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A Study on the Stress Analysis of Oil Hydraulic Piston Pump with a
Swash Plate Type
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'Division of Convergence Technology Engineering, Chonbuk National University
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Abstract In an oil hydraulic piston pump, the cylinder block and valve plate in high speed relative sliding motion
have the characteristics which should be extremely controlled for the optimization of leakage and friction losses, and
pressure-resistance design of them is very important for high pressure performance. But the studies on the stress
analysis of those parts have not been performed briskly. Therefore, in this paper, the stress and displacement
distributions of the cylinder block and valve plate in the oil hydraulic piston pump with a swash plate type are
discussed through the static stress analysis using CATIA V5. The stress and displacement of the cylinder block are
more influenced by the axial pressure than by the radial pressure, and are larger by approximately 66% and 30%,
respectively. The results show that a review of the material and shape of the valve plate is required.

Key Words : Cylinder block, Valve plate, Stress analysis, Finite element method, Oil hydraulic piston pump

1. M2 g - A, A4 R A28 59 478 54

ol ol2gla, 1A% - A& s UE BYeE a7

FHA RS FHUET} ol 28 - AFSl 2l 2 Qale] Hr} 7153 2dstl AR U A4 e

87) wFol] A ol NRE Ak AFAL T2 9xo] VoA EE a7] 9% Be ATs A8 Hols

A, A, ST 5 AEAD BollA AEH o

oA $toh foh VAR HxE ngkel ARSI, AW feplage Agshs BE Aulo] Qold nehshe

EZ Aot 7hsdithe BA, 52 88, 58 A% 128 Adgy 3 glE RRoln, A, 143E 9%
545 ool fiSt AL SN Y U A 2 2] A, J17e) AT Sol Aeain

#1aL SE] A AW} Bl AN TAE ATE T

fSF FaE Wz ol BAE WA, & IsMPariA ALETFsEIL Fo o ASS FHow B

*Corresponding Author : Bong-Soo Jeong(Chonbuk National Univ.)
Tel: +82-63-270-4871 email: jbs5511@jbnu.ac.kr

Received November 26, 2014
Accepted April 9, 2015

Revised January 6, 2015
Published April 30, 2015

2424



delE BHE AFHE Y A= ov] 40MPacl}  EH7] wio] A Eljle] PBE F 7P Fag o]
A AEIFsE BEE AL e, Hol, Azohdn Hx P, e Y B 99 9
ol9} -2 mStste] gt FAE Hro Fxa o WylATF QFEE Fo|tHI]
Mo ddatA Fagk Agolrt. FxA) a0l 7| Aol A ARE A REe &84 140cc/rev
A 1 FEAGNE W] Aol B, oleldk WY Q) WZe] Mely BEw} Wy SeolEolth dwA o
of met P AL e FYS olFE W 2 48 SulA AR B9F 427 HELEL
$eo] MAFTL A FRAAT ARAE ARF S A0t Gud AA% A Adre] Beun
FEAA o] AAEolck i, AHAAE Q7] FaANE  rhEsh Ael] Wi, AT BEe wag A4, ue
TS AAZL wEAH o o) FolAlok . SelolEt A% AL AgeAL, Aze] BT
SE AR G4REe M) vt Ape slgehs AU B2 SHe) o) Axe] TAE 7}
TEA s o] FoIA A= T3] weEtA B A X FFEES §FAEe] AMSskE Blo] dltieln, <
FolAE olsh e ugtalel] thgats] gla) AR f ol AHGE HRlY BEE SCMMO, AT BE Su
I AE Pxo] Ay BE23 e ZyolEd e o] He Rl %, UE Zeo]Ex SCM 4209 A
AN S FAsGon, o ATE Fal AUH AL Agse] AN FASGL 1 /A dae
L2398 ZgolEd] gloj STl Mo ] Table 13 221, Fig. 13} Fig. 2= ¥ ajj 4ol Al&58 =
o #ato] AwE gkt o] PS HolFaL Qi)
Table 1. Mechanical properties of the models
2 S :
e H - Parts Cylinder block Cylmdf:r bl.OCk Valve plate
Items heterojunction
= = = — Material SCM440 Yellow Brass SCM420
o510 ASHMT} SHA 2H
2.1 RelRASHMDt SHHZEIH Young Modulus 205GPa 105GPa 205GPa
oje] SR Wy = FEM(Finite Element Method) Poisson Ratio 0.29 0.346 0.29
i} _ _ _ Density 7850kg/m’ 8470kg/m’ 7850kg/m’
O 3l EX mm rel 2 B
LT S wkell AA| vhdRt 2ot okl A 7t Yield Strength 580MPa 435MPa 435MPa
da] AREE L 9o

o, AlRE I Y AZE R

B ol Fol| & CATIA V5&5 AMEalglom, B 22
Ao AANFANAFE AFAI7A] A Aol AH A
A, ANEA, 234 58 53T § e T2

o2 de] AREE AL Sl

Fig. 1. Shape of the valve plate
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Fig. 2. Shape of the cylinder block

