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Abstract — Lubrication characteristics between a cylinder block and a valve plate for high speed bent-axis type
hydraulic pump play an important role in volumetric efficiency and durability of pump. In this paper, a finite ele-
ment method is presented for the computation of the pressure distribution between a cylinder block and a valve
plate for high speed bent-axis type hydraulic pump. Also, a Runge-Kutta method is applied to simulate the cyl-
inder block dynamics of three-degrees of freedom motion. From the results of computation, we can draw two
major conclusions. One is related to the fluid film characteristics between a cylinder block and a valve plate and
the other is related to the average leakage that is determined by the pressure gradient and the clearance near the
discharge port. The numerical results of cylinder block dynamics were compared with the experimental results
using eddy-current type gap sensors those are fixed at a pump housing.

Key words — valve plate, cylinder block, bent-axis type hydraulic pump, leakage flow rate, lubrication char-

acteristics.
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Fig. 1. Configuration of the valve plate.
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Fig. 2. Coordinate system for computation of cylinder
block dynamics and pressure distribution of the thrust
part.

TE] st B AR Flols= w4
aJr Fig. 2¢] ZAE 9% HEAZEE #=dH 71
A F ARgEt W el dole= ‘%75‘
(e Az ﬂ%ﬁli—‘%ﬁ FESHIAT 25 4 @2
9% AARTE $ET AS A4 B E
oW Z¥5e] A7kl EH?& W2 4 3z o) GA
FAE vk 28I x=y=0, 7 =03 F& AUy
EE ske] Ak 2o 3d 5o FAolth

JE S

oo 2>

P

100k 9r), 0(Ch30)_ ook O @
RON12060) 9dz\12udz) 296 ot

h; = ¢,+7'(6,sinB- O,cos0) %)
%};f =7'(0;sin0-O,cos6) 6)

*‘ﬂtﬂ ialr APZE Atole] ¢t BEEZ 3P
M A% ABAZRRE =l v el &
o]hz H]—;{%/\l (4)_‘ }\}_g_g}gion;] /\lahj _&_,,}. /\}_-
ZE Alojol|xje] A7l thet T WHEke2 x, y ek
o] HZe-EE e ¥emg 4 (67 ) 18
I AEEECE Fig. 39 R=AE Zi o] 989 ¢
Qo] BFL 98 x, z =7 HaY3 Ho) th]]ﬁh:}

AU 2829] 3A{% 5 UiF 7 o549
o] ALHE 53 EREE 4 (7), 8), (9% 732
] Z} AelM ‘cylinders AW WF-] Wl 2Haa}

_4

Fig. 3. Coordinate system for computation of pressure
distribution of the journal part.
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Table 1. FFT of numerical and experimental results

Sensord) Sensor®
Numn. Exp. Num. Exp.
Sx(Volt)  0.0017 0.0011 (3.0043 0.0036
10x(Volty  0.0025 0.0036 0.0048 0.0048

Fig. 15. Sensor position for measuring the vibration of
the pump housing near the sensor®.
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Fig. 16. Numerical results of dynamic motion of sensor®.
Pa=100 bar, v=25 cSt, N = 2000 rpm.
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P : fluid pressure
Da : discharge pressure
Ds : suction pressure
h : thickness of the fluid film in thrust part
by : thickness of the fluid film in journal
part
ho, Co : average thickness of the fluid film
Uuv : sliding velocity of a cylinder block

W, : z-direction velocity of a cylinder block
: angular displacement of a cylinder block

iy 2
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&~

: distance from tilting center in z-direction
: fluid viscosity

: kinematic fluid viscosity

s angular velocity

: operating speed of a pump

:angle of rotation

me 2 g < x

: z-direction force on a cylinder block

Me,, Mo, :moment on a cylinder block
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