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ABSTRACT

The paper analyzes the dynamic response of the hydraulic units with the specific

character of the hydraulic pressure and transitional

pulse from such

establishments. It is a simplified mathematical model for these components
hydrostatic. The model has allowed obtaining an analytical solution for the
working pressure of systems hydraulic. Are highlightingal the linkages with
dynamic response characteristics,in functional and constructive environment.
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1. INTRODUCTION

It is known from the current practice of operating
the hydraulic systems that most components of
actuators (pumps, motors, control volume, etc) can
reach certain operational conditions, especially in
transitional arrangements, the pulsating operation of
functional parameters (displacements, pressures, flow
rates, etc.). The situations that trigger such transitional
situations of working arrangements can disrupt
components (overload, change in the level of
command, starting and stopping the system, etc.).
These transitional situations can encourage the
emergence of situations of mechanical resonance with
other components of the system which can lead to
undesirable dynamic phenomena with direct effect
premature destruction of components in the system.
The result from this fact is considered in response
pressure and can be shown on the mathematical model
of the dynamic system of these components.

For example, it is considered the model for
density of hydraulic units, described by equations of
the form [1]:

goto.pxp.p=Q and
JortKwtM =q.p; @)

Equations (1) refer to the linear dynamic model
of engine hydrostatic pumps and dosing, which
neglected certain parts with minor effect on the
dynamic behaviour [1], Coulomb-type friction torque
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losses, losses through ventilation proportional to the
flow wvelocity. Starting from the model (1), by
substitution and successive processing, results an
inhomogeneously linear differential equation of
second order, which confirms the pressure response
of the analyzed component
ap+b.p+cp=d; 2)
Equation (2) is an equation with constant
coefficients. They depend on the constructive, the

functional sizes and the specifically used hydraulic
agent. This dependence is given by the relationship:

a=JP/g;b=Ja/qg+KB/q
c=KQ/gq+q;d=M+KQ/q;

Where: J - is the moment of inertia of the motor or
pump being in the rotating movement with instant
angular velocity o;B— is the coefficient that

depends on the compressibility of the hydraulic
medium; oo — the linear coefficient of losses through
the device gaps, proportional to the pressure p; K- the
linear coefficient of torque losses, proportional to the
instant angular velocity w; g- the specific capacity;
Q- volumetric flow component (discharged or
absorbed); M- the active or resistant couple
component. Equation (2) allows determining the
correspondence between dynamic response analysis
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and functional, constructive and hydraulic

environment component parameters, as proposed.

2. RESPONSE OF COMPONENT
ANALYSIS

Studies on numerical models for various
components, also on nonlinear or linear models, have
highlighted the fact that the response of such
transient components is obtained in the form of
graphs as in figure.1.[1];[2];[3];[5]
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Fig.1. Dynamic response of pressure in hydraulic
volumetric units (numerical analysis); ordered -
presume (N/m?, bar); basis- time (sec, min).

And experimental studies [1];[5];[6], have
shown the same alert pressure variation at transient
operation, fig. 2.
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Fig.2. Dynamic response of pressure in hydraulic
volumetric units (experimental analysis); ordered -
presume ( bar); basis- time (sec).

a) Primary circuit pressure variation in the
signal stage of excitation control system of
flow on the pump;

b) Pressure variation on the ramp signal
primary circuit of excitation control system
of flow on the pump.

The analytical solution for equation (2) confirms
both the numerical answer obtained on the model (1)
how and the answer experimentally. To emphasize
the physical layout of dynamic equation, equation (2)
pressure is put in the form:

'p+2np+co%:d/a; 3)

The meaning of terms in equation (3) is the
following [7]:

n- damping factor; wq — natural pulsation; d/a-
factor of excitation.
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Analytical solutions of the equation (3) are:

e Forn®- cog = m1 <0 subcritical operation

is obtained with the solution:

p=pr+e " pycosmt+ pysinmpt); (4)

e For n? - cog =w >0 overcritical

operation is obtained with the solution:
—nt 1t —m1t y.
p=pr+e  (pe™t +pe "); (9)
e For n =wq, critical operation is obtained
with the solution:

—nt .
p=pr+e "(pat+p2); (6
It means that the quantities of solutions (4), (5) and
(6) are: 1 —pseudo-pulsation of transient pressure,

o1 =w0\/1—§2 ;

g — pulsation of pressure;
&=n/mg — damping ratio;
p:- steady pressure (regime pressure);

p:1 si p2— constant dependent on the initial conditions
of the dynamic process with pressure-type meaning.

