%537 % 4 2 W) o ML M TR Vol.37 No.2
2026 4F 2 Ji CHINA MECHANICAL ENGINEERING pp.275-284

AR5 P St AR R A ) Y R 2 R R B K T %"4‘%5 VEBF 5T

Mgk KB KM=’ WEIET B FT &
X oS BRFES
1LEMNE LSRR AEIRZFR,ET,361024
2EMRKFFEAKBMRKARMFZEARFRE, A1T,361021
3. b FAE B AL IE R E AR, b w, 100076

HZE RO HEERKEDS RS B EBSERNGAELTELG AETHOEERES X424
3 7 %7}%& ﬂ‘i’ff o) A B S 69 IR AR BRZENBEDIAFHINIER., RARLR
o EL5ERAERERSGRMBIZER, ZASHT AR T AT HEERG KD AL ALF HE 5 B
Byl BEE AT A RS R R E A A, TREREAV ARSI R ST @A A R
MERL LI HELARSO DA ARG &, R K 8PS mBEER K, Mm/E NN
BHERPCHBEREERD,EEEN>AEEEBEENZR T AR TALSR, bR REEE N f
BB AmBERR ALESZEREBEER, ARERADGEERXITRET TZHRE L 3{%

SRR R < A ) AR ZE S T MR s BC VR R s B B ) R R SRR 5 T R :

RES RS . THI37.51

DOI:10.3969/j.issn.1004-132X.2026.02.003 FA R = (R IRARSS ) #RIRE (OSID):

3

Research on Vibration and Lubrication Characteristics of Piston Pumps
with Coupled Slipper Pair and Valve Plate Pair Interactions

LAI Rongshen' ZHU Xiaoteng'? QUAN Yunqing® MIAO Kefei’ YE Shaogan® BAO Yue’
LIU Huixiang® ZHAO Shoujun’
1.School of Mechanical and Automotive Engineering, Xiamen University of Technology, Xiamen,
Fujian, 361024
2.Pen-Tung Sah Institute of Micro-Nano Science and Technology, Xiamen University, Xiamen,
Fujian, 361021
3.Beijing Institute of Precision Mechatronics and Controls, Beijing, 100076

Abstract: This paper investigated the vibration-oil film coupling mechanism in axial piston pumps
through an integrated dynamics model combining pump component dynamics with slipper/swashplate and
valve plate/cylinder block lubrication models. The model was solved using a combined explicit-implicit ap-
proach with control volume method. Experimental validation confirmed the model effectiveness in predict-
ing vibration characteristics. The results indicate that calculated results of coupled model show strong
agreement with experimental data; in terms of oil film characteristics, increases of rotational speed lead to
greater central oil film thickness, while pressure elevation results in reduces of oil film thickness at the cen-
ter of high-pressure regions. The oil film pressure distribution exhibits periodic variation in sync with the
plunger chamber pressure. leakage increases markedly with both increases of pressure and speed, espe-
cially in high-pressure regions. The coupled model demonstrates superior predictive accuracy compared to
conventional decoupled approaches. The research provides important theoretical support for the design of
axial piston pumps.

Key words: axial piston pump; slipper pair; valve plate pair; coupled dynamics model; vibration char-
acteristic; oil film characteristic
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Fig.1 Schematic of piston pump dynamics model incorporating oil film interactions in slipper-swashplate and valve

plate-cylinder interfaces
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Fig.3 Slipper pair oil film fluid micro-element model
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Fig.4 Slipper pair oil film mesh division and
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Fig.6 Flowchart for solving coupled dynamic model
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Fig.10 Distribution of oil film thickness and pressure fields in slipper pair at different rotational speeds
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