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Abstract

In the present work, the methodology of modeling an swashplate type axial piston pump in a
multibody dynamics framework is developed. The swashplate type axial piston pump is a type of
rotating machine which is widely used in hydraulic power systems for industrial and mobile
applications. There are several studies carried out on modeling and analysis of axial piston pumps. The
1D flow models are developed to study the pressure ripples and leakage. The 3D modeling of the fluid
flow using Navier-Stokes or Reynolds equations and CFD or finite difference solution techniques is
used to study the flow behavior at a specific interface. The coupled 3D flow and mechanical dynamic
models at a specific interface are helpful in lubrication studies. The dynamic modeling of the pump
using 1D models or Bond-Graph techniques enables the study of the swashplate motion and the
controls performance [1,2]. In addition to the above, the structural design and optimization, estimation
of fatigue life, and improvement in noise and vibration are important considerations in the pump
design. The 3D dynamic modeling and analysis of the constraint reaction forces is critical for
addressing these issues. The kinematic modeling [3,4] of the pumping mechanism is an important step
in the overall dynamic modeling of the pump. The multibody dynamic method provides an ideal
framework for modeling the dynamics of the pump [5,6].

The dynamics of the pumping mechanism is studied using analytical modeling which is
validated through numerical simulations. The modeling is carried out using a multibody dynamics
framework considering the 3D dynamics of the major components in the pumping mechanism and the
pressure forces acting due to the hydraulic fluid. The equations of dynamic equilibrium for the
different components are developed using the augmented Newton-Euler formulation [7]. The pumping
mechanism dynamics is formulated as an inverse dynamic problem and closed-form solutions for the
constraint reactions are obtained. The analytical models are developed for the general case of the axial
piston pump mechanism having N pistons. The numerical model is developed using the equations of
motion in the augmented Newton-Euler formulation with Lagrange multipliers. The closed form
solutions are compared with numerical simulations. The time variation and the frequency spectrum of
the constraint reactions are studied for the case of single pumping piston and nine pumping piston
configurations. Also, the influence of swashplate angle, pressure ripple, and rotating group design
parameters are being studied.

The dynamic modeling is carried out by developing the differential EOMs using the
augmented Newton-Euler formulation where the constraint reaction forces are explicitly
considered. The equations are developed for the individual components in the form,
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Where [ ] is the mass-inertia tensor, {q } is the vector of generalized coordinates,
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{QC } is the constraint force vector and {F‘* } is the external force vector.

A numerical model is developed to validate the analytical closed form expressions. In the
numerical modeling of the pump dynamics, the governing dynamic Equations are developed using
augmented Newton-Euler formulation with Lagrange multipliers. This formulation leads to symmetric
coefficient matrices with a sparse structure.

Next, by solving equation (1), the closed form expressions for the different constraint

reactions viz., horizontal swashplate bearing force( Reox ), the vertical swashplate bearing force( Rebz ),
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control piston force( Re ), horizontal swashplate bearing moment( Msbx), vertical swashplate bearing

moment( Mp, ), reaction forces at driveshaft-cylinder barrel interface( Rbsz, RbsY), and moments at the

driveshaft-cylinder barrel interface( MbsY, Msz) are obtained. The Equation (2) gives the expression
for the force exerted by the swashplate on the bearings.
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Figure 1 shows the variation in the forces for the nine piston configuration. Figure 1(a) show the
variation in the bearing forces and Figure 1(b) shows the variation of the control piston force.
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Figure 1 Bearing and Control piston forces in a nine piston configuration

The frequency spectrum of the constraint forces are studied using fast fourier transforms
(FFTs). Based on the study the dominant forces and their orders are identified. The parametric studies
are being conducted to evaluate the influence of design (swashplate angle, pressure variation, rotating
group design parameters) and operating conditions on the dynamic excitation forces produced by the
pump.
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