3. FACTORS OF DYNAMIC
BEHAVIOR

From the identification of coefficients (3) with
dynamic characteristics dignified by the solutions (4),
(5) and (6) we are able to determine the functional
dependency relations for hydraulic components with
functional sizes and hydraulic agent. The considered
parameters are:

e  The damping factor of the pressure:

CaJE+KVg |

; 7
23V, 0
e  Pulsation of pressure:
; ®)
gza.J.E+K.V0/ _—
23V,
e  Steady pressure:
_Ma+KQ. )
2
q°+KQ

The variation of pressure, described by the
solutions (4), (5) and (6) and characterized by the
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parameters of the relations (7), (8), (9) and (10) is
shown in Fig. 3.
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Fig.3.The solutions of the equation (3)
a) subcritical function;
b) supercritical and critical operation

4. CONCLUSIONS

The comparative analysis of the pressure
responses for dynamic behaviour of hydraulic
volumetric units reveals the folloning concluding
remarks:

1. The variation of pressure in time, at least
apparently, shows the same shape for both numerical
nonlinear dynamic model, for the linear model, the
experimental model, and analytical solution for
dynamic model (3);

2. Dynamic behavior of a hydrostatic pump
or motor unit is characterized by variation of pressure
and angular velocity to the shaft, with large variations
of instant value around the amount of the stabilized
regime. Critical, subcritical or overcritical behavior,
depends on the combination of functional,
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constructive and  specifically used hydraulic
environment parameters, and it is described by the
dynamic parameters defined with on the of relations
(7), (8), (9) and (10);

3. From the analysis of relations (7), (8), (9)
and (10) we may find that the phenomenon of rapid
stabilization of pressure and velocity in transitory
regime depends directly on the hydraulic unit
capacity - q, the rigidity of hydraulic fluid, E and the
fluid volume V, between the analyzed hydraulic unit
and the load; on the moment of inertia J of
components in motion with the unit; o - specific
factors of the volumetric and mechanical losses and
K-specific factors of the volumetric and mechanical
losses

5. REFERENCES

[1] G.Axinti; A.S.Axinti-Actionari hidraulice si pneumatice-
vol. I1- Dinamica echipamentelor i sistemelor-Editura Tehnica
— Info Cisinau, 2008, ISBN-978-9975-920-85-9.

[2] Axinti G;Axinti A.S. -Analiza dinamica a sistemelor de
actionare hidrostatica in analogie cu sistemul mecanic oscilant
cu legaturi vascoelastice- in Buletinul celei de-a XXVIl-a
conferinte Nationale de Mecanica Solidelor—Pitesti 23-24 mai
2003 - Vol I-seria Mecanica Aplicata — ISSN-1582-8561.

[3] Axinti G; Nastac,S; Axinti A.S.;Potarniche A -The analysis
of the dynamic response of the hydrstatic driving systems in a
closed circuit- in the anals of ” Dunarea de Jos” University of
Galati, fascicle XIV, mechanical engineering, ISSN-1224-5615;
[4] Axinti G; Nastac,S; Axinti A.S. -Dinamica actionarilor
hidrostatice in circuit inchis. Parametrii dinamici ai sistemului-
in Buletinul celei de-a IX-a editie a Simpozionului National de
Utilaje pentru Constructii-Bucuresti 10-11 dec. 2003-ISBN-973-
8165-73-3;

[5] Axinti,G; Axinti A.S- Model dinamic pentru motoare
hidraulice lente, Conferinta Internationald de Comunicari
Stiintifice, Universitatea Tehnicd a Moldovei, Tehnologii
Moderne, Calitate, Restructurare, Chisinau 2007.

[6] *** Concluzii privind executia transmisiei hidraulice cu
reglaj mixt - Cercetare experimentald [HP Bucuresti 2007 -
(www. ihp. ro / program4 / 2007 / EESAHRS /etape.../
Etapa%?20V.doc,);

[7]1 Bratu, P-Vibrafii sistemelor elastice, Editura Tehnica,
Bucuresti,2000.

60



