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Abstract. This research reviews the study of the hydro-volume vibration mechanism of Shock Vibration Source of
Seismic Signals. The developed source should have a smaller weight compared to analogs due to the fact that the
source is pressed to the ground at the moment of emission of the Amplitude-Modulated Sweep Signal by a falling
load, Theoretical studies were carried out on a linear mathematical model of the mechanism. A comparison of the
calculated values of frequency characteristics with experimental values was the method for assessing the validity of
the assumptions adopted for the mathematical model. Experimental studies of the dynamic system of the mechanism
were conducted on an experimental vibration stand using frequency characteristics. To simplify the design, the fall
of the load for pressing is simulated by a low-frequency generator in the vibration mechanism of the experimental
stand. Thus, the vibration mechanism includes two separate drives for controlling the oscillatory system for high-
frequency and low-frequency oscillations, an oscillating system and an external load. The determination of
frequency characteristics of the vibration mechanism, the conditions and nature of its resonance, and finding
resonant zones is the task of the research.
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Introduction

Various sources of seismic vibrations are used for exploration of geological environments in modern seismic
exploration. At the same time, in the research works it is noted the prospects of shock-vibration sources using [1-7].

This research is a continuation of the work “The Study of the Parameters of Amplitude-Modulated Sweep
Signal of the Shock Vibration Source of Seismic Signals” [1]. The overall objective of the research is to develop a
small-sized seismic shock-vibration source with an amplitude-modulated probing signal.

The article reviewed [1] the probing signals with different forms of the envelope of the amplitude of the
force. The prospects of using a signal with a sinusoidal envelope are confirmed. To form such a signal, it is
proposed a design scheme of the seismic signal source, including an oscillatory system with an impact unit. The
force and the form of the signal envelope are formed by the process of interaction of the fallen active load with the
shock absorber of the actuator.

The hydro-volume vibration mechanism [8-14] can be represented as a generalized dynamic circuit, adding
additional connections to it due to the presence of a resonant circuit (Fig. 1) (regardless of the materials of the
elements) [15, 16].
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Fig 1. - Scheme of the dynamic system of the hydrovolume vibration mechanism

It is evident from the diagram of the dynamic drive system that the oscillatory system and the load acting on
it represent a single system with direct and feedback connections.
The purpose of the research is to study the vibration system of the vibration mechanism that is to determine:
* its dynamic characteristics$
 the parameters of the resonant mode;
« the degree of influence of high-frequency and low-frequency generators on the amplitude of oscillations.
Also it was the task to prove:
« the validity of simulating the fall of an active load by the operation of a low-frequency generator
+ the possibility of the research on the formation of an amplitude-frequency modulated signal.
In the article on the base of the experiments:
« logarithmic amplitude-frequency and phase-frequency characteristics of a dynamic system are constructed;
« logarithmic amplitude-frequency and phase-frequency characteristics of a dynamic system are constructed;
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« acomparison of the calculated dynamic parameters with experimental ones is given.

1. Theoretical Part

To simplify the design of the laboratory stand (Fig. 2), in laboratory conditions, the fall of a load with mass

m was replaced by its rocking-oscillatory motion [1]. It was recorded, in this case, the amplitude x of the load's
movement in the vertical direction.
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Fig 2. - Simplified schematic diagram of the experimental stand:

S1, Sy, X1, X 1, ®, are: the area of the generators plungers and the coordinates of the plungers moving, the
rotational speed of the high-frequency and low-frequency oscillation generators; ¢, is the tilt angle of the high-
frequency generator disk; o, is the current position angle of the low-frequency generator shaft; p, is the average

pressure in the system; o is coefficient of viscous losses in the vibration circuit of the mechanism; Cy is the stiffness
of the main elastic links, which includes the stiffness HPH and the stiffhess due to the presence of medium pressure
in the cavities; C, is the hydraulic stiffness due to volumetric deformation; £dW is the variable fluid flow

For this purpose, load Ill is placed on four cross-connected elastic shells — high-pressure hoses (HPH). The
high-frequency oscillations are excited by a symmetrical generator (HFG) in them, and the shock mode is simulated
by an additional low-frequency generator (LFG).

The hydrovolume vibration mechanism constructed according to this scheme consists of:

+ adrive for controlling the high-frequency oscillatory system Il;
« adrive for controlling the low-frequency oscillatory system I;
« anoscillating system;
» anexternal load IlI;
* medium pressure generation systems V.
In the research [1] the general equation of displacement was obtained:

d?x dx
mw‘}‘“'a‘i’é}:'x:Cp'ksl'xl‘l'cp'ksz'xz (1)
where S is the operating area of the actuator;
S1 S2
kSl = ? and kSZ = ?
Cz=Cy+C,.

