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Abstract

Spring components are typical thin-walled pyrotechnic parts, which are traditionally manufactured
by separate processes of machining and single-operation stamping. This production mode is charac-
terized by long production cycles and high manufacturing costs, and is gradually inconsistent with the
development trend of commercial aerospace. In this paper, combined with the design requirements
of spring components, a study on the industrialized production of spring components using progres-
sive stamping is carried out. The feasibility of spring component processing is evaluated based on
simulation analysis results, and progressive dies are designed while the stamping industrialized
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production process is formulated. The research results indicate that spring components can be pro-
duced by means of progressive dies, with all inspection results meeting the requirements of design
drawings, which can significantly reduce production costs and greatly improve production efficiency
simultaneously.
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Figure 1. Structural drawing of spring component
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Figure 2. Traditional single-operation machining process route for spring components
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Figure 3. Process flow chart for industrialized stamping of spring components
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Figure 4. Physical image of precision stamping coil stock
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Table 1. Elemental analysis results of high-hardness coil stock
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Figure 5. Simulation analysis results of stamping forming limit for spring components
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Figure 6. Simulation analysis results of stamping thinning rate for spring components
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Figure 7. Simulation analysis results of springback in stamping of spring components
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Figure 8. Process sheet for precision stamping of spring components
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Figure 9. Design drawing of the lower die for precision stamping of spring components
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Figure 10. Design drawing of the upper die for precision stamping of spring components
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Figure 11. Physical image of precision stamping die for spring components
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Table 2. Summary table of machining quality for small-batch verification of spring components

2 BEMPMMBBRIENTRELSR

Fa R o CP 1 CPK {8 IR E R
1 966 (~0.06, —0.18) 40 1.67 1.11 100%
2 960 (0, —1) 40 3.27 2.09 100%
3 944 (+1, 0) 40 2.53 1.82 100%
4 5+0.2 GCH %) 40 2.38 1.31 100%
5 5+0.2 GCHEE) 40 1.81 1.50 100%

Xof 3 s i PR SRR A AT WO RD RIS T, A 12 P o ARSI, A4t i 22 97 s 2 1 oA
JERRAN AL, i e AN TN SR . IS R R A W AT R S e, R SR RS
WS P Z TR AR .

Figure 12. Physical image of spring components after plating and coating adhesion test diagram
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Figure 13. Metallographic comparison of spring components produced by new and traditional processes (Left: Preci-
sion industrial stamping; Right: Traditional process)
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