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Effect of Punch Shapes on Failure Instability of Expansion Tube
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Abstract : The rupture of an expansion tube is mainly affected by the expansion ratio and the external shape of the
punch used to expand the tube. In order to prevent the tube from rupture, the effect of the external shape of the punch
should be considered in the design. The aim of this paper is to confirm the effect of key design parameters of the punch
on rupture of the tube using a finite element analysis with a ductile damage model. The results of the analysis indicated

that the expansion ratio of the tube was mainly affected by variation of the radius of the punch. However, the rupture

was more affected by variation of the punch angle than the radius of the punch. The existence of a specific punch angle

at which rupture did not occur, even if the radius of the punch was increased, was found from the results.
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Effect of Punch Shapes on Failure Instability of Expansion Tube

Table 1 Failure parameters with respect to notch shapes (R)

Necking Failure
R(mm) —pl —pl
e n £ n

2 0.141 0.81 0.33 0.859
4 0.174 0.603 0.383 0.647
co 0.152 0.333 0.68 0.348
1.0

_ Approximation :  K:0.277,n:-0.847
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Fig. 6 Schematic diagram for finite element analysis

Table 2 Primary dimensions

Variable R R Rep L ! “«
(mm) | (mm) | (mm) | (mm) | (mm) | (deg)
105,107.5, 15,30,
Value 110,115 93 20 | 350 11 45.50
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Table 3 Dy and expansion ratio, Dy (expansion ratio)

Ro(mm) |5 107.5 110 115
o(deg)

s 20221 | -0207 | -0.185 | -0.14
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0 20123 | 009 | -0076 | -0.07
(1.155) | (1187 | (1.213) | (1.25%)

45 20123 | -0.066 | -0.011 | 0.066
(1.155) | (1187 | (1.218) | (1.282)

5 20123 | 0069 | -0011 | o0.114
(1.155) | (1.187) | (1.218) | (1.282)
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