FEHUFTE3A AM2037 A 635 (2003 69)
Journal of the Korean Society of Precision Engineering Vol. 20, No. 6, June 2003,

At

o2t

ool 2

o

A

=
I
lo
50
Of
i
H
0

MelT, A, MEH, 2oF
Flow Force Compensation by Stepped Spool Valve

Weon Gyu Shin*, Hyun Young Choi’, Hyo Pil Shin", Eui Joon Moon"

ABSTRACT

This paper is on the study of flow force compensation for spool type valves. A simple method for flow force
compensation using a stepped spool is presented in this paper. It is easy to manufacture the stepped spool of the
presented method because the shape of it is simple. The method has another merit that the size of valve need not be
increased. Actuating force required for driving the spool can be decreased through the compensation of flow force. The
effect of presented method is predicted through CFD analysis. The results of the CFD analysis are also utilized for the
optimization of step shape. The prototypes of flow force compensated Direct Drive Servo-Valve are manufactured, and

the measurements of flow force are carried out. The measured effect of flow force compensation is very similar to that
from the CFD analysis.
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C, = velocity coefficient d, = diameter of spool land
A = area of metering orifice d; = diameter of step for flow force compensation
Py = Supply pressure d, = diameter of spool rod
Pp = Return pressure
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F 4 = force exerted on wall ‘A’ of spool land
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Fig. 2 Schematic of the assembly of sleeve and spool
suggested for flow force compensation
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Table 1 Magnitude of flow force according to various
dimension of spool(Supply—C1)

dr ds w Flow Flow
(mm) | (mm) | (mm) | force(N) | rate
CASE1| 46 - - 351 -
CASE2| 3.0 5.4 1.9 13.2 -1.28%
CASE3| 3.0 - - 73.6 +0.2%
CASE4| 54 - - 49.0 -1.09%
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Fig. 4 Velocity Contour of CASE 1 (Supply—C1)
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Fig. 5 Velocity Contour of CASE 2 (Supply—C1)

Table 2 Effectiveness of flow force compensation

CASE
CASE 1(N) | CASE 2(N)
Flow force
Fsupply—~Ci 35.1 13.2
Fca5Return 57.3 57.3
Flow force 92.8 70.5
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Fig. 6 Optimization of dimension of stepped spool
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Fig. 7 Experiment for flow force measurement
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Fig. 8 Result of flow force measurement
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