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Abstract: It is well known from the exploitation activities of hydraulic driving systems that the 
undissolved air into the hydraulic agent of technological equipments actuating system generates the 
negative effects regarding the system behavior. These negative effects are due to the cavitations 
phenomenon, the intensive acoustical phenomenon, as a fact of dynamic characteristics changing of 
actuating system (natural pulsation, damping parameter, disturbing factors, the frequency of pressure 
oscillations, etc). This paper presents the qualitative and quantitative analysis of undissolved air 
percentage influence on hydraulic system dynamic behavior. There are deduced and presented the 
mathematical model of these influences. This analysis provides a strong argument to avoid of dynamic 
phenomenon due to the air absorption in hydraulic systems. Hereby this study is very useful both for 
designers, and for researchers on the technological equipments with hydraulic actuating area. 
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1. INTRODUCTION 
 

It is well known the fact that the air pervaded into 
the hydraulic driving system leads to negative 
effects due to the cavitations phenomenon and the 
modification of the elastic characteristics of 
hydraulic agent. These modifications have a direct 
implication on the compressibility increasing, and as 
a natural consequence, on the increasing of the 
hydraulic capacity of the hydraulic agent. The final 
effect of these changes consists by dynamic 
characteristics modifications of actuating system, 
which means aggravation or even losses of the 
system stability. 

From the theory of the hydraulic systems with 
automated regulators, and from the classical 
approaching of these kind of systems, for the 
execution bangle of the actuating system (pump- 
motor), the differential equation which describe     
the pressure variation into the system due to the 
abrupt increasing of the moment on the motor shaft, 
is [1], [3] 
                    Pppp =++ 2..2 ωωξ &&& ;                    (1) 

 
where: p is the instantaneous pressure in the system 
due to the increase of the moment ME; ξ is the 

damping factor; ω is the natural pulsation of the 
system, and P represent the disturbing factor on the 
system having a dependence with the moment ME . 

The modification of the hydraulic agent elasticity 
modulus in respect with the percentage of 
undissolved air volume into the fixture [3], [4] is 
dignified by the expression 
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and the variation in respect with temperature [3], [4], 
for values domain 15-100 o C, is 
 
                         )](1[ oo ttkEE −−= ;                   (3) 
 
where: Eo is the elasticity modulus at 15 0C 
temperature value; k is an experimental coefficient 
(for hydraulic oil k = 8,5.10-3); Vt is the total volume 
(air + liquid); V is the undissolved air volume; to is 
the normal initial temperature, to = 15o C; p, t are the 
instantaneous  pressure and temperature thereupon 
the evaluation are doing. 
 
2. THE DYNAMIC PARAMETERS 
EVALUATION AS FUNCTIONS OF 
UNDISSOLVED AIR VOLUME 
 

Let's consider −υ  the undissolved air 
percentage in the total volume of fixture, as follows 

 
           tVV .υ= ;                             (4) 
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Supposing 
 

                  λ=max0 pE ;                           (5) 
 
which represent the specific rigidity of the hydraulic 
agent. This parameter characterize the hydraulic 
agent rigidity pertained to maximum working 
pressure of considered system. 

With notations (4) and (5), the expression (3) 
become 
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and represent the variation law of elasticity modulus 
of the hydraulic agent in respect with undissolved air 
percentage υ . 

The next expression 
 

                    ψυλ =+ .1 ;                           (7) 
 
means the changing parameter of hydraulic agent 
elasticity modulus. 

Taking from the speciality literature the 
expressions of dynamic parameters which 
characterize the actuating system, results  

 The hydraulic capacity of the system 
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 The natural pulsation of the system 
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 The pseudo-pulsation of the pressure 

oscillations into the system 
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 The damping factor of pressure oscillations 
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where hoCJN ./. γα= ; −γα ,, J are the constants 
proper with the system. 

 The disturbing factor of the system 
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3. CASE STUDY 
 

For this analysis it was considered the case of 
hydraulic driving system with rotative motor, 
composed by the pump type F120 and the motor 
type F125, which actuate an equipment with 
moment of inertia value of 50 kgm2. The hydraulic 
agent was additivated hydraulic oil type H46A, and 
the total volume of the agent was Vt=50 l. It was 
supposed that maximum value of undissolved air 
had 1% of Vt, which means o,5 l.  

It was analyzed the variation of dynamic 
parameters in respect with undissolved air 
percentage between 0.1% and 1%. 

The analysis results were presented in figures 
1...5. The diagrams with index 1 refers to pmax=15 
MPa, and those with index 2 refers to 35 MPa. 

 

 
Figure 1. )(υψ f=  
 

 

Figure 2. )(υψ f=  
 

 
Figure 3. )(1 υψ f=  
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Figure 4. )(1 υψ f=  
 

 
Figure 5. )(21 υψ f=  
 
4. CONCLUSIONS 
 

The results of this study leads to the main 
conclusion according with the dynamic parameters 
of a hydraulic actuating system have strong 
influences due to the undissolved air into the system 
fixture.  

Thereby 
- the elasticity modulus of hydraulic agent with 

only 1% air content decrease from the nominal 
value  Eo=17,5.108 N/m2 to the half of this value, 
with pressure increasing from 15 MPa towards 
35 MPa; 

- the hydraulic capacity of the system with only 
1% air content increase unto the double of the 
nominal value, with decreasing drift to 150% 
with pressure increasing from 15 MPa towards 
35 MPa (fig. 1); 

- the natural pulsation of the system with only 1% 
air content decrease unto the 60% from the 
nominal value, with increasing drift to 80% with 
pressure increasing from 15 MPa towards 35 
MPa (fig. 4); 

- the damping factor of the system with only 1% 
air decrease towards half of the nominal value, 
with increasing drift with pressure increasing 
from 15 MPa towards 35 MPa (fig. 5); 

- the disturbing factor of the system with only 1% 
air decrease towards half of the nominal value, 
with increasing drift to 70% with pressure 
increasing from 15 MPa towards 35 MPa (fig. 3). 

The nominal values of Eo, Cho, oω , oξ , Po refers 
to the values obtained in the next initial conditions: 
15o C temperature and 0.1 MPa pressure. 

Dynamic parameters changing have the effect of 
good working state falsification of hydraulic 
actuating system, even if the content of undissolved 
air have small values (under 1% of total volume).  
The falsification of working state means increasing 
of the stabilization time duration, preponderant 
transitory regime of working state, loss of stability 
and command precision of the system, cavitations 
phenomenon advent, and emphasis of the noise due 
to the fixture. 
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