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Performance Improvement of the Hydrostatic Piston Shoe Bearing
of an EHA-Piston Pump under Boundary Friction Conditions
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Abstract: The pumps of electro-hydrostatic actuators operate most frequently in boundary lubrication speed
range, as they compensate for the position control errors as a control element. When conventional swash plate
type piston pumps are applied to electro-hydrostatic actuators, the frictional power losses as well as the wear
rate of sliding components, such as piston shoes can increase drastically under the boundary friction condition.
In this paper, the power losses of the piston shoes were investigated which were engendered by a frictional
solid-to-solid contact and leakage flow rate of their hydrostatic bearing. In order to reduce them, DLC-coating
was applied to the swash plate and the ball joint of pistons along with its effects were demonstrated. In
addition, it was also shown that the wear rate of the piston shoes could be markedly reduced using the
DLC-coated swash plate.

Jls MAH F, © Lift force on piston shoe, N

: Normal load on piston shoe, N

n

B : Balance ratio p. - Cylinder pressure, bar

~ ¢ Inclination angle of swash plate, deg p. : Recess pressure, bar

d,  Piston diameter, mm R Recess ratio(d,/d.)
d. : Recess diameter, mm
d, : Piston shoe diameter, mm 1. M 2

F; * Friction force on piston, N
EHA (electro-hydrostatic actuator)®l] AH&%+& 3
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Fig. 1 Typical configuration of EHA system
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Table 1 Specifications of the piston shoe for 0.5- Swash plate  Ball joint
f —=— Non-coated Non-coated
per ormance teSt --O-- Non-coated DLC-coated
- X --/A\-- DLC-coated Non-coated
Items Dimension 0.4+ -@-- DLC-coated DLC-coated
Shoe diameter(ds) 28 mm g
Recess diameter (d,) 22 mm §°'3'
Recess ratio(R2,) 0.786 f
. 5024
Balance ratio(B) 0.96 3
. e . =
Inlet orifice diameter(d,) 1.4 mm o1
Piston diameter(d,) 25 mm N
o BARAE [ S B S S

T T
0 20 40 60 80 100

Table 2 Surface roughness and hardness data for Rotational Speed (rpm)

swash plate and ball joint -
P : (a) Mean frictional torque

Components Surface |Roughness| Hardness
b Condition (Ra) (Hv)
i Swashplate  Ball joint
Non-coated | 0.175 nm 833.2 005 - N‘;Vz-scoztzde No?l-cjc());led
SWHSh 2500~ !\ --O-- Non-coated DLC-coated
plate DLC-coated| 0.01 pm 2’ 200 0.04 A\ f gig'co“:ej gi’g“’atfdd
, g Q\“ \ - - ~-coate ~-coate
=) W
Non-coated | 0.207 pum| 7674 3003_
Ball joint 2,500~ S
! DLC-coated| 0.01 pm | < 2
2,300 % 0.02-
%0.
5
, _ 3
F“ 0.01
‘ 0»00 T T T T T T T T T T
0 20 40 60 80 100

Rotational Speed (rpm)

l

(a) Swash plate (b) Ball joint of piston 104 Swashplate  Ball joint

®) (b) Mean leakage flow rate during discharge stroke

L —m— Non-coated Non-coated
g \ --O-- Non-coated DLC-coated
-/\-- DLC-coated Non-coated
84 A -®-- DLC-coated DLC-coated
s 1 4
o1 9 W
5}
: . hu -
= 4 \o\ -
E \R-\ "y w2
E ‘ by A‘A-KAH Ry Ny NN
-0
. -O
(c) Piston shoe assembly 21 L ol Segg 0= py
) . . S S A
Fig. 5 Specimens for piston shoe performance tests
0 T T T T T T T T T T
0 20 40 60 80 100
4 Iéllg__-ll 7E1'II_I. Rotational Speed (rpm)

(c) Total power losses

Fig. 6 10rpmolA 100mpm7+x] A@y B29  Fig. 6 Mean friction torque, mean leakage flow

3H £5E5 A8 WIATIH ,4 2B po] HIF rates & total power loss when the
nZdE 3 928 oA AR FHS =A3 A} rotational speed was changed from 10rpm
olt}y. 40rpm ©|WHe] AHL&T7ro A AATT B 29 to 100 rpm
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(b) Wear depth of the piston shoe with
DLC-coated swash plate and ball joint
Fig. 7 The wear rate of the piston shoe under
boundary lubrication condition
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