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Design method of regulating valve spool based on Chebyshev polynomial fitting
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Abstract : For the characteristics of the control valve spool in different flow characteristics with parabola con-

tour,a design method of regulating valve spool based on Chebyshev polynomial fitting was proposed. According

to the relationship between the flow coefficient and the flow area, the curve equation of spool was aquired by

fitting the point on the spool contour which used the Chebyshev curve fitting method and then the Fluent was

used for software simulation and experimental verification of the designed spool curve. The results showed that

the deviation of the flow characteristic of the spool design was 1.9% ~14.1% , which conformed to the stand-
ard TEC 60534-2-4.1989 in the range of 10.0% ~18.4% . The design method was practical and feasible.
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Fig.1 The shetch map of regulating valve

spool linear schematic
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Table 1  Linear flow characteristics spool line data
piy: 3 EC TR A B AL R WPALFR
/% A/em’ x/mm ¥/ mm

10 1.03 24.36 6.50
20 2.06 23.72 13.00
30 3.09 23.02 19.50
40 4.13 22.28 26.00
50 5.22 21.45 32.50
60 6.44 20.52 39.00
70 7.92 19.50 42.34
80 10.20 18.00 49.12
90 14.05 15.00 55.22
100 19.63 10.00 60.31
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Table 2 Chebyshev polynomial base

coordinate transformation values mm

X t To(t) Tl(t) Tz(t)

24.36 1.000 0 1 1.000 0 1.000 0
23.72 0.910 8 1 0.910 8 0.626 5
23.02 0.813 4 1 0.813 4 0.3232
22.28 0.710 3 1 0.710 3 0.009 1
21.45 0.594 7 1 0.594 7 -0.292 7
20.52 0.465 2 1 0.465 2 -0.567 1
19.50 0.323 1 1 0.323 1 -0.791 2
18.00 0.114 2 1 0.114 2 -0.973 9
15.00 -0.3036 1 -0.303 6 -0.8157
10.00 -1.000 0 1 -1.0000 - 1.0000
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Fig.6 Regulating valve structure size
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Fig.7 Three-dimensional fluid simulation of meshing
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Table 3 Straight line characteristics of

spool pressure drop simulation results

B/ % JEF#/Pa I/ % JEFE/Pa
10 124 025. 85 60 6 470.57
20 59 190.79 70 4 825.86
30 28 763.17 80 3.710.90
40 17 406. 24 90 2 984.01
50 10 990. 05 100 2 633.84
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Fig.8 Flow coefficient ratio comparison chart
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Table 4 Comparison of flow deviations %

THE feiFfzs B2
10 18.40 14.10
20 17.23 -5.10
30 16.10 -4.60
40 15.04 -5.50
50 14.05 -3.40
60 13.13 6.08
70 12.26 6.13
80 11.46 6.50
90 10.70 7.39

100 10. 00 1.90
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14.1%.
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