There were obtained the equations for the system of equations for subsequent computer modeling:

dW=W1+W2_WO;

dp = E aw

p_Wo ;

Fg =S -dp; (2)
FE,=aV;

Fx—Co'x,

where Wy, W, are liquid volumes supplied by high and low frequency generators to the HPH;
W, dW is the initial fluid volume in the shells and its change;
E is the fluid elasticity modulus;
S is the operating area of the actuator;
dp is the pressure drop in operating cavities;
o is the coefficient of viscous losses in the oscillatory circuit;
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V is the movement speed of the movable body of the actuator.

x is the current movement of the moving body;

Cy is the stiffness of the main elastic bonds

dF, Fy, Fy, Fy are: the force transmitted through the HPH to the "ground”, the driving force, the force from
the current deformation of the HPH, the force of the viscous internal resistance.

A detailed structural diagram of the mechanism (Fig. 3) is given on the based on the system of equations (2).

The first adder in this structural diagram characterizes the volume balance equation and the process of
forming the deformation volume dW, the second adder describes the force balance equation.
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Fig 2. — Structural diagrams of a hydrovolume vibration mechanism: a) for displacement, b) for pressure drop dps is the Laplace operator
According to the assumptions made when compiling the mathematical model [1], expression (1) is linear and

continuous in the frequency and time interval under consideration. This allows us to perform a transformation over
expression (2) - the Laplace transform:

(m-s*+a-s+Cz) X(s) =Cpksy - X1(5) + Cp  ksy " X (5) 3)

Let's rewrite expression (3):

(T? - s24+2-&-T-s+1)-X(s) =ky-X,(5) + ky - X,(5), 4
by introducing the notations:
C, k
_°p "s1(2)
ki) = C—z'
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Let us consider the operation of each of the oscillation generators separately, i.e. two variants of the system
operation:
* in the first case, the input is the movement of the plunger of the high-frequency generator x,
(T?s24+2-&-T-s+1)-X(s) =ky-X,(5); (5)

 in the second input is the movement of the plunger of the low-frequency generator x; :
(T?s242-&-T-s+1)-X(s) =k, X,(5). (6)

We obtain two different loading schemes for the mechanical system of the vibration mechanism, differing in:

* the nature of excitation;

* the size of the excitation volume of liquid supplied by the generators into the cavities of the shells;

* stiffness parameters.

According to the assumption of linearity [1, 17, 18] in equations (5, 6), the coefficients 7, £ and k, depending
on the value of the hydraulic stiffness Cp, are constant and they are input parameters.

In a real physical model, they depend both on the generator inputs and on the change in the output
parameter — the displacement x, since:

S(x)*-E
C),=—7"—, 7
T @)
and therefore require correction.
We obtain the transfer functions for the system from equations (6, 7):
X(s) kq
W"l(s)_Xl(s)_T252+2-f-T-s+1 ®
and
W (s) = X(s) ka 9
x2S T X,(s) T2s242-8-T-s+1 ©
We obtain the frequency transfer functions by applying the Fourier transform to expressions (6, 7):
X(jw) ky
CN _ 1
le(]w) Xl(jw) 1_T2w2+2.j.f.’1‘.w ( 0)
and
X(w) k,
iw) = = . 11
W (j0) X,(w) 1-T?w?+2-j-¢§T-w b
We determine amplitude-frequency characteristics (AFC) from the expressions (10, 11)
W (@) al (12)
w =
! JA-T?w2)? +4-22.T2 - 2
and
Wi () & (13)
w) = ;
. JA-T?0?)? +4-22-T2 - w2
» phase-frequency characteristics (PFC)
2.6 T w
Px12)(@) = —arctg 177 a7 (14)

To analyze the operation of the vibration mechanism in the future, we will use logarithmic frequency
response (LFR):

Lx1(2)((1)) =20- lg(le(z)(ﬂ)))- (15)

By making structural transformations of the diagram (Fig. 2), we obtain for the pressure drop dp in the
working cavities of the actuator:
* transfer functions:
kl(T252+2-f-T-s+%)
)
T?s242-&-T-s+1

Wap1(s) = (16)
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and

kz(T232+2-f-T-s+g—g)

