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Abstract—Recently, the importance of variable displacement piston pump is increasing in industrial
world. Especially, most consumers require various range of pressures and flow rates. Pressure
compensator is a system controlling flow rate in piston pump at low cost and, therefore, satisfies the
need of consumers. However, the system has serious problems, such as response and leakage. The
response and leakage are affected by clearance between actuator piston and cylinder, roughness of
surface, and spool overlap. In this paper, these effects are investigated experimentally, and optimal
clearance and chamfer is obtained. While diameter of cylinder is fixed and diameter of actuator
piston is changed in this experiment, response and leakage are measured. Also parameters such as
roughness and processing accuracy are changed for piston of fixed clearance. Experimental setup
modelled into several parts of actuator piston, cylinder, spool, and swash plate. Input pressure is
changed by function generator and proportional valve. The result of this experiment shows that
leakage increases very much in proportion to the increace of clearance, and especially leakage occurs
enormously when clearance is more than 0.002. The response is not good because as clearance
increases leakage increases and as clearance decreases viscous damping effect increases. Accordingly,
it is found out that optimal clearance range exists for the response, within about 0.0012~0.0014, at
this time. Futhermore, the better roughness and geometrical accuracy of actuator piston are, the
smaller are leakage and friction. The paper informs that response and leakage are influenced by and
geometrical accuracy of actuator piston, roughness of surface, and the clearance between actuator
piston and cylinder, and that optimal design of actuator piston in the pressure compensator is possible.

Key words—piston pump, pressure compensator, response, swash plate.
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Fig. 2. Result of simulation (ramp input).

Table 1. Data of actuator pistons

Mass 30¢g

Diameter ¢ 10 mm
Clearance control 0.0011~0.0021 mm
Thickness of actuator piston head 3 mm

Diameter of actuator piston head 2 19 mm

Length of sliding part 38 mm

Table 2. Data of spools

Mass 5g

Diameter 3 4 mm
Overlap control 0.08~0.16 mm
Diameter of return hole s 1 mm
Length 27 mm
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Fig. 4. Schematic diagram of measurement system.
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Fig. 5. Characteristics of pressure and angle (ramp input).
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: receiving area of spool
: receiving area of actuator piston

: coefficient of viscosity resistance of actuator

piston

: coefficient of viscosity resistance of swash plate
: coefficient of viscosity resistance of spool

: diameter of actuator piston

: (diameter of hole-diameter of actuator piston)/2
: swash plate moment of inertia

: polytropic index of nitrogen gas

: bulk modulus of fluid

: spring rate of spool spring

: spring rate of return spring

: leakage coefficient of pump

: leakage coefficient of actuator piston

: leakage coefficient of high pressure chamber

to return chamber

: distance between the center line of shaft and

actuator piston

: mass of actuator piston

: mass of spool

: revolution speed of pump
: pressure of chamber 1~3
: pressure of housing

: pressure of N,

: pressure of discharge chamber
: pressure of return chamber

: setting pressure

: pressure of suction path

: flow rate through orifice i

: theoretical delivery flow rate

: actual pump fluid flow rate

0~0Qs :

: inlet orifice(i) opening area

fluid flow rate through area A,~A

Journal of the KSTLE

Vi~V,: volume of chamber 1~3

Vy,

Vo
X

Xo

: volume of N,

: volume of discharge chamber
: spool displacement

: initial spool spring deflection
: initial return spring deflection
: density of oil

: swash plate angle

yA'IA,\i : maximum swash plate angle
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