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Numerical Analysis for Textured Port Plate of Axial Piston Pump
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Abstract

In order to deal with the problems in axial piston pump such as uneven loading of port plate pair,
offset load moment of port plate and bad lubrication of port plate pair in low pressure area, textured port
plate in low pressure area was studied. An analysis model was established to study the effects of
diameter, depth and area ratio of micro-dimple on load carrying capacity and compensating torque. The
results showed that the micro-dimples with greater dimple diameter could induce higher load carrying

capacity and compensation torque. The optimum dimple area ratio was in the range of 12% ~ 18% and

the dimple depth gave an obvious affection on load carrying capacity and compensation torque.

Key words

torque

518

C I ) S i 1) R 2 R A — X G B R 4 D T A
Al T AR B A 95 1 DR Al 1) A 28 2 TR 00 4 19 G
Bt o 24 A ) RE E A TR AL R AL BT i
UL B 2 PO T R B — %o PR AR o UL ) A T
PRI 52 2 2 5 N 2 R0, HEE T 8 (R 5 Ak
(1 73 A R+ 3 52 0%, [ N Sh 2 3 B S 0 A R 9 1E IR
IRGCHEAT T 22 07 W g BF 5 A0 A 2 ek B AT T 9

Weks B3 . 2010 -07 =20 {& 5 H . 2010 — 09 — 04

Piston pump, Port plate pair, Surface texture, Offset load moment, Compensation

I 1 T 155 0 7 S 0 i B R R AT F 5, % T A
(9 JE 7 43 A A 47 3 G B0 B 28 03 SR AE 7, DL S|
i 8 A1 1) T 9 2 ) 2 P A0 23 5 I L 1 R 4 oy
— AN T 1 i A G

ST SUR AR, 2 4 70 JBE 45 ) 2 [T A0 T e A
G AT B T AR LA A B0 A R R ) A e
2R A I VIR A B H B, R E LR Rk
ML LI E R S R
2 L2 W], 3% THG PR B DB/ I L A ) BB 452 0 R AT

w ERK AR E S A BT A (50675101) FIVL I3 4 53 1o B A 58 A BB BT 1 40 9% B 55 B (CX10B_093Z —05)
TEE R A MU0, A, 2RO TR F R, 32 2 R T TAEAFST , E-mail: B6232009@ 163. com
BIWAEE: F0E, #87, T EMNFEE LIS, E-mail ; x]_wang@ nuaa. edu. cn



204 g ol Bl ¥

2011 4

TC I A AL APF F) B 19 0 o AR SCHUIHS 2 T 4R O T T
c I A 45 4 O AF 5 o

1 REXA#HE

A ) 2 2 T I R T DX RUR Al R G TR AN T
Joe 7 S i A 2 2 T AL AR P AR T O B B
W sl sk BN, TC U A58 181 5 A 3y, G A 5 T 3 i 1Y
JEE 5 AT S D' T Y T IC A A8 A ARG L DX P A A
W B A S B XD B A RO Bl ML A Y SR T
FT 2 A DA g A AR s X018 3% i A SRR e I e X
R ik 3ok 5 ) AR 2R 8 7, ol TC 9L 4 AR T A 19 32 g R
P g 7 AR R g AT AR G M A A g s DX 0 i 2
HCT TAR Z o AMEE T ), DT /D w85 e XA s 3%
Ji o TR T 45 R RE AT 7 T BRI
P4 < Je A% Jo, e O T I ) 4 TR ) 1 0 RS 4, D IR
DX (3L 90 9 o0 A, o o 1 s X 019 PR I IR S o IR
SE hg 2278 G TC U A58 1) ) Bt 9 VR By Ay RS
MIBT AR e MU s O MIE i AU

wR X

B 1 T R W4V O R s B
Fig. 1 Schematic diagram of textured port plate pair
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Fig.2  Schematic diagram of mesh generation

2.2 hREH
T il i R R I R )R R 2 A R IR
Iy 3 A K A B T G AP XL A o



£ 6 0]

S g T 45+ Sl i A A 2 T U R ARG TR DX A 1 BB O3 205

S || 1Bl e N (1 S B [ NP S I A
FAF 3 AR IN a b cd o Rl D Ry At
WO TR, P HLR IR @ e 7R RO U H
2, Uiy He i 1 s g5 18 1 MR 4 A C AL ) A s ot
R T ) SR SR 5 A FOR AU B AR, B
He, B R A

R

P30 L & A R D 0 R R A

Fig.3  Pressure boundary conditions of port plate pair
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Fig.4 Dimensionless pressure distribution map of port plate
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Fig.5 Pressure,offset load moment for various inlet pressure
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Fig.6 Dimensionless pressure distribution map
of textured port plate pair
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Fig.7 Relationship between dimensionless pressure

and depth of micro-pits
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Fig.8 Relationship between dimensionless compensation

torque and depth of micro-pits
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Fig. 10  Relationship between compensation torque

and area ratio of micro-pits

YA R R B MR DL K BOM R] TR AE 12% %)
18 % 22 [8] 7 A= 1) JG 1t 44 7K 28 7 F UG 1 49 #0435 D0 46
BORAETH RN T 12% FIK T 18% B, JC it 24
HRER ) TG i A AN D HE A R R e R B
Bl I B % B % G it 40 R 3K ) 5 R X R EL 7
I 8 [ 2s R — 8, a5 & BAE B M BT B
#4100 wm 200 wm 400 pm A4 JE LA B4 A
4548 o



