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Strain Partitioning and Void Formation in Ferrite-
Pearlite Steels Deformed in Tension

Tsuyoshi Inoue and Shushi KinosHiTA

Synopsis.

A study has been made of the deformation behavior of pearlite nodule and void formation process in
the course of tensile deformation of ferrite-pearlite steels containing 0.05 to 0.91 wt9%,C.

Since pearlite nodule deforms to less extent than matrix, strain partitioning occurs between pearlite
nodule and matrix ferrite. The degree of partitioning increases as pearlite volume fraction decreases,
which means that the strain of pearlite nodule differs with the volume fraction of pearlite at a given
strain of the specimen.

As the deformation of specimen proceeds, void formation occurs at pearlite nodule and the strain at
void formation increases with decreasing volume fraction of pearlite. The strain of pearlite nodule at
this point, however, is approximately equal (¢,=0.3) regardless of the volume fraction of pearlite. Fur-
thermore, the estimated stress to pearlite nodule at void formation is about 110~120 kg/mm? in each steel
and this stress corresponds the fracture stress of pearlite nodule.

The results reveal that void formation in ferrite—pearlite steel occurs when the strain and/or stress of
pearlite nodule reaches to the critical levels relating to the fracture of pearlite nodule per se.
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Table 1. Chemical composition of steels.

Steel C Si Mn P S Al Vs Vi

DF 1 0.05 0.06 0.008 0.004 0.007 0.022 0.008 0.062
DF 2 0.17 0.06 0.008 0.005 0.007 0.022 0.026 0.209
DF 3 0.39 0.05 0.008 0.007 0.005 0.021 0.060 0.489
DF 4 0.58 0.05 0.008 0.009 0.006 0.021 0.089 0.712
DF 5 0.72 0.04 0.008 0.007 0.006 0.022 0.111 0.884
DF 6 0.91 0.04 0.008 0.012 0.005 0.020 0.140 1.000

+ V% : Volume fraction of carbide.
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Photo. 1. Microstructures of unstrained tensile specimens. Etched in 194 nital.

Table 2. Mechanical properties of normalized specimens.

DF 1 DF 2 DF 3 DF 4 DF 5 DF 6
uUTs ( kg/ mm?) 36.9 38.6 51.3 63.3 76.8 93.9
Elongation (%) 52.4 50.8 38.4 27.1 19.6 14.0
RA (%) 81.3 72.8 57.4 42.6 30.6 19.3
Fracture stress, o5 (kg/mm?) 97.8 93.6 96.8 98.6 104.2 112.7
Fracture strain, ey 1.664 1.302 0.853 0.554 0.365 0.214
ket k 81.05 84.94 101.53 113.88 126.21 133.85
g=re n 0.370 0.369 0.300 0.243 0.190 0.115
Vickers hardness of pearlite nodule (15g) | 251 287 274 284 259 271
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Fig. 1. Varation of fracture strain with volume
fraction of carbide in spheroidized and
normalized specimens.
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Fig. 2. Varation of fracture strain with volume
fraction of seeond-phase-particle in sp-
heroidized and normalized specimens,
regarