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Study on improvement of V-groove process for

metal-fluoroplastic composite valve spool
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Abstract : The metal-fluoroplastic composite sealing structure is mostly used in valves of liquid rocket
engine. Generally, there is a V-shaped groove transition at the junction of metal and fluoroplastic. During
processing the metal-fluoroplastic composite V-shaped groove, iron filings splashing out are likely to dam-
age the fluoroplastic surface or cause poor surface roughness. In order to solve this problem, the tool pa-
rameters were designed by analyzing the structural characteristics of metal-fluoroplastic composite seal ,
summarizing the shortcomings of the traditional machining process and optimizing the cutting route. Using
the finite element simulation technology, the 3D simulation software DEFORM was used to simulate the
cutting process, and the average cutting force of the cutting process was calculated. In addition, the simu-
lation results were optimized with the orthogonal test method. Finally, the processing method of metal-flu-
oroplastic composite V-groove was improved from three aspects of process method, tool parameters and
cutting parameters. The proposed improvement scheme solves the problem of iron filings splashing during

the metal-fluoroplastic composite V-groove processing process, and improves the production qualification
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rate of the metal-fluoroplastic composite valve spool. This improvement scheme has been applied to the

production process of various composite valve spools.

Keywords: composite structure; mechanical processing; cutting parameter; finite element simula-

tion; orthogonal test; process improvement
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Fig.1 Metal-fluoroplastic compound V-shaped

groove ( angle is a)
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Fig.2 Surface damage of fluoroplastics
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Fig. 3 Layered point-by-point approximation
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Fig. 4 Cutting route of compound V-shaped groove
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Fig. 5 Machining tool of compound V-shaped groove
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Tab.1 Tool geometric parameter
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Tab.2 Parameters in Johson-Cook material equation

24 ¢
¥4 JE IR J3 A/MPa 968. 88
i {L A& B/MPa 567. 17
AL FEH n 0.375
ik S4C 0. 0394
BAkTEE m 1.30

Stress * Effective(MPa)

(a) @,=0.1 mm

(b) @,=0.05 mm

(c) a,=0.03 mm

(d) @,=0.02 mm
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Fig. 6 Simulation of cutting process
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Tab.3 Selected factor level of cutting simulation

n a
(S /(r+min™") /mpm /(mmf- r')
1 200(A1)  0.03(BI) 0.01(C1)
2 300( A2) 0.05(B2) 0.02(C2)
3 400( A3) 0.10(B3) 0.03(C3)
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Tab.4 Scheme of orthogonal cutting simulation
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Tab.5 Simulation results of cutting force

55z f./N f./N f./N
1 0.45 10. 90 1.83
2 0.35 10. 80 1.79
3 1.57 20.70 2.77
4 0.51 10. 80 1.82
5 0.22 10. 90 1.82
6 1.72 21.30 2.80
7 0.70 15. 00 2.30
8 0.37 6.70 1.42
9 1.56 17.30 2.42
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Tab. 6 Range analysis table
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Fig.7 Processing effect of compound V-shaped groove
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