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Thermal Lubrication Characteristics of
Swash-Plate Type Axial Piston Pumps
(Temperature Measurement of Swash-Plate and Cylinder-Block)

Toshiharu KAZAMA*® and Tadamasa TSURUNO

** Department of Mechanical Systems Engineering, Muroran Institute of Technology,
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Temperature of bearing/seal parts of axial piston pumps was measured. Both of a rotating
cylinder-block type pump and a rotating swash-plate type pump were prepared; five thermo-couples
were embedded in the swash-plate and one thermistor was placed in the suction conduit for the
former pump, and five thermo-couples were installed in the cylinder-block and one was at the casing
for the latter pump. Hydraulic mineral oils with ISO VG22, 32, 46 and 68 and the waterglycol type
hydraulic fluid with VG32 were used at the test fluids. The maximum discharge pressure was 20 MPa
and the maximum rotational speed was 28.3 rps. The inlet oil temperature was specified at 30 to 50°C.
At the atmospheric pressure to the maximum discharge pressure, the temperatures, flow rates and the
torque were measured. In conclusion, i) The temperature of the swash-plate between the crescent-
shaped discharge and suction ports increased greatly; ii) The temperature of the cylinder-block at
the bottom dead center of the pistons increased markedly; iii) The temperature increased as the
discharge pressure and the rotational speed became higher; iv) The temperature rise was larger as
the fluid viscosity was higher and the inlet oil temperature was lower, and v) The temperature rise
in the case of the water-glycol fluiid was noticeably smaller than the rise of the mineral oils.

Key Words: Fluid Power Systems, Oil Hydraulics, Tribology, Lubricaion, Axial Piston Pumb,
Swash-Plate, Cylinder-Block, Temperature, Experiment
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Fig.1 Hydraulic circuit of pump test bench

Table 1 Density p [kg/m®] and kinematic viscosity v

[mm?/s] of test oils

MO MO MO MO WG

22 32 46 68 32
p@15C 866 869 872 875 1069
v @40 °C 23 33 46 68 33
v@loo’C 44 55 69 87 7.4

Oils
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Fig.2 Location of thermo-couples installed in swash-plate
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Fig. 3 Location of thermo-couples installed in cylinder-
block
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Fig. 6 Comparison of swash-plate temperature rise Af, for
test oils (n=25 s’', £,=30 °C)
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Fig. 10 Temperatures of cylinder-block (MO32, »=16.7 s,
£,=30 °C)
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Fig. 11 Comparison of cylinder-block temperature rise Af,
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Fig. 14 Repeatability of measured temperature Aty of
swash-plate (MO22, n=25 5!, £,=30 °C)

T T T
100F 9996900009009
— o
S e
£ E
&£ w
i (=]
= *
c
.::;1:,.:“:\:.\:;\:“::.:-‘:“:,:J:ﬂ-”'n".:,:.
up down S
n & ¢ g
n & @ &
Q = @
Ly B> »

0 10 py [MPa] 20

Fig. 15 Pump performance curves of rotating cylinder-block
type test pump (MO32, n=25 s, £,=30 °C)
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