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Abstract : Variable displacement type piston pump uses various controllers for controlling more than one state
quantity like pressure, flow, power, and so on. These controllers need the mathematical model closely expressing
dynamic behavior of pump for analyzing the stability of control systems which usually use various kinds of state
variables.

This paper derives the nonlinear mathematical model for variable displacement type piston pump. This model consists
of two 1st oder differential equations by the continuity equations and one 2nd oder differential equation by the motion
equation. To simplify the model we obtain the linear state variable model by differentiating the three nonlinear
equations. And we verify this linearized model by comparison of simulation with experimentation and analyze the
stability for the flow/pressure control. Finally this paper suggests the design compensation to ensure the stability of the
systems.

Key words : Design compensation(”d A 2.4}, Stability(2H A]), Pressure control (42 Al ©]), Flow control (5%
o}), Variable displacement(7}# & %), Piston pump(¥] =% 3

Nomenclature J,, :massinertiaof swash plate
A, :control part area of servo cylinder A bulk modulus of elasticity
. K, :spring constant of servo piston
A, piston areaof pump s 9NNy P
. K, :proportional gain of servo valve

A, :supply part area of servo cylinder

- . K, tilting friction coefficient
C,. :leakage coefficient of servo cylinder ! 9

L vertical length between servo cylinder ball and

G, leakage coefficient of pump o
tilting center

D, specific volumetric displacement
¥ P L, :compressed distance of spring at '0' tilting angle

; . vertical length between pump piston ball and
¢ o g pump p m,, :massof holding plate
tilting center

m, :massof piston
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4 2yel

: mass of servo cylinder

n:number of pistons

P, control pressure of servo cylinder

;. discharge pressure of pump

: mean pressure acting on piston

P, :supply pressure for servo valve

AP : differential pressure of servo valve

@, :supply flow for hydraulic actuator

R :pitchcircleradius

R, :vertical length between acting point of piston
and tilting center of swash plate

u :inputsignal of servo valve

V. :volume between servo valve and servo cylinder

V, :volume between pump and actuator

6 : rotation angle of cylinder block

a  :tilting angle of swash plate

a,, :maximum tilting angle

: input rotation speed

: timing angle

: notch angle of groove in discharge pressure port

S S 2 e

: notch angle of groove in suction pressure port

: shape coefficient of groove
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Fig. 7 Photo of experimental apparatus

Table 1 Specification of test pump

lz?::' Specification l:l‘;‘:}? Specification
A, 1.13 % 107 % m? . m, 0.28 kg
A, 4.52 =107 m* [ T, 0.86 kg
A, 3.14 %107 % m? P, 4.3 % 10° Pa
G 1.0 = 10° “¥m* /s - Pa i 0.0475 m

Gy 4.4 > 10" "m® /s - Pa Vi 6.28 > 10 'm?

1, 0.621 = 107 * m® frad V. 3.80 = 1077 m?
€ 5.5 10 *m ay, 0.28 rad
Top 2.80 % 107% kg - m?® ~ 0.1 rad

K 2.45 % 10" Pa & 0.3 rad

L 848 =107 % m &, 0.15 rad

L, 5= 107% m v 90 rad/s
y, 0.32 kg
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