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ANALYSIS OF THE HYDROSTATIC LOAD
OF THE CYLINDER BLOCK IN AN AXIAL PISTON PUMP
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Summary. The paper offers an analysis of the hydrostati lof the cylinder block — valve plate
system in an axial piston pump. Calculation modélbyalrostatic pressing and repelling forces
operating between the cylinder block and the vallate are presented. The degree of relief and
trajectories of the gravity centre of the resultaydrostatic forces applied to the cylinder blook a
investigated.
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INTRODUCTION

Axial piston pumps are applied in a number of indes. It is so, because these
pumps can operate with high pressures and high pgowlésplaying at the same time
high efficiency coefficients defined as the ratfgower to mass or volume. This type of
displacement machines is usually employed in tiedsystems of rather complex de-
vices having greater requirements with respecffioiency and effectiveness. It is there-
fore necessary to further improve the exploitapanameters of these machines by mod-
ernizing their design [Osiecki 1998].

Designing the valve plate-cylinder block systenon® of the most challenging con-
structional tasks involved in the process of depielg the machine. The construction of
the valve plate is determined by several cruciabpeters, including high efficiency,
high pressure, low noise, and high durability.

Typically two types of valve plates are appliedaxial piston pumps: flat and
spherical ones. In spite of certain disadvantathesflat type is more popular as its pro-
duction is simpler [Stryczek 1995].

AIM OF THE PAPER

The aim of the paper is to analyze the hydrosfatices operating in the gap be-
tween the cylinder block and the valve plate. Theme pressing forces acting on the
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bottoms of the cylinders in the cylinder block &hd hydrostatic repelling forces push-
ing the cylinder block apart from the valve plafbe analysis utilizes computer simula-
tions.

ANALYSIS OF HYDROSTATIC PRESSING FORCES

As the cylinder block rotates the number of acpigons under pressure varies. This
number is determined by the following formula:

imax=2/2 + 0.5
imin=2/2—-0.5 (1)
where:
z— the total number of pistons in a pump.
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Fig. 1. The cylinder block—valve plate system: @pperation of the cylinder block with the valve
plate, b) extended view of the cylinder block alding radius yfor the rotation angle = 0°, 10°,
20° and 30° with respect to the valve plate
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Fig. 1 presents the cylinder block-valve plate eystvith variable positions of the
cylinder block with respect to the valve plate.

The results of computer simulation investigating ttumber of active pistons under
high pressure are depicted in Figure 2a. The sairfddhe cylinder block bottom was
assumed as 4 0.00010432828 frand pressure as p 32 MPa and the resultant hy-
drostatic force applied to the cylinder block wasained as shown in Fig. 2b.
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Fig. 2. The four and five-piston zone in the cybndlock — valve plate system depending on the
cylinder block rotation angle: a) number of active pistons in the pressure zone,
b) values of the resultant hydrostatic f@ce

As the cylinder block rotates, the cylinders anel fitrces operating therein change
their location. The resultant hydrostatic force e®walong a certain trajectory. The coor-
dinates of the gravity centre for the resultantrbgthtic force were obtained as follows:

R F [5ing,
Xc=—2—— 2
I:i
R F [tosp,
Yc=—2 ()
F

i
i=1

where:
F;— force operating in the i-th cylinder,
R — radius of the gravity centre of the active cgénbottom surface,
i — consecutive number of cylinder,
k — current state of active cylinders in the pressaame [(z+1)/2 or (z-1)/2],
@ — angle assigned to the i-th cylinder

If the forces Fare equal in the cylinders under consideratioraigns (2) and (3)
become
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X'<:=§Di2il:sin¢i (4)
Y'cngiZ::cowi (5)

Fig. 3 presents the trajectory of the local gragiytre of the resultant force derived
from the forces applied to the cylinder bottomgha pressure zone. Fig. 3 shows dis-
crete transition from the four-piston zone to tive{piston zone.
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Fig. 3. Trajectory of the gravity centre of theukant pressing force applied to the cylinder block
in the pressure zone

ANALYSIS OF THE HYDROSTATIC FORCES PUSHING THE CYNDER BLOCK
AWAY FROM THE VALVE PLATE

The forces pressing the cylinder block towardswuhlee plate are counteracted by
the force pushing them apart (the repelling foredjich consists of the aerodynamic lift
resulting from oil pressures occurring in the puesgport and the suction port as well as
the aerodynamic lift resulting from oil pressurewacing in the gap between the sealing
surfaces.

Figure 4 presents a diagram of a frontal ring géph warallel walls occurring be-
tween the rotating cylinder block and the valvag[é&vantysyn and lvantysynova 2001].
The investigation of the liquid flow in the gap &@sed on the following assumptions:

— the flow is laminar,

the co-operating surfaces are rigid,

the gap is of small height and is completely fillgith oil,

the tangent stress in the liquid is subject toNk&ton law,

the liquid is incompressible and of constant viggos

the liquid particles directly adjacent to the rotgtsurfaces preserve the liquid

velocity,

the liquid inertia forces are negligible.
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Fig. 4. Diagram of a ring gap with parallel walls

During a revolution of the cylinder block the argyucope of the pressure, suction,
and transition zone pressure occurring in the upper lower bridge varies. Figure 5
presents a diagram of the pressure distributiortHerstarting position of the cylinder
block.

