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Pressure characteristics at the land of valve plate
in the oil hydraulic axial piston pump

Hyung-Wan Choi, Jong-Ki Kim, Jae-Youn Jung’

Graduate School, Chonbuk National University
‘Department of Mechanical Engineering, Chonbuk National University and AHTRI

Abstract - The design of the valve plate is most important to increase
efficiency in the oil hydraulic axial piston pump. A theoretical study was carried
out to clarify the pressure characteristics at the land of the valve plate in the oil
hydraulic axial piston pump. Dynamic pressure acts on the land of the valve plate
was computed numerically with discharge pressure, rotational speed and swash
plate angle. Pressure distribution between the valve plate and the cylinder block
also was obtained with dynamic pressure. The results are applicable to improve
the design technique of the valve plate in the oil hydraulic axial piston pump.

Key words — pressure distribution, land, valve plate, cylinder block
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Fig. 1 Geometry of valve plate in the
axial piston pump
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Fig. 2 Definition of @ for simulation
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Fig. 3 Pressure pulsation with delivery pressure
at BDC ( 1500rpm, a=0.314rad )
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Fig. 4 Pressure pulsation with delivery pressure
at TDC ( 1500rpm, a=0.314rad )
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Fig. 5 Pressure pulsation with rotational speed
at BDC ( 20MPa, a=0.314rad )
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Fig. 7 Pressure pulsation with swash plate angle
at BDC { 20MPa, 1500rpm )

40x10°
30x10° |- - -
20x10% b i
10x103 }

Pressure (pa)

-10x103

-20x103

-30x103

1.6 1.8 2.0 22 2.4 2.6
Angular position of piston (rad)
Fig. 8 Pressure pulsation with swash plate angle
at TDC ( 20MPa, 1500rpm )
34 48 B Y EX

Zdole A=

Fig. 99} Fig. 10& TDC ¥ BDCeIA ¥
B EYolEY EEIEY FYUXEAE
AAdrt A W P2 FYOE ESXE
F9 #=r g WskE dEbd Aol

gl A 0.041~0.048Atel& HE F o]
ES] EEXE, 0034~0041 ol WA=
383 0.048~0.0642 0 9 F A=l

Fig. 92%¢ ¢ ¥3ozx ¥R Fd|
E EZXEAN FoAdLE ¥ FFol
AANY, ARz Y Fete Al U
Jom F2¥e & & ATh

Fig. 100 0 WwFoze ¥R 9
OJE EE EEJN FoALE §Y At
EAn glow, d=ER ¥ Ase A
o gAY Zoz H2FE E 5 Y% 2
Sl aqxg_ot}eﬂg] g3o g Wy T olE &
TE ZHolE
Feet B

°]
g o= L}EME A& & T A

0.0%4 ——2.0.
0.052 [———1 Ue+7a46]o464 0046
L ———1.2e47-
0.050 | —1.4e47.
:E: 0.048
E 0.046
..6 0.044 - 2.0“77771»7
c
o
£ 0.042 -
]
o
% 0.040
0.038 -
1 Ue+7ua:|»+64 Qs+
0.036
200

148 150 1.52 1,54 156 158 160 1.62
Angular position of piston (rad)

Fig. 9 Pressure distribution at the land of valve
plate around TDC
( 20MPa, 1500rpm, «=0.314rad )

225



0.054
008+~ ]
0.052 —
1,254 7 ——m———
0.050 - ]
J 1,75»”7_*_____.7
T 0.048 5 r\z.oosw“
B 0.046 1
K
‘S 0.044 { 2547
s
& 0.042
= U
[ -
[+]
0. 0.040 - 1I50e 71
15087 """ |
0.038 1 1.25047— "]
1.00047—————"———"" |
0.036
0.034 —— —————r

47 48 49 50 51 52 53 54 55
Angular position of piston (rad)

Fig. 10 Pressure distripution at the land of
valve plate around BDC
{ 20MPa, 1500rpm, a=0.314rad )

4. 2 B
A TFRAM AT ¢
ti, 2 ¥ME 4Ee
ZHolE A=RoA F9 4F
sdten, 2 A3 g e
o

e X g o
32 = (oor

to wu % o
|

o M K
Mo o

1. HdF0oA ¥HE 48 EEYHo]
Z7}3d) ogt BDCAMNE EELE e 10%

HEZ Fe WAY 4P umg By,
TDCAAE E24YY Z7d we 49

Zat@dsgol nuaA FHde 89 + 3
A

2. APFRAAM WE g¥e AWEET}
1000rpm, 2000rpm, 3000rpme} w2 F7}
go] we} BDCAE 1MPa =4 ulH%
#gol AdIFHez FrH YEned,
TDColNE EZ¢dRt vluy & 2oz
&ALt 2] FAulgold wAYo] 3
A&z 2 932 e 28 #4853

At

3. A4 ZEE HYFUAAA HE 4Fd
2 9FE fAE gAY, AR Ar9 F
7hel uwpe} w]Ad kel F43) Asste
AL AT 4 AAT

4, AYFTAA HF GEE 1 98
olE EEXE F9 A=Re] GHEX
goze BDC ¥ TDC EF AY
ZAadd ¢ wEoZE TDCY
ZeEol F3 = A1, BDC
golEe =tEo] 93

=
n T
‘O Oﬁ
ok

£ o
lJﬂ,}m

dox o olr
e

AZ rff orir oft

2
>

V = volume
a = The axial distance from the piston
slipper yoke pivot (m)

An = notch area (m?)

Ao
Ca

Ps = discharge pressure (Pa)

1l

Overlap area (m%

general distance coefficient

Ps = suction pressure (Pa)
P. = control piston chamber pressure (Pa)
Qinflow = total flow into a control
volume (m%s)
Qoutfiow = total flow out of a control
volume (m%/s)
Qn = flow through the relief notch (m/s)
Qo = flow through the overlap area (m’/s)
R = piston pitch radius (m)
t = time (s)
V= volume of chamber at any angular

position (m?)

226



Vo = volume of chamber at zero
swash plate angle (m%)

AP, = pressure drop across the
relief notch (Pa)

APy = pressure drop across the

overlap area (Pa)

= swashplate angle (rad)

= bulk modulus of fluid (Pa)

= angle of relief notch

= pump rotational speed (rad/s)
fluid density (kg/m>)
= angular position of the barrel

1l

a
B
b4
w
0
7

and pistons (rad)

@1 = angular position of the beginning of
entrapment zone from Pa to Penn

@2 = angular position of the beginning of
transition zone from Pey to Paz

# 3 = angular position of the end of
transition zone from Paz to Ps

04 = angular position of the beginning of
entrapment zone from Ps to Pea

@5 - angular position of the beginning of
transition zone from Pca1 to Pez

@6 = angular position of the end of
transition zone from Pc22 to P4
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