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Fig.1 Schematic force diagram of plunger
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Fig.2 Flow chart of calculation of minimum length retained in cylinder

4 B

41 BINBEKEITE
FESE B2 d =24 mm, R =47 mm, FE9E4 2 =9,
STEIF,p =34. 3 MPa, RHEIf B =6.3°, Uk 5 5
KL BRI L AR 6 0. 012 mm . JEN 46 5
5 0.012

\“ ]_“7:7_7: . -4
Heib o, W) 6 g 24 5.0x107%,

60°C I K v =40 mm/s, LT S
0. 874 1, MBI STKEE 0 = Su x 10~ =0. 874 1 x40 x
10™°=3.5 x10~* MPa-s U] y H

yO2A 1 ()

sl (2
1376000 x |1 _26.9 ]‘]T
L

p 1 34.3
= S | == = X
H Y (,UJL)LRtan,B 3.5 %10 ° x2 000
1 _0.545 x10°
L 47 . L
24><24><tan6.3

¥ 8
1376 000 x [1 _23-29 ] _0. 545Lx10
A5 L=39. 8 mm,
BIVEE ZE A 2T ST 9 F- 24 {5 L g 39. 8 mm,
F/NE LKA [y =L — RtanB =39. 8 —47 x tan6. 3° =
34.6 mm,

FAURBCE An SHEZEMATHMEL - ME L R A
An = {
[1

il An=[

3 3
8.75y 6 - Tr}XlOO%
B (Rtan@)2 ]7 306
L

-9 L 0.0038L
_26.9)?
L2

x 100%

L(l



oM B A BT RE R BUR R AU JE R /N B BT 1 337

SRR for/ N FA

0.320
0.318
<0316
S 0314
€ 0312
% 0.310
= 0308
= 0306
0.304
0.302

AL [, RARHAANE 3 FR.

2025 30 35 40 45 50
e/ N [y /mm

B3 An L5l KARML
Fig.3 Az — [, relationship curve

Hi & 3 AT, SRR R 5 /)N B TR 2 4
MR 2,2 1, Sy 34. 6 mm B, T SRR O
/N A FE SRR 2 R] PR 3t P RS 482 i 2R i D R
2505 0.3% , BT R SRR A E] 99. 7% .
4.2 HESHEEBIEZ B R EERZ

FEZE S /NIMP K BE: Al =0.2d = 0.2 x 24 =
4.8 mm,

PRI A Ty 34 JE 2R e R i
%€ iz 3l e RAT 2 by, = 2Rtang,,
tanl6. 7°=28. 2 mm,

PRt 7 ZE ) JUAT R B L = AL + 1, + h,,, =
4.8 +34.6+28.2=67.6 mm, {il{K&¥ff ¢ =0°HF,
e FEZERY B BT 1 BI  die /D BT ASBE 1o MR
#2(19) . (20) & E L, =19.5 mm,L, =15. 5 mm,,

TR R m, =0.055 7 ke; 1 JE 5 RHE %
il fe R AME d, =31, 4 mm; ¥ J8 55 R0 42 ik T
FLA, =333.75 mm®  AEZEER S p0 A JE IO 22 7]
MRS [, =8. 8 mm,

Sy FEIR2EAR R =47 mm; 5 5

2 %2000
HE w= 0

o, =0.09 MPa, f34E((25) @45 P, =843.9 N,

[,=25.2 mm,m, =0.256 kg, L p, =0. 05 MPa,
MR (21) ~ (28) i+ H R 53 ) P, =149.5 N,
B ) F, =527 2 N i isidE gy F, = -58.2 N, i
JEJ P=15509.1N,

FEZE 5 G L 2 (8] Y BE A R B f = 0.1, M 48
R (32) 314415 N, =5766.4 N,N, =3 409.4. 1 N,

B A B/ INVEEJEE b =8. 1 mm , TR B4R A QT600 —
3,VFHIBTVIR B 7] =196 MPa, Z{4 A ZE7E 12 )
AR S R EE g SR e, M s <[], 0

max(N,,V,) 5766.4
m <[7].B3 ¢ g 1 =20-6<196 MPa,

P, 7E BRCR IR o/ N HAR T 3 1 85y
FGL R [, =34. 6 mm, fRAEFEZEAR I St e P A 2

Hd‘Bmax =16'7O’D—1U
=2 x47 x

n =2 000 r/min; ffi

=209. 33 rad/s,

K| EE A5 A BT R AT, 2E S LA 3 R =2 1) A 5t 32
W2 HEZEIB AT R EE

Bt A 2 S R A L A A (R B 6 S22
AR, AT ZE T IRA S 53 A [B) B2 g L, ] 5
A 2 LA TR Sl A 2 ) ) i R S 5 e
BRI RE L,  TEBRCRIUR BN HAR T, T A 28
A B LRI &,

