* variable initial pressure py;

* variable compression area of elastic shells S.

In the research [14], was shown a nonlinear relationship between the strain force of the HPH F and the amount

of their deformation x. In this case, a typical dependency is subject to analysis:

Fq = Cy(x) - dx,

where F4 are the force transmitted through the HPH to the «groundy, the driving force;

Driving force F, kN

C, is the hydraulic stiffness due to volumetric deformation;
dx — deformation of HPH.

10 , F;=0.889x% +4.687x
(after simplification)
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Fig 5. - Hydraulic stiffness of shells (polynomial approximation)
Thus, the system of equations (2) [15] can be rewritten as follows

dx = x1 + x5 — x;

Fy = C,(x) - dx;
FV = O('V;
Fx = CO X,
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dF = Fy— F, — )

x(t) =de(t)dt.

0

where a is the coefficient of viscous losses in the oscillatory circuit;
C, is the stiffness of the main elastic bonds;
dF, F,, Fy are the force from the current deformation of the HPH, the force of the viscous internal resistance.

The final structural diagram of the hydrovolume vibration mechanism is shown in Figure 6 [23].

The non-constancy of the average pressure leads to a change in the stiffness of the shells C, and the total
stiffness of the system Cs. With an increase in the average pressure, the stiffness (slope of the characteristic) increases
(Fig. 6) and the nonlinearity of the system decreases.

In this case, with separate excitation from each generator, symmetrical high-frequency and low-frequency,
the link C,(x) is described by different equations:

Fq = 0.889 - x® + 4.687 - x (after simplification)
and
Fq=0.444-x3+ 1329 - x% + 2.344 - x.
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Fig 6. — Detailed structural diagram of a hydrovolume vibration mechanism with nonlinear connections
The presence of additional resonance can be explained by the fact that the system has at least three degrees of

freedom, and not one along the vertical axis, designated and considered as the x coordinate (Fig. 7) [24,25].
}P

y Nz

a) b)
a) considered (with one degree of freedom); b) real (with three)

Fig 7. — Mechanical system of the vibration mechanism
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Since during the oscillation process the energy of oscillations along the main coordinate x is pumped into the
energy of oscillations along the coordinate y and ¢ [24]. In a real machine, which uses the energy of a load
periodically falling in a certain guide housing, which has one degree of freedom in the vertical plane, there are no such
phenomena. Therefore, side resonances are not considered in detail in this work.

Based on the experimental data obtained on the vibration stand, it is possible to:

* draw a conclusion about the degree of influence of a particular generator on the amplitude of the movement
of the «output link» (Fig. 8);

* propose loading modes of the oscillatory system for further research into the possibility of exciting a
combined signal with the simultaneous operation of two generators.

In this case, loading modes are understood as the ratio of the value of the input of one generator to the input of
the other.

Based on the obtained equations, a system of equations was compiled:

{Xl =0.745-x+0.179
X, =0,597 - x + 0.185°

The calculation carried out in the Mathcad program demonstrated the following result (Fig. 9): the generators
load the oscillatory system (x=0.7 mm) almost equally with the input values X;=0.603~0.6 mm and X,=0.701=0.7
mm.

We accept the ratio of the inputs

X, 06 W
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Fig. 8. - Dependence of the amplitude of the oscillation of the «output link» on the input X1 and Xz
x=001.1
XI(x) = 0745x + 0179
X2(x) = 0597x + 0.183

X = Xi(x)y = Ax) =
0 0.179 0.185
01 0.254 0.245
0.2 0.328 0.304
0.3 0.403 0.364
0.4 0.477 0.424
0.5 0.551 0.484
0.6 0.626 0.543
0.7 0.701 0.603
0.8 0.775 0.663
0.9 0.849 0.722
1 0.924 0.782

Fig. 9. - Calculation results

Let us derive the relation (1) theoretically. The condition that determines the same disturbing effect on the
movement of the “output link” X

W1=W2
or
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X, = Xy 2
P =h @

where S is the working area of the high-frequency generator, which has four plungers with a diameter of d,=7 mm.
Liquid is pumped into the HPH by two pistons:
2

m-d
s, =2—-1

= 76.996 mm?, (3)

where S, is the working area of the low-frequency generator with a plunger diameter ¢,=9 mm

- d3 5
S, == = 63.617 mm?, (4)

Based on the values of areas (3, 4), given the value X;=0.6 mm, using formula (2) we obtain

Xoe = 062375

= 0,725 mm, %)

The error will be
ax, = X=X 072507 ho 3 any 6
2”7 x,. 0725 0T (6)

From (6) we conclude that the experimentally found ratio X,/X, (1) can be accepted for operation.
In further studies we will accept the loading modes (1:1, 1:2, 1:3):

X, 12 12 1.2
X, 14 28 32

Conclusion

The working resonance frequency of the low-frequency generator has been found, which can be adjusted by
changing the average pressure p.

With an increase in the average pressure, the stiffness of the system increases, thereby reducing its
nonlinearity.

The system “responds” equally to the disturbing effect of one or another generator. There is insignificant
difference in resonance frequencies and amplitude values of resonance peaks.

The presence of additional resonance at frequency . is explained by several degrees of freedom of the

mechanical system of the vibration mechanism.
It has been established that both generators can be adjusted to the same disturbing effect of the mechanical
system.
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