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Penetration of Mild steel sheets by Conical punch

Shun—ichi Kawano, Shin—ichi Fujita and Shigetoshi SHIMIZU

Abstract

This investigation presented an approach for estimating the energy was during the penetration of a circular
thin metal sheet by a conical punch, based on the J-integral R-curve approach to characterizing a material’s
resistance to fracture. The formula for the estimation of the total work done during the penetration was
proposed by using the tear modulus, T. The penetration tests on the circular thin sheets of mild steel, whose
thickness were 1.0, 2.1 and 3.1 mm, and whose diameters were 450 mm, were carried out at a quasi-statical
speed using conical punches with punch angles of 30 and 45 degree. The effects of plate thickness and punch
angle on the plate failure mode, the number of petals, the thickness directional strain e, , and the total work
done were investigated. The estimated values of the total work done by the proposed formula was found to
be in fairly agreement with experimental results.
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Tablel Mechanical properties of SS41

Thickness | Yield Stress| Ultimate Strength | Elongation
(mm) (MPa) (MPa) (%)
1.0 185 292 45
2.1 247 339 38
3.1 252 390 41
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Fig. 10 Fracture mode of penetration for 1.0mm
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Fig. 11 Fracture mode of penetration for 2.1lmm
thick specimen

Fig. 11 (2 #E2. lmm, K> FIEASE O EFEEE
BOBEHEAPRT, XZ2PTA4THY, SREHE/S
BETELWHTER, wb 2 BHEEICEEML 2
WRAEE LT,

Table2 Number of petals

<

Thickness
Punch (mm) 1.0 2.1 3.1
Angle
30 3 4 4
15 3 4 4

Table 2 CRIREB L UOE L FIEAIIHT 2 22
nE®RT.n BREOAEKEFEL TB D, KEBRTH
Ry FIEAOHEB TR, n I CRIFTEADEEIIA
shmhois,

(a)

compact tension
specimen

(b)  penetration (c)
specimen

Fig. 12 Photographs of specimen cross section
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(b)  Compact tension specimen
Fig. 13 Variation from through thickness strain
in the direction of crack growth
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