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Modelling the load of the piston system in an axial piston pump 
by means of the adina software
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Summary. The paper analyses the load of the kinematic pair 
piston-cylinder block in an axial piston pump. The surface com-
pressive stress occurring between the piston and the cylinder 
block were determined by means of the commercially available 
software Adina, which was used for constructing numerical mod-
els and representing results of the research. 
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INTRODUCTION

Axial piston pumps have numerous industrial applica-
tions. Since they can operate by high pressures and power, 

-

12, 19]. Axial piston pumps are most often used in the 

20]. Needless to say, attempts are constantly made at im-
proving the design and exploitation parameters of pumps 

10, 14, 17, 18, 21]. 
As was mentioned, axial piston pumps have a constantly 

growing range of industrial applications, including such 
branches as 

molding machines),

cokeries),

mowers, harvesters),

bridges).

From among all hydraulic machines, the highest pres-
sures are attested in axial piston pumps [1, 8, 22]. High 
pressures cause high loads of the basic kinematic pairs in 
these machines. Fig. 1 presents forces acting on the piston 
system in an axial piston pump. 

Fig. 1. Load of an axial piston pump

The following forces can be observed: Force F
p
 origi-

nating from pressure in the displacement chamber, dynamic 
force F

a
 of the piston system, centrifugal force F

w
 and fric-

tion F
T
. The friction force F

T
 operates between the cylinder 

and the piston when the latter is moving in the course of the 
work. In the pump work cycle, friction increases load of the 
valve plate, but in the motor work cycle it causes relief of 
the valve plate. 

One of the main sources of energy losses in axial piston 
pumps is the system piston-cylinder block. The two types 
of cylinder lining and the corresponding piston motions are 
presented below [3, 5, 16]: 
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ANALYSIS OF STRESS FORCES 
IN THE PISTON SYSTEM

In the piston-cylinder system in axial piston pumps oper-
ating on the swash plate principle, a radial force F

Wy 
coming

mostly from the force of displacement pressure acts on the 
piston joint. This causes the piston to skew, and subsequent-

R
A
, R

B
 occur between the piston and 

the cylinder. 

Fig. 3. Computational model of surface compressive stress

The surface compressive stress coming from the radial 
force are represented by the following formula [2, 4, 19]: 

, (1)

and the surface compressive stress coming from the 
torque of the radial force are represented as [4]: 

. (2)

The maximum surface compressive stress between the 
piston and the cylinder are [4, 19]:

. (3)

Fig. 4 presents the maximal and minimal values of sur-

cylinder block rotation in the model under consideration.

Fig. 4. Maximal and minimal surface compressive stress as the 

MODELLING THE PISTON-CYLINDER 
CONTACT ZONE

In the study, the ADINA (Automatic Dynamic Incre-
mental Nonlinear Analysis) system was used to simulate 
numerically the effective stress distribution of the kinematic 
pair piston-cylinder in an axial piston pump. The software 
is designed as a dedicated tool for solving problems related 

Fig. 5 presents the algorithm of the simulation subse-
quently applied in the Adina system. 

Fig. 5. Algorithm of the simulation in the Adina system

Fig. 2. Piston moving in: a) sleeveless cylinder, b) sleeved cylinder
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deformation in a two-dimensional space. Such a model in-

important advantages, such as simplicity of modelling, com-
pact size, and consequently, short computation time. There-
fore, the model proves to be useful for testing computations 
related to various problems. 

Fig. 6 presents the discretization region of the piston system.

Discretization region

The discretization uses 4-nod elements of the type 
2D-SOLID.

Fig. 7 presents a mesh of the two-dimensional model of 
the steel piston-steel cylinder system.

Two-dimensional model mesh (steel-steel)

contact zone, obtained for the piston-cylinder system.
Fig. 9 shows a mesh of the two-dimensional model of 

the steel piston-bronze cylinder system.

Two-dimensional model mesh (steel-bronze)

-
tact zone, obtained for the steel piston-bronze cylinder system. 

Table 1 presents selected stress values obtained in the pis-
ton-cylinder contact zone in an axial piston pump for the analyt-
ic model not taking into account the material of which the parts 
are made and the numerical models of the steel piston-steel 
cylinder system and the steel piston-bronze cylinder system. 

The absolute differences in unitary stress were obtained 
for the numerical models and the analytic model with respect 
to the analytic model. The relative values for the numerical 

whereas in the case steel piston-bronze cylinder the relative 

The study carried out therefore lends support to the thesis 
that the construction with a steel piston and a bronze cylinder 
should be preferred over the alternative construction of a 
pump in which both the piston and cylinder are made of steel. 

Huber-von Mises smoothed effective stress distribution in the contact zone, obtained for the steel piston-steel cylinder system
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No.

Cylinder block 
rotation angle

[ ]

Radial force

F
wy

[N]

Analytic
model

[MPa]

Numerical models

Steel
piston and
cylinder

[MPa]

Relative
values

[%]

Steel piston and 
bronze cylinder

[MPa]

Relative values

[%]

1 0 1864.11 32.21 31.68 1.6 30.33 5.8

2 45 1835.63 30.42 31.18 2.5 29.85 1.9

3 90 1774.53 26.55 30.15 13.6 28.86 8.7

CONCLUSIONS

On the basis of the present study, the following conclu-
sions can be put forward: 
1. The numerical models developed with the use of the soft-

ware Adina enable determining the values of stress forces in 
the kinematic pair piston-cylinder of an axial piston pump. 

2. In the case when the piston is made of steel and the cyl-
inder block is made of bronze the surface compressive 

the piston and the cylinder are made of steel. Supposedly 
it is caused by different strain and material properties of 
steel and bronze.
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