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New Hot-rolled High Carbon Steel Sheets with Excellent Stretch-flange Formability

Takeshi FUJITA, Nobusuke KARIYA, Nobuyuki NAKAMURA and Hiroshi NAKATA

Synopsis

: The effect of microstructure on the stretch-flangeability of JIS S35C hot-rolled steel sheets was studied from the viewpoint of the

initiation/growth of voids in the hole-expanding process with ferrite—pearlite and spheroidized cementite steels.

In a comparison of ferrite—pearlite steel and spheroidized fine-grained cementite steel, total elongation was higher with the ferrite—pearlite
structure, while the hole-expanding ratio (1) of the spheroidized cementite structure, which is an index of stretch-flangeability, was superior
to that of the ferrite—pearlite structure. The hole-expanding ratio has a strong correlation with notched-tensile elongation, and a linear rela-

tionship was obtained with a long gauge length of GL=50 mm.

A notch-shaped crack occurred at the surface of the punched hole of the ferrite—pearlite steel in the hole-expanding test and rapidly propa-
gated along the ferrite—pearlite interface in the subsequent hole-expanding process.

In contrast, the punched hole surface of the spheroidized cementite steel was smooth, and after void initiation/growth in the hole-expand-
ing process, voids developed into cracks by coalescence, resulting in a homogeneous distribution of work strain.

Key words: S35C; high carbon hot-rolled steel sheet; ferrite—pearlite; spheroidized cementite; stretch-flangeability; hole-expanding ratio; void formation.
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Table 1. Chemical composition of steels used (mass%).

C Si Mn P S

Steel A 0.37 0.20 0.76 0.020 0.003

SteelB  0.36 0.20 0.70 0.013 0.004

993K

1.7x10%-s™ F.C

Steel B
Hot band,4.0t

Spheroidized annealing

Fig. 1. Experimental procedure.
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Annealing temperature (K)

Effect of annealing temperature on tensile proper-
ties of steel B.
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Fig. 5. Relationship of hole-expanding ratio to total elon-
gation in steels.
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Fig. 6. Relationship of hole-expanding ratio to notched
elongation in steels.
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Fig. 7. Punched edge surfaces during hole expanding.
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Fig. 8. SEM images of cross-sectional microstructures in vicinity of punched hole under 30% hole expansion.
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Fig. 9. MnS distribution in vicinity of punched hole under
30% hole expansion of steel B when annealing at
913 K. (a) Optical micrograph, (b) SEM image, (c)
EDX spectra.
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Fig. 11. SEM images of cross-sectional microstructure in vicinity of fracture surface of tensile specimens of steel A and B.
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14. Microstructures of conventional steel and devel-
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Fig. 12. Fractographs of tensile specimens of steel A and B.
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Fig. 13. True strain of fracture surface of notched tensile

specimens in steel A and B.
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Table 2. Mechanical properties of mill products.

YS TS El A Hardness

(MPa) (MPa) (%) (%) HV/HRB

Conventional 317 506 33 44 156 /82
Developed 386 488 38 80 150/78

A*: Hole-expanding ratio clearance: 20%
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Conventional Developed

Fig. 15. Appearance of burring test specimens.
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