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Effects of Cutting Groove on Radial Clamping Force of a Slide Valve’s Spool
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Abstract: The radial force distribution of the spool is analyzed using computational fluid
dynamics’ software to solve the problem that radial clamping force is generated on the shoulder of
the valve spool for the difference in flow velocity around the groove because of the existence of the
cutting groove in the house of slide valve. A mathematical model of the pressure distribution is
derived based on the inner flow channel structure of the slide valve with combination of the ideal
fluid’s Bernoulli equation and the accuracy of the model is verified by experiments. The results
show that the radial pressure distribution on the spool shoulder is uneven, and the valve increases
in quadratic polynomial form with the groove’s depth, width, and inlet flow rate, while a
decrease in square relation with the distance from the position to the exit port. The radial
clamping force on the spool shoulder is 4. 2 N when the inlet flow is 40 L./min and valve opening
is 0. 5 mm, which is 16 times larger than the value under 10 L/min. The force increases to 14. 47
N when the depth of the groove is halved. Finally, an eccentric groove structure is proposed, and
simulation results show that the structure reduces unevenness of the radial pressure on the spool

by more than 64% when the flow is larger than 40 L/min, and effectively reduces the radial
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clamping force of the spool.

Keywords: slide valve; cutting groove; radial clamping force; eccentricity
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