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Global Coupled Dynamical Modeling of Axial Piston Pump

Xu Rui  Gu Lichen
(Institute of Mechanical and Electronic Technology, Xi’ an University of Architecture and Technology, Xi’ an 710055, China)

Abstract; In order to make the global coupling characteristic researches of axial piston pump possible,
this paper analyzed the configuration and the coupling situation between the subsystems, and then a bond
graph modeling method based on array was proposed to develop the dynamical model of piston pump. The
energy loss factor was defined which contains swash plate angle, contact length between the piston and
the cylinder, piston pair and slipper pair friction coefficient. So the state space model of piston pump was
obtained by the tribology and dynamics coupling mechanism analysis of piston-slipper subsystem. The
dynamical equation parameters of the subsystem which contains nonlinear factors are integrated in the
global coupling dynamical model of piston pump clearly and concisely. The simulation results show that
the coupling between the ripple of flow and pressure and the fluctuation of speed and torque becomes
more obvious under high pressure, and the fluctuation of speed will influence the ripple of flow and
pressure seriously when its amplitude reaches a certain level. The simulation results of piston pump
running state and efficiency variation are in agreement with the actual situation. So the global coupling
dynamical model of piston pump is effective and correct. Compared with the traditional local model of
piston pump based on the assumption of constant pressure or constant speed, the global coupling
dynamical model of piston pump established in this paper can be used to investigate energy saving and
noise reduction, fault diagnosis, volume control and nonlinear dynamics analysis realistically.

Key words: axial piston pump; global coupling; power bond graph; dynamical model
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Fig. 1 Two ports network energy transfer

model of piston pump
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Fig.3  Global coupling block diagram of

piston pump subsystem
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Tab.1 Parameters of simulation system
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Fig.7 Steady-state local time domain waveforms (n =2 000 r/min)
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Fig. Steady-state local time domain waveforms ( working pressure at 10 MPa)
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Fig.9 Internal coupling situation of piston pump (n =2 000 r/min)
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Fig. 10 Internal coupling situation of piston pump ( working pressure at 10 MPa)

Bl FEZERERE O R

Fig. 11 Comparison of outlet flow and pressure of piston pump
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Tab.2 Mean results of simulation

P, n, 0, 0, AQ, 0, T, T, T, T,
/MPa /(remin~'") /(Lemin™") /(L-min~'") /(L'min~') /(L:min~') /(N-m) /(N-m) /(N-m) /(N-m)
10 1414 73.53 73.21 72.01 1.20 80. 80 80. 08 66. 66 13.42
10 2000 104. 00 103. 43 102. 25 1.18 81. 86 80. 56 66. 66 13.90
20 2000 104. 00 103. 23 101. 07 2.16 172. 05 171. 50 148.78 22.72
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