W, = 17
W) =y E T st an
+ frequency transfer functions:
k (R-T20+2j-£-T0)
W (i) = z 18
ap1U©) 1-T2w2+2j-§T-w (18)
and
k(R -T2 +2j-£-T-0)
W (i) = z 19
a2(j) 1-T2w2+2-j-§T-w 9
From expressions (18, 19) we obtain expressions for:
+ AFC
C 2
ky [(2-T2w?) +4-82-T2 w2
J@r o
Wap1 (@) = (20)
w JA-T?w?)? +4-82 -T2 - 2
and
C 2
kz\/(c—;’—Tzwz) +4-82.T2. 2
Wapz (@) = (21)
e JOA-TZ0D)2 +4-22 -T2 2
« PFC
2:¢w-C,
Pap12)(W) = —arctg( (22)

Cz_m‘(l)z)'(Co_m'(l)z)—4’fz’T2
To analyze the operation of the vibration mechanism in the future, we will use logarithmic frequency
response (LFR)

Lap12)(@) = 20 - Wypq2)(w). (23)

2. Experimental Part

The experimental studies of the dynamic characteristics of the oscillating system of the mechanism were
carried out on a stand (Fig. 1).

The stand consists of the following main elements:

* an actuating vibration element with an internal diameter of dgy =0.01 m and an operating pressure of
Pon=24 MPa;

* a volumetric axial-type oscillation generator with adjustment of the supplied volume W;=x,-S;by changing
the stroke value x; of pistons with an area of S,=2.6- 10* m? ;

* a volumetric axial-type oscillation generator with adjustment of the supplied volume W,=x,-S, by changing
the stroke value x, of the piston with an area of Sz=2.6~10'4 m?;

* a generator drive adjustable in terms of rotation speed @, and a»;

« a system for feeding leaks, maintaining and regulating the average pressure in the operating cavities of the
hosepipes.

The mass of the moving parts of the mechanism is m~4 kH-sec*/m.

The experiment was carried out with separate excitation of elastic shells by generators.

The purpose of the experiment is to determine the values of the resonance frequencies of the displacement x
and the pressure drop dp.

The next values were determined in the result of the experiment:

+ the resonance frequencies of the displacement of the “output link” x
- the main w;,:

Cs
m

Wy = ~ Hz; (23)

- additional wy'=~13...18 Hz;

» pressure drop resonance frequencies dp:
- “positive” w ,=w,= wo;
- “negative”
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C
Wy = \/% ~ 3.5 Hz. (24)

w
=— ~0.1m?/H. (25)

+ relative damping coefficient

There were determined the system parameters based on the data (23-25):

* rigidity — Cs~2.5 MH/m, Cp=0.6 MH/m, Cy=1.9 MH/m

* viscous loss coefficient a~=200 Hsec/m

We obtain the calculated frequency response and phase response for displacement x and pressure drop dp for
both generators (Fig. 4, 5) for different values of their amplitudes X, and X;, substituting the values into expressions
(12-15, 20-24).

The calculated resonance peaks coincide in frequency with the experimental ones due to the fact that the
parameters determined from the experiment were substituted into the expressions. At the same time, a comparison of
the nature of the asymptotes and the resonance values allows us to conclude about the admissibility of the accepted
linearity.

Conclusion

The analysis of the diagrams (Fig. 4, 5) showed:

« that the slope and position of the calculated and experimental LAFC and LPFC qualitatively coincide, and
the magnitude of the resonance peaks lies within the error limits of 15%;

* that the maximum LAFC for displacement x is observed in the case when the phase angle between the input
X1(2) and the output x ¢,(2) (2) is equal to —m/2;

+ the resonance in pressure drop occurs at frequencies @, wg, with a phase shift ¢,,(2) equal to +m/2;

* in the transresonant mode at m—>oo the magnitude of the oscillation amplitude of the “output link” tends to
zero, and the pressure drop remains practically unchanged.
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Fig. 4 — LAFC and LPFC of the high-frequency generator: Fig. 5 LAFH and LPFC of the low-frequency generator: o-
o- calculated; A - X1=2 mm, [1- imput Xs=1.5mm, O - X;=1 mm, O - calculated; A - X1=2 mm, [ - input Xs=1.5 mm, < - X4=1 mm, O -
imput X1=0.5 mm input X1=0.5 mm
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The experimental study method of the dynamic characteristics of the mechanism in two stationary modes
(first with one high-frequency generator operating, then with a low-frequency generator) consisted of obtaining
experimental amplitude-frequency and phase-frequency characteristics of the following quantities:

* output signal x;

* pressure drop dp;

* phase shift angles @) and Qg1 (2.
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