FLARTE i @ = 0°mf, 23 Sl JROAS [a] ) BA T4 E £,
10 mm</<40 mm, ! BYBUEE]FE A 5 mm, 355 AE
(4 Lo AERE AN [) A FE FE LA BE L LA KAl 1) ) Y,
N, WNZE 1 7R  max(N, N, ) 5 4, f5C R #Z
4 iR

x1 SRNBREKEXEEMEAH
Tab.1 Minimum length retained in cylinder

corresponding to lateral force

lp/mm L'/mm N,/N N,/N
10 43 13542 11041
15 48 9764. 4 7334.6
20 53 7975.1 5579.1
25 58 6932.9 4556.5
30 63 6251.5 3887.9
35 68 5776.4 3409.4
40 73 5415.7 1587.6

14000 |
2 12000 \
= 10000 }

8000 |- \

6000} —

2)

max(Ni,

4000

10 15 20 25 30 35 40
ly/mm

£l 4 de(vaNz)Lﬁlo E"J?é%ﬂﬂéj%
Fig.4 max(N,,N,)— I, relationship curve

/N B LA FE B Ly = 10 mm, A ZE 19 JLAAT < 2
L' =43 mm, |
max(]\l/‘ o) :131%42 —1354.2 <h[7] =1587.6
Wt f/ N BT 1, BUE A AS s A, 7 7

N, FI N, AH R 90N, R G, fe /0N BB G0 I, 7E (10,
40) X [ BB, A 2 55 fr A4 T 2l i) 2 [ 7 i B 2
W 2 1, B[R 9 ds/ N LR BE L, 72 SRR 40 2K i
INPIEAE TR AR X (18) TR A 8 5 fhn A 1 2 I i
FEMIBR 6, I3 2 FoR, [ B & S5/ NAGIRE [, (1)
KARMLWE S Fros. Ha] B — BBy 0.01 ~
0.02 mm'"” fy & 5 AT, AL B 6 = 0.012 mm
8%.0. 012 7 mm , %f [ i e/ N R BT E 1, 4 35 mm B8,
40 mm,



338 4 0k Bl E R 2014 4
%2 BNBEKEMEOREENRS oor3f ]
Tab.2 Minimum length retained in cylinder 0.012F —
corresponding to optimum clearance - 0.011F
0.010F
ly/mm L'/mm &/mm :Eo 0.009F
10 43 0.0056 0.008} /v/
15 48 0.006 5 0.007¢ /'
20 53 0.007 2 0.006f —
25 38 0.0080 000357536 35 30 ~ 35 40
30 63 0.008 7 ¢ /mm
35 68 0.012 KIS F/NEELE [, SRS AXT R AR
40 73 0.0127 Fig.5 [, - & relationship curve
s s (3) FHETHE 25 BT A 2l ) 5 22 w6 e ], 4&
ZalE

(1) 23575 AT JE 55 LA Sl A m U A e 52
EIESbISYS & ST SVASY V&S PNk Ea  Eill

(2) HETF RSCRBR fe /N, B H /) B L
RBEMBUETT R Tk, R ZE A R P A &

thEe/ N R R BE T AR O v, R R SCR B R fe /N
MR, AT 2 S R AR T 3 R e A MRl B

(4) MHA T AU 23T R N T K
JEH 35 B 40 mm, Xf L d5 fE BB S O 0.012 5%
0.012 7 mm, S DA K N 0. 3% , %7 1%

