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High-Speed Shearing with Stress Concentration and
Fracture Behavior of High-Strength Metal Bars
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Abstract: Due to the deficiencies of low efficiency and precision in traditional shearing methods, a
new high-speed precise shearing method with stress concentration is proposed for high-strength
metal bars. The influence of geometric parameters of circumferential notches is analyzed on
theoretical stress concentration coefficient. High-speed shearing finite element models are
established for 42CrMo bars with notches processed by milling cutter or laser, and the effects of
notches on fracture behavior, such as damage initiation and three-dimensional crack propagation,
are revealed based on distribution of equivalent stress, plastic strain and stress triaxiality.

Besides, comparative experimental tests are conducted, and section quality is evaluated for
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notched and unnotched 42CrMo bars. The results show that for unnotched bars, the damage
initiation needs more accumulation of plastic deformation, and squeezed flashes are left on the
fracture section. As contrast, the new method effectively restrains the plastic deformation near
the notch and improves the section quality, with roundness error from 11.2% to 2.3%—4. 7%,
flatness error from 1. 08 mm to 0. 58—0. 65 mm, and the maximum bending deformation from
1.5 mm to 0. 4—0. 5 mm. The maximum shear load and fracture energy also decrease significantly. In
addition, compared with milled notches, the narrow and sharp notches by laser further reduce the

shear load and fracture energy. The new method shows advantages of high efficiency and precision, and
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low energy consumption.

Keywords: precise shearing; high-strength bar; high-speed; circumferential notch; fracture
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Fig. 1 Conventional high-speed shearing method and

cropped bar with radially compressional deformation
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Fig. 2 Schematic diagram of the new high-speed precise
shearing method for metal bars with stress

concentration
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Fig. 3 Force diagram of metal bar in the shearing process
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