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Multi-objective Optimization of Cylinder/Valve-plate Sealing Ring
in Axial Piston Pump Based on Genetic Algorithm

YE Shaogan GE Jigang HOU Liang MU Rui BU Xiangjian
(Department of Mechanical and Electrical Engineering, Xiamen University, Xiamen 361021, China)

Abstract. In order to improve the lubrication performance of the cylinder/valve-plate interface of a small
axial piston pump, an oil film lubrication model was established based on the force analysis of the
cylinder block. With leakage, cylinder overturning angle and viscous friction torque as the optimization
objectives, the structural parameters of the valve-plate seal ring were optimized by multi-objective non-
dominated sorting genetic algorithm (NSGA —1I ), including the radial dimensions of valve-plate sealring
R, ,R,,R,,R, and the starting angle 0 of the waist groove. Considering the micro tilt motion and macro
rotation motion of the cylinder block, the dynamic change process of the wedge oil film was simulated.
The pressure distribution of the oil film on the cylinder/valve-plate interface was obtained by discretizing
the Reynolds equation by the finite volume method. The results showed that the size of the outermost edge
of the seal ring had little influence on the lubrication performance of the oil film, while the starting angle
of the waist groove and the size of the inner edge of the seal ring had large influence on the overturning
angle of the cylinder. After the optimization of the structure of valve plate, the comprehensive lubrication
performance of the oil film was improved by 5.4% , and the overturning angle and leakage rate were
decreased by 3.8% and 29. 6% , respectively.

Key words: axial piston pump; valve-plate sealing ring; multi-objective optimization algorithm;
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Fig.5 Influence curves of R, size on leakage

K6 o R G SUEL A B9 52 it 2. i 5] 6
ALY R, =6.8 mm W, SLAKA B Mok, H Y
R AL TF T W St GOARBURT A AN W7 0, (R AE R,
M 6.8 mm FRES] 6.7 mm B, GTABUEL A 9/ W
DSBS R JFAR Ty 5 A9 S M A O, a7 50 10 20 A G
LA B AR S R, BT A o R 2 3 BORE 26 2 i
JIJEL 87 AT BE R

1.0x102

-~ R=6.7Tmm - R =7.0 mm
g S R1:6A8 mm —R1=7,l mm
& 9.0x107
x
:% 8.0x1073
&=

7.0x10°3 : : : : - ]

60 120 180 240 300 360
Frfael)

P 6 R, X (LM ABTEL A 1 52 h 2%

Fig. 6 Influence curves of R, size on overturning angle
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Fig.7 Influences curves of R, size on viscous friction torque
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Fig. 11 Influence curves of R, size on overturning angle
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Fig. 12 Influence curves of R, size on viscous friction torque
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Fig. 13 Influence curves of R, size on leakage
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Fig. 14  Influence curves of R, size on overturning angle
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Fig. 15 Influence curves of R, size on viscous friction torque
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Fig. 16 Influence curves of R, size on leakage

LOX10Zr R =0.5mm ---R=9.6 mm -R,=9.9 mm

2%
LN i
A X
A /
\
\
\,

9.0x10* |
8.0x107

s

7.0x1073F

BT A 11 /(°)

60210 60 120 180 240 300 360
7 fifol(©)
B 17 R, ARASU £ Y 5 il 2%

Fig. 17 Influence curves of R, size on overturning angle
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Fig. 18 Influence curves of R, size on viscous friction torque
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Fig.21 Influence curves of starting angle 6 of waist

groove on leakage
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Fig.23 Influence curves of starting angle 6 of waist

groove on viscous friction torque
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Fig.24  Optimization flow chart of valve plate seal ring structure
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