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Abstract: Aiming at the complicated time-variant flow coefficients and strong coupling notch
structure parameters of K-K shape notches, the research of K-K shape notch flow pressure drop
characteristics of the hydraulic cylinder spool valve is carried out using the flow area parameter
model (FAPM). First, the mathematical model of K-K shape notch’s flow area is derived, which
is equivalent to the combination of three single-stage notches. Then, based on computational fluid
dynamics (CFD) and response surface model (RSM), the FAPM model of the K-K shape notch
under limit saturation flow is established. Finally, the mapping relationship between the

combined notch spool structure and flow-pressure drop is obtained on the basis of the FAPM
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model. The results show that the limit saturation flow requirement is met when the inlet volume

flow is 7. 31 L/min, and the flow coefficient is independent of inlet volume flow at this moment.

When the inlet volume flow is 20, 30 and 50 L./min, the average deviations of the K-K shape

notch valve port pressure drop between the value predicted by the FAPM model and the CFD

simulation value are all below 7%. The proposed model effectively realizes the approximate

expression of K-K shape notch structure and can be applied to other types of notches.

Keywords: hydraulic cylinder spool valve; K-K shape notch; flow area parameter model; flow

pressure characteristics; computational fluid dynamics; response surface model
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Fig. 1 Flow-amplified hydraulic spool valve structure

(spool at the middle position)
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Table 3 Range of design variables

BUAH T8 [ o /mm D/mm R/mm W /mm
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Table 4 Experiment samples of OLHD

HA%S  x0/mm D/mm R/mm W /mm
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2 2.98 8. 57 16. 33 3. 00
3 1.67 8.19 13. 46 1.75
4 3.99 7.57 13. 24 1.99
5 2.69 10. 8 15. 45 2.35
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Table 5 Error analysis of the FAPM model

1R 22101 a b ¢ R
R 24 0.082 0.067 0.013 <0.2
75 iR 0.096 0.088 0.017 <0.2

R R 0.943 0.949 0.991 >0.9
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Table 6 Structural parameters of equivalent K shape notches

and FAPM model predicted parameters

WA 28/ mm A a b ¢

ol 2. 54
D, 9.00

K, —0.041 4 1.070 2.496
R, 16. 00
W, 1. 60
Toz 4. 54
D, 9. 00

K, —0.066 1 1.728 4,544
R, 16. 00
w, 2.50
Xo12 4.54
D, 9. 00
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R, 16. 00
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D, 9. 00
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