S g T 45+ Sl i A A 2 T U R ARG TR DX A 1 BB O3 207

F4 B T 2 3t A R 4 TG B 200 7 A8 T A I A M g
JH 5 TR M1 370 1 T AR 3 6 I B 44 7K 3 T R I e 0 A £

(1) R XA i A JE AR B B T A — R, Al I e P F7E 12% ~ 18%
TR ON 7 A — 5 B R 80y, — R b 20 Bl 0 R R AR ) R O R e R TR
REAT 28 IR T TIC U 4 1) O 3800 L, A8 T BCOR AR RTMT R RE i IE VAT B A A I B A R R R M
IARENBEIE LS B e 1k R R 2 MM T A

(2) BAETH R LR R M A 2E R ERER

& % x Wt

SCE MM, R BE . BH AR T % 2 A i 150 A 0V LB A BUE R LT ). A ML A, 2006,37 (12) 1155 ~ 158.
Ai Qinglin,Ji Shiming, Yang Huayong. Numerical simulation on lubrication mechanism of damp groove type continuous oil
supply port plate/cylinder block in axial piston pump[J]. Transactions of the Chinese Society for Agricultural Machinery,
2006,37(12) :155 ~158. (in Chinese)

M, A d e 3. e A 2 R T TG I A TR AE 2 RS I (] RO LB 4R ,2009,40(9) 2209 ~213,170.
Wang Bin, Zhou Hua, Yang Huayong. Real-time measurement on lubrication characteristic parameters of plane port pair in
axial piston pumps[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009,40(9) :209 ~213,170. (in
Chinese)

PO AR T, AN G A SR A O X B el R ZE R G U R I W R RS2 (] ROl TR AE R, 2009,25(12)
114 ~117.

Hu Jibin,Zou Yunfei, Li Xiaojin,et al. Influence of elastic deformation on lubricating characteristics of port plate pair of axial
piston pump[ J]. Transactions of the CSAE,2009,25(12) :114 ~117. (in Chinese)

Wang X, Kato K, Adachi K. The lubrication effect of micro-pits on parallel sliding faces of SiC in water[ J]. Tribology
Transactions, 2002, 45(3) : 294 ~301.

Wang X L, Koji K, Koshi A, et al. Loads carrying capacity map for the surface texture design of SiC thrust bearing sliding in
water[ J]. Tribology International, 2003,36(3): 189 ~197.

TR, EWET , PG, . IR TR 00 1M 470 3 T A X 3L 0K 3l 1 PR RE RS2 ma [T ]. 7 A0 28 Ui R R 2 24 41, 2010,
42(2):209 ~213.

Yu Haiwu, Wang Xiaolei, Sun Zao, et al. Theoretical analysis on hydrodynamic lubrication of cylinder micro-dimple surface
texture[ J]. Journal of Nanjing University of Aeronautics & Astronautics,2010,42(2) :209 ~213. (in Chinese)

Etsion 1. Improving tribological performance of mechanical components by laser surface texturing[J]. Tribology Letters,
2004,17(4) . 733 ~737.

Etsion I, Sher E. Improving fuel efficiency with laser surface textured piston rings[ J]. Tribology International, 2009 ,42(4) .
542 ~547.

XULIME , i K . R T DX Ik 0 A 15 14 80 3% T O M 0 98 O AT ——SC A A R S S [ 1] B 4 A ¢ 4, 2007,
27(6) :555 ~560.

Liu Hongbin, Meng Yonggang. Hydrodynamic lubrication analysis of textured surfaces with the domain decomposition method-

effect of texture distribution patterns [ J]. Tribology, 2007 ,27(6) :555 ~560. (in Chinese)

10 Jradta, ke, i SUl B0 BE -2 ERE RS2 R [ ], U8 5 %% &), 2009,34(2) « 94 ~102.

Li Jianquan, Zhu Hua. Surface texture and its influence on tribological properties [ J]. Lubrication Engineering, 2009,
34(2):94 ~102. (in Chinese)

JE 5 BRI Cu JBURE I 4% SCFR 1T 2R (14 D[R] 0T J8 48 s 45 P 4 M BB S iy [T ] o IR 2R 17 T2 2 ,2009,22.(4)
20 ~26.

Zhou Ji, Shao Tianmin. Influence of synergistic effect of Cu particles and striated surfcae texture on tribological properties[ J].

China Surface Engineering,2009,22(4) ;20 ~26. (in Chinese)



