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Longitudinal Cracking in Metastable Austenitic Stainless Steels during Cold Drawing

Koji TAKANO, Masuhiro FUKAYA and Hiromichi FUKUMA

Synopsis : Cracking parallel to the wire axis (longitudinal cracking) occurs during or after the drawing of metastable austenitic stainless steel wires. In

this paper, the mechanism of cracking was investigated in relation to the behavior of deformation induced martensitic transformation, hydro-

gen content and residual stress in the steel wires drawn under different several conditions. Results obtained are as follows:

(1) Martensite formed through deformation induced transformation is of lath-structure, but the lath-structure is broken and changed to

dislocation cell structure during heavy drawing, which is characterized with the poor ductility.

(2) Microcracks are formed around inclusions and carbide particles which are just in the heavily deformed martensite with dislocation

cell structure. This leads to the cracking parallel to the wire axis.

(3) Such a cracking occurs not only during drawing but also during aging at room temperature after drawing with the asist of residual

stress and diffusive hydrogen.

(4) Main reason for the cracking is thought to be stress concentration at inclusions and carbide particles which results in the formation

of microcracks, and the structural change of martensite, existence of hydrogen and residual stress are secondary factors which promote the

crack initiation.
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Fig. 1. Fracture modes found in drawn wires.
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Table 1. Chemical composition of the steel used. (mass%)
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Fig. 2. Treatment root for the production of steel wires.
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Fig. 3. Fracture suface of a broken wire with 79% cold drawing.
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Fig. 4. Changes in hardness and ductility with cold draw-
ing. Solid circles are for the wires which have un-
dergone breaking after cold drawing. Ductility was
evaluated by the reduction of area in tensile tests.
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Fig. 5. Changes in hardness and ductility with cold draw-
ing. Solid circles are for the wire with vertical
cracks. Ductility was evaluated by the reduction of
area in tensile tests.

Fig. 6. Fracture surface of a 70% drawn wire which under-

goes the vertical cracking. SEM(b) and (c) are
magnified images of the area (A) and (B) in (a), re-
spectively.
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Fig. 7. Relation between drawing reduction and hardness
of wires drawn at different temperatures. Solid cir-
cles are for the wires with vertical cracks.
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Fig. 8. Changes in the amount of martensite induced by

cold drawing. Showing the effect of drawing tem-
perature on the deformation induced martensitic
transformation.
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Fig. 9. Transmission electron microstructures of drawn wire. (a)-1, 2: lath martensite induced by 31% cold drawing. (b)-1,
2: martensite with dislocation cell structure which was formed after 48% cold drawing.
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Fig. 10. Relation between drawing reduction and hardness

of wires drawn at different hydrogen content.
Solid circles are for the wires with vertical cracks.
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Fig. 11. Effect of interval aging (1 hour) between die set-

ting on the occurence of vertical cracking. Vertical
cracks are frequently found in wires drawn the
spesified dies (60%, 70% and 74%).
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Fig. 12. Relation between drawing reduction and residual
stress on the surface of drawn wires.
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Fig. 13. Schematic illustration showing the mechanism of
microcrack formation.
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