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Abstract: This paper details application of a DLC(Diamond Like Carbon)-coating to the swash plate and the ball
joint of pistons that make sliding contact with the piston shoes of an axial piston pump. This process, aimed to
reduce the frictional and leakage power losses of the hydrostatic piston shoe bearings at the low speed range.
At lower speeds than 100rpm, the positive effects of the DLC-coating on the power loss reduction of the
hydrostatic piston shoe bearings could be confirmed. These effects resulted in little improvement in volumetric
efficiency of the test pump, but the mechanical efficiency could be raised by up to 5% at 100rpm; here, the
DLC-coated swash plate played a more dominant role than the DLC-coated ball joint.
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Swash plate

Retainer ring

Cylinder barrel

Piston shoe Ball joint Piston  Valve plate
Fig. 1 Typical structure of swash plate—type
piston pump
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Fig. 2 Basic configuration of hydrostatic piston
shoe bearing

= 7]1EA 02 1800rpm
9 IHAEEE 7|20 AAE 7hH £33
Abal 3l 2~F FAE(YUKEN, model A22)9] ASE
7] 2 Table 13} 2t}

Table 1 Specifications of the piston shoe for
performance tests

Items Dimension
Shoe diameter(d,) 17 mm
Recess diameter (d,.) 11.5 mm
Recess ratio(R,.) 0.676
Balance ratio( B) 0.921
Inlet orifice diameter 0.68 mm
Piston diameter(d,,) 145 mm
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Table 2 Surface roughness and hardness data
for swash plate and ball joint

Surface Roughness| Hardness

Components Condition (Ra) (Hv)
Shoe land Brass 0.052 #m 193.3
Non-coated 0.032 ©m 883.2

Swash plate 0.012 gm 2,500 ~
DLC-coated 2,800
Non-coated | 0.0207 #m 767.4

Ball joint 0.012 #m 2,500 ~
DLC-coated 2,800

(c) Piston shoe

assembly

(a) Swash plate (b) Piston ball
joint
Fig. 3 Specimens for piston shoe tests

Table 3 Test conditions
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coated

DLC-
coated
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Fig. 4 Configuration of the experimental apparatus
for measuring the friction torque & leakage
flow of piston shoe
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Fig. 5 Configuration of the experimental apparatus
for measuring the efficiencies of the test

pump
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Fig. 6 Mean friction torque & leakage flow rates
when the rotational speed was varied from
10rpm to 100rpm
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Fig. 7 Volumetric efficiency of the test pump
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Fig. 8 Mechanical efficiency of the test pump
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