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Thermal Lubrication Characteristics of
Swash-Plate Type Axial Piston Pumps
(Simultaneous Measurement of Temperatures in
Cylinder-Block, Swash-Plate and Valve-Plate)

Toshiharu KAZAMA* and Hayato SASAKI

*3 Department of Mechanical Systems Engineering, Muroran Institute of Technology,
27-1 Mizumoto-cho, Muroran-shi, Hokkaido, 050-8585 Japan

Temperatures of the three bearing/seal parts of an axial piston pump were measured simultane-
ously. Five thermo-couples were embedded in the cylinder-block, four thermo-couples were in the
swash-plate and four thermo-couples were in the valve-plate. Two platinum thermo resistances
were placed in the suction and delivery conduits. A hydraulic mineral oil with ISO VG22 was used
as the test fluid. The maximum discharge pressure was 20 MPa and the maximum rotational speed
was 25 rps. The inlet oil temperature was specified at 20 to 40°C. The cylinder-block temperature
at the bottom-dead-center of the piston was high and the temperature at the top-dead-center was
low. The difference in the temperatures at both centers became large as the discharge pressure
increased. The swash-plate and valve-plate temperatures were high at the delivery side and the
temperatures were low at the suction side. The rotational speed less influenced the difference in the
maximum and minimum temperatures in the parts. The discharge pressure markedly affected the
cylinder-block temperature at the large swash-plate angle.

Key Words: Fluid Power Systems, Oil Hydraulics, Tribology, Lubrication, Axial Piston Pump,
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Fig.1 Schematic of test pump and location of thermocouples

in cylinder-block, swash-plate and valve-plate
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Fig. 2 Cylinder-block temperatures ¢, ~ ¢, vs. discharge

pressure pg (=25 57, £,=30 °C, vs=10x10"° m*/rev)
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Fig. 3 Swash-plate temperatures tg ~ fp vs. discharge

pressure pg (=25 57", £,=30 °C, v=10x10"° m*/rev)
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Fig. 4 Valve-plate temperatures t, ~ #; vs. discharge

pressure pg (7=25 s, £,=30 °C, vy=10x10"° m*/rev)
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Fig. 5 Average temperature rises Afcg, Aflsp, Atyp and outlet
temperature rise Atf,, vs. discharge pressure py
(n=25 57", £,=30 °C, vg=10x107° m*/rev)
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Fig. 6 Performance curve of test pump (n=25 s, £,=30 °C,

vo=10x107° m’/rev)
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Fig. 7 Effect of rotational speed » on average cylinder-block

temperature rise Atcg (#,=30 °C, vo=1 0x107° m*/rev)
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Fig. 8 Effect of rotational speed » on average swash-plate

temperature rise Atgp (£,=30 °C, vO:1O><l(T6 m3/rev)
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Fig. 9 Effect of rotational speed » on average valve-plate

temperature rise Afyp (£,=30 °C, ve=10x10"° m*/rev)
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Fig. 10 Effect of rotational speed »n on temperature
differences of each part (£,=30 °C, v,~=10x107°

m’/rev)
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Fig. 11 Effect of swash-plate angle (displacement) on
average temperature rises Az, and Af, of cylinder-
block (n=25 s7', #,,= 30 °C)
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Fig. 12 Effect of swash-plate angle (displacement) on
average temperature rises Afg and Af, of swash-
plate (n=25 s, #,= 30 °C)
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Fig. 13 Effect of swash-plate angle (displacement) on
average temperature rises Az and Ats of valve-plate
(n=25 57", £,=30 °C)
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Fig. 14 Average temperature rises Afcp, Afsp, Atyp and Aty

at inlet oil temperature #,=40 °C (n=25s")
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Fig. 15 Average temperature rises Afcg, Afsp and Atyp at

inlet oil temperature #,,=20 °C (n=25 s 1)
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