JEEA5 B BN R B, 45 A 26 -5 L VAT 5l ) o A A%
J7 %, A UE fRe/ )N B R A BT 5 B

10

11

12

/NS AT DL A ZE R SO HR M T RS
MIFEAR S

£ % x W

JKAEME. 55 mL/r - —HEZERIE U AL 2L A BT ORFEL D] R - 74 R 5038 R, 2000.
Zhang Zhipeng. Design study on 55 mL/r swash plate pump with 11 pistons[ D]. Chengdu: Southwest Jiaotong University, 2009.
(in Chinese)
sKIy, WO, BOR, A RHE U AR ZE AR BRI T[T ] YUK 5HE 2007, 35(6) 121 - 122.
Zhang Li, Xiang Huiyu, Zhao Fu, et al. Frictional couple analysis on slanting axial piston pump [ J]. Machine Tool and
Hydraulics, 2007, 35(6) : 121 —122. (in Chinese)
AR, kB, ot n. AR PR S AL R M iR TR L) ] MU AR, 2000, 32(8) 32 -33.
TGS, 2. TR AL ZE AR A ORI R ()] WO sh S8 ES, 2011(7) « 22 -26.
Zhang Zhipeng, Li Songsong. Application analysis and improvement of swash-plate axial piston pump[ J]. Hydraulics Pneumatics
and Seals, 2011(7) : 22 —26. (in Chinese)
BIZAUE, R, AR BRIG ZEBE A BRZE R M i A B T ] HURS#UE ,2005,33(8) : 100 - 103.
Hu Jibin, Zhang Xinjun, Yuan Shihua. Theoretical study on leakage of ball piston pumps ball piston pair[ J]. Machine Tool and
Hydraulics, 2005, 33(8) : 100 —103. (in Chinese)
KA. AR - SR RS RIS AT D] dEat st TR, 1997.
Zhang Baihai. Theory and test research about hydraulic pump-motor system[ D].
(in Chinese)
IR, KR, HET. ST AL B A SE SR AL R R AT [T ], 2B TR 22241z, 2010, 36(3) :32 -37.
Xu Bin, Zhang Junhui, Yang Huayong. Simulative analysis of piston-cylinder pair of axial piston pump based on virtual prototype
[J]. Journal of Lanzhou Uuniversity of Technology, 2010, 36(3): 32 — 37. (in Chinese)
SRLLAR. T BRI i il e A SR B AR ZE IO [ D] R HPORAE, 2003.
Zhang Hongwei. Research on plunger of axial plunger pump based on the modern design method [ D].
University, 2003. (in Chinese)
SiLAE, HOOMR, WAL, IRORY BE AL A BR ZE AL ERFE R I B2 R [T ). AR HLAR A 4f , 2007, 38(4) . 135 -137.
Yuan Shihua, Zhang Xinjun, Hu Jibin. Influence of varying oil viscosity on leakage of ball piston pumps ball piston pair[J].
Transactions of the Chinese Society for Agricultural Machinery, 2007, 38(4) : 135 —137. (in Chinese)
SR, JAfE, SRR, A5 Sl A EEA RO R - i AR E S R ROOHRI LT ] WUE S8, 2004, 28(11) 22 -25.
Ai Qinglin, Zhou Hua, Zhang Zengmeng, et al. Development of lubricating characteristics testing system of friction pair in axial
piston pump[ J] . Chinese Hydraulics & Pneumatics, 2004, 28(11) ; 22 —25. (in Chinese)
Huang T C, Zhou S Z, Yuan X M. Reliability analysis for plunger pump fluid end based on random finite element method[ J].
Advanced Materials Research, 2012, 479.1573 - 1577.
Kowalski J, Konrad P. Minimum mass design of a three-throw plunger pump[ J].
Piping, 1992, 49(1) :35 -59.

Beijing: Beijing Institute of Technology, 1997.

Chongging: Chongqing

International Journal of Pressure Vessels and



oM B A BT RE R BUR R AU JE R /N B BT 1 339

13 Shute N A, Turnbull D E. Minimum power loss conditions of the pistons and valve plate in axial pumps and motors[ J]. ASME
Paper 63 — WA -90,1963.6 - 17.

14 REHOHE. BURRMASEIM]. deat: FUBCC H Rk, 1980.

15 g%, WOETTAIM]. dbat: MU H ik, 1982.

Calculation Method of Minimum Length Retained in Cylinder for
Swash-plate Plunger Pump Based on Energy Loss

Cheng Huanbo' Liu Zhifeng' Xie Ping" Zhan Yifei' Yuan He'
(1. School of Mechanical and Automotive Engineering, Hefei University of Technology, Hefei 230009, China
2. Guangxi Liugong Machinery Co. ,Lid. , Liuzhou 545007, China)

Abstract: Based on the energy loss analysis of the sliding pair between plunger and cylinder, a
mathematical model of overall efficiency loss was established. Based on the principle of minimum overall
efficiency loss, a calculation method of minimum length retained in cylinder was proposed. In order to
ensure the plunger was not stuck during the relative movement because of friction self-locking, a strength
check method of the sliding pair was proposed to validate the rationality of the calculated minimum
length. And according to the strength check method, the minimum length and corresponding plunger
geometry length were calculated. Under the principle of minimum loss of total efficiency, the optimum
clearance of sliding pair was calculated by the strength check method. A case analyzed and verified the
correctness of the calculation method, the calculated minimum length is 35 mm or 40 mm for the plunger
pump used on an engineering machinery, the corresponding optimal clearance is 0. 012 mm or 0.012 7 mm,
and the theoretical calculated overall efficiency loss is 0. 3% .

Key words: Swash-plate plunger pump Minimum length retained in cylinder Overall efficiency loss

Optimum clearance
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Topology Optimization of Continuum Structures Using Node Variable Method

Zhan Jinging Yang Kang Huang Zhichao
(School of Mechanical and Electrical Engineering, East China Jiaotong University, Nanchang 330013, China)

Abstract: A topology optimization design of continuum structures using node variable method was
proposed not only to avoid the phenomenon of numerical instabilities but also to consider the
manufacturing requirements. Within the defined sub-domain, the projection function independent on
element mesh was adopted to represent the relationship of node design variables and node density
variables. It could achieve the minimum length scale constraint of the topological solution to meet
processing requirements. With the objective function developed by the minimum strain energy to meet
stiffness requirement, and the volume used as the constraints, the topology optimization model of
continuum structure under minimum length scale constraints was developed. The method of moving
asymptotes was adopted to solve the topology optimization problem. The numerical examples indicated that
the approach could avoid the phenomenon of numerical instabilities and obtain distinct topological
structure which is convenient for manufacturing.
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