2425



A &esl=EA) A16d A4T, 2015

2.3 sliAfdhH
Fig. 33} Fig. 4= ZH2} & 34
L23 win Zyo]E9] 3
=3 &ial e Ady E59 1
o] = 41,937, B %EHO]EO Ae 249
22,70201 6,14371 o]t}
Sz o2A Nﬂcﬂ B0 %‘%% Table 29} 2]
Ak =ZA 2714
7Hﬂ E‘Pdti 1101 ol

x4 ] o]

i)

i
N

i

o 4
o

12

_O|L

3

O > Hiv
o, r-ln:
o
rlr
Nel

JR o2 9
2 o
oo ‘15‘ ox

ot
Buii=j
fd
N
)
ol
o ©
2
o
o
—10
=2
:quy
OXL

oE
)
|
£
=
5 L2
1o
o
o
rir
w
)
Ry
>
!
nj
2
2
[
=
o

o M
IS
>
(98]
o He
e
rlo
N
N
o -
rlo
o
f
)
o
fil
o
g,
N
N
olf
o

o morr &
Md o
& ol
O o
m
s

Rl
ox Ol
=
=

12

_OL

)

do

_?L

pou)

o

o
rir
N
N
oxl
_OL
2
oo
a8
:?L_‘.
1x
tjo
Ay m
Ogl:‘r‘
_O|L
32
Buiy
)
oo
o
B
rls

B
&
3
3
el
N
=
o

Fig. 3. Finite element model of the cylinder block

Fig. 4. Finite element model of the valve plate

Table 2. Analysis conditions

Case Pressure conditions
Al The pressure acts in all directions to all nine of the cylinder
bores
A2 The pressure acts in only radial direction to all nine of the
cylinder bores
The pressure acts in only axial direction to all nine of the
A3 .
cylinder bores
B The pressure acts in all directions to only five of the cylinder
bores(discharge region)
A1 Zo W D
3.1 Hgf =8
ot 2 sz AT 7, 40, 45, 5S0MPad]
92 AAAL Aol ey B5o wAse v
S8 & Table 37} Fig. 591, ¥19] %S Table 49} Fig. 69
22t epngleh

Table 3. Maximum stress of the cylinder block(MPa)

Applied pressure 40MPa 45MPa 50MPa
Case
A-1 68.2 76.7 85.2
A-2 51.1 57.5 63.9
A-3 30.8 347 38.5
B 86.7 97.6 108
120
-— A [
°-<100' 0 A2 n
E - A3
g0l |==8B
w0
=
v
g 607
=
E
% 401
p=
20 -
0
40MPa 45MPa 50MPa
Applied Pressure

Fig. 5. Maximum stress of the cylinder block
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Table 4, Maximum displacement of the cylinder block(mm)

Applied pressure 40MPa 45MPa 50MPa
Case
A-1 1.91 2.15 2.39
A-2 1.70 1.91 2.12
A-3 1.31 1.48 1.64
B 3.52 3.96 4.40
5
g _
= - A1
=4 |==aA2 M
g - A3
g == B
Q
Q 3
=
2
[a]
2_
g
£
51
=
0
40MPa 45MPa 50MPa
Applied Pressure

Fig. 6. Maximum displacement of the cylinder block
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Von Mises Stress (nodal value;
N_m2

1.082+008

I 97624007

86724007

75024007

65124007

5.4264007

I 43424007

32584007

21724007

l 1,08e4007
0

On Boundary

Fig. 7. The maximum stress point of the cylinder
block(Case B at 50MPa)

B

Translational displacement vector
mm
0.00440
I 0.00396
0.00852
0.00308
0.00264
0.00220
I 0.00176
0,00132
0,00088

I 0,000440
0

On Boundary

Fig. 8. The maximum displacement point of the
cylinder block(Case B at 50MPa)
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Table 5. Maximum stress and displacement of the

valve plate
Applied pressure 40MPa | 45MPa | S0MPa
Item
Max. Stress(MPa) 157 177 196
Max. Displacement(mm) 5.55 6.24 7.0

Von Mises Stress (nodal value)

N_m2
1,57e+008

1.41e4008

1,260+008
1,18+008

94264007

Fig. 9. The maximum stress point of the valve plate

(at 40MPa)

Translational displacement vector
mm

0.00555
0,005
000444
0,00359
000333
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000222
000167
000111
0.000555

I 0

On Boundary

Fig. 10. The maximum displacement point of the valve
plate(at 40MPa)
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Von Mises Stress (nodal value)
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Fig 11. The shape of the deformation of the valve

plate(at 40MPa)
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