Fig. 5. Alignment of the cylinder block with respég the valve plate in the starting position
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The angular scopes of the distribution of the presg, upper transition zone pres-
sure £,, as well as the lower transition zone pressgyefor different stages of the cyl-

inder block revolution were determined on the badisomputer simulations and are
shown in Figures 6 and 7.

It is assumed that the angular spaof the cylinder ports, the angular spans of the
upper and lower bridgeg,, and the angular spandg between the pistons are charac-

teristic values of the pump model under considenati
The position of the pressure zoge in the upper location with respect to the coor-

dinate y is determined by the angular parametgr, , and in the lower location by the
parameterdy, (Fig. 5).
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Fig. 6. Angular scopg of the high pressure depending on the cylindetlbtotation angle
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Fig. 7. Angular scopes of the transition zones ddjpgy on the cylinder block rotation angle
a) uppetyg, b) lowerey

In order to investigate the hydrostatic relief fsadepending on the cylinder block
revolution, a simulation calculating model was deged. The model operates according
to the following procedure:
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— determining the geometrical and exploitation paranseof the cylinder block-
valve plate system g1, I3, 4, 0m, 0, 4@, prand p),

— determining the area where the main zone presgutiee upper transition zone
pressureg and the lower transition zone presstyeperate,

— modeling the pressure distribution in the main zaneé in the transition zones,

— calculating the hydrostatic relief forces actingtba cylinder block in the main
zone and in the transition zones,

— determining the trajectory of the resultant hydatistforce motion depending
on the cylinder block revolution.

In the calculation model the pressure distribuiiothe main zone from the pres-
sure poutside and towards the valve plate was assumbd #logarithmic function. In
the upper transition zorgg and the lower transition zorg the change from pressure to
suction in the circumferential direction as wellfamm and towards the valve plate in the
radial direction was assumed to be linear.

After substituting the geometrical and exploitatfparameters of a Polish axial pis-
ton pump into the formulas (q = 32 &nwhom = 32 MPa and B, = 1500 rev/min) the
resultant hydrostatic relief force was obtaineccbgnparing it to the hydrostatic pressing
force (Fig. 8a). Figure 9b presents the cylindecklrelief coefficient depending on the
cylinder block revolution.

According to the data found in the available litara the cylinder block relief coef-
ficient K varies around 904% [Baszta 1971], 988% [Turza 2005] or 895% de-
pending on the calculation model assumed [Guill®86]l Turza 2005].

The current investigations indicate that the coédfit K is about 8597% (Fig. 8b).
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Fig. 8. Cylinder block load depending on the reviolustage: a) values of the pressing forces
and of relief forces, b) values of the cylinderdiaelief coefficient

When the cylinder block is rotating the resultapdidostatic relief force is moving
along a certain trajectory. Figure 9 presents tieutated trajectory of the gravity centre
of the resultant hydrostatic relief force in compan to the trajectory of the gravity
centre of the resultant hydrostatic pressing force.
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Fig. 9. Trajectories of the gravity centres of tesultant hydrostatic pressing forcgF
and of the resultant hydrostatic relief foregF

It follows from Figure 9 that the trajectories dotmatch, which may result in the
cylinder block assuming a slanted position so ithiatnecessary to correct the construc-

tion of the cylinder block-valve plate system.

CONCLUSIONS
On the basis of the investigations discussed imptksent paper the following con-

clusions can be arrived at:

1. The calculation method described makes it possibldetermine the degree of
hydrostatic relief of the cylinder block dependowits revolution angle.

2. The trajectory obtained of the gravity centre &f Hydrostatic relief forces act-
ing on the cylinder block enables an assessmetiteofaults (if any) in the cylinder
block-valve plate system construction and proviteshods of its modification.

REFERENCES

Baszta M. T. 1971: Maszinostroitielnaja gidrawlikéaszinostrojenie, Moskwa.
Guillon M. 1966: Teoria i obliczanie uktadéw hydliaanych, WNT Warszawa.
Ivantysyn J., Ivantysynova M. 2001: Hydrostatic Pgnand Motors. Akademia Books Interna-

tional, New Delhi.
Osiecki A. 1998: Hydrostatyczny ngbmaszyn. WNT, Warszawa.

Stryczek S. 1995: Nag hydrostatyczny, tom 1, WNT, Warszawa.
Turza J. 2005: Stanovenie geometrickych rozmerdeémého rozvodu axialneho piestového

hydrostatického prevodnika. Acta Hydraulica et Pnatica (Slovak Society for Hydraulics

and Pneumatics), 2, s. 69-75.



