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Growth and Disappearance of Transversal Cracks on Stainless Steel Wire in Wire Drawing

Tetsuo SHINOHARA and Kazunari Y OSHIDA

Synopsis

: The surface crack is fatal for the spring which high fatigue characteristic is required. The surface crack of drawn wire has big influence on

the quality of product. As a cause of a surface crack, rolling of a wire rod and the poor handling at the time of conveyance are cited. The au-

thors carried out multi-pass drawing of the stainless steel wire with artificial transversal crack, and have investigated growth and disappear-

ance of crack from both sides of experiment and FEM. If drawing of the wire rod with a surface crack is repeated, it will become the check

mark which the width of a concave crack spreads. Furthermore, if drawing is repeated, it will become long and slender in the direction of an

axis by stress, and will become quite small. However, the crack of the direction of an axis remained and it was shown clearly that quality is

affected. Moreover, the influence which the surface treatment of peeling has on a wire was also considered.
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(a) Surface crack (®) Check mark
Fig. 1. Generated crack on wire surface in rolling or draw-
ing.
Table 1. Classification of surface cracks.”
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Fig. 2. Various crack shapes on wire surface.
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(a) Transversal crack

Fig. 3. Drawing model of a wire containing a transversal
crack and peeling part.

Table 2. Material property for FEM.

Material SUS304
Young's modulus £ / MPa 197000
Poisson's ratio v 0.28
Friction coefficient u 0.05
1600
s /1:1//'}//4:|
& 1200 -
= /n:‘/Ek
800
-0- 8US304
E 400
=
0
0.0 1.0 20 30
Plastic strain

Fig. 4. Work hardening diagram of tested stainless steel
wire.
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| (2) Initial crack shape

*(b) After2pass

c) After 4pass

Fig. 5. Shape changes of crack in cross-section during multi-pass drawing of wire with transversal crack of concave shape.
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Fig. 6. SEM images of surface and cross-section of drawn
wire by 5 drafts.
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Fig. 7. Shape changes of crack in cross-section during
multi-pass drawing of wire.
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Fig. 9. Change of U crack during wire drawing.
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Fig. 10. Drawing model of a wire containing a V shape
transversal crack.

120

Crackangle 7

Crack angle after drawing / deg

q +70deg  O40deg
30; DO60deg  <>30deg
AS0deg X 20deg
0 |
Overlap
-30 : L
0 1 2 3 4 5

Pass No.

Fig. 11. Criteria for recovery of surface crack by drawing
with various crack angle and number of repeated
drawing (h/Dy=0.01).
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Fig. 12. Comparison of experimental and FEM results in
crack deformation after drawing.
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Fig. 13. Change of the crack shape with various R/P often drawing (4/D,=0.01).
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Fig. 14. Growth and recovery of crack in wire drawing with various R/P and 7.
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Fig. 15. Cross-sectional recovery of a crack removal part
by drawing.
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Fig. 16. Equivalent strain distributions in drawing of wire
with the crack removed section by FEM.
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