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Design of a Multi-Step Warm Heading Process for Subminiature Screws
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A multi-step warm forging process for subminiature screws is investigated. Due to the low formability of Titanium alloys, bit
forming of Titanium screws is difficult by cold forging. In order to overcome this low formability of Titanium alloys, two can-
didate processes, i.e., multi-step forging and warm forging are introduced. First, a multi-step (two-step) forging process is
investigated. The punch shape and stroke of forging during the first step is designed via various analyses. Finally, the bit
formability is investigated at different forging temperatures. Analyses are carried out for two-step forging at various tempera-

tures and the formability under these thermal conditions is compared.
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Fig. 1 Examples of forming defects of subminiature titanium screws

|
(@) (b) (c)

Fig. 2 Configuration of the two-step head forging processes: (a) The
initial billet, (b) The intermediate preform, (c) The final
product
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Fig. 3 Punch shapes for 1st preforming: (a) Model 1, (b) Model 2,
(c) Model 3, (d) Model 4
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Fig. 4 Stress-Strain curve of Titanium Gr. 4 at various temperatures
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Fig. 5 Deformed shapes after tensile test: (a) CW_25°C, (b)
CW+HT_25°C, (¢) CW+HT_150°C, (d) CW+HT_200°C, (e)
CW+HT _250°C

Table 1 Tensile test results and predicted critical damage

Materials Elongation  Area reduction Critical

(%) ratio (%) damage
CW_25°C 16 24 0.96
CW+HT 25°C 23 26 0.98
CW+HT _150°C 23 30 143
CW+HT 200°C 24 32 151
CW+HT 250°C 20 35 135
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Fig. 6 Deformed shapes and predicted damage values after tensile
test analysis: (a) CW_25°C, (b) CW+HT 25°C, (c)
CW+HT_150°C, (d) CW+HT _200°C, (e) CW+HT_250°C
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Fig. 7 Deformed shapes after final forging for various L,

(b) After 1 step

(¢) During 2 step (d) After 2" step

Fig. 8 Deformed shapes during and final 1st and 2nd forging (1st
forging punch: Model 1)
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(a) During 1% step (b) After 1%t step
(c) During 2" step (d) After 2" step

Fig. 9 Deformed shapes during and final 1st and 2nd forging (1st
forging punch: Model 2)
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Fig. 10 Deformed shapes during and final 1st and 2nd forging (1st
forging punch: Model 3)
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Fig. 11 Deformed shapes during and final 1st and 2nd forging (1st
forging punch: Model 4)
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Fig. 12 Deformed shapes and predicted damage after final forging
for various temperatures: (a) CW_25°C, (b) CWH+HT 25°C,
(¢) CWHHT _150°C, (d) CW+HT 200°C, (¢) CW+HT _250°C
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Table 2 Maximum normalized damage values for various forming

temperatures
Materials and forging Normalized
temperature damage
CW_25°C 0.75
CW+HHT 25°C 0.69
CW+HT _150°C 0.50
CW+HHT 200°C 0.47
CW+HT 250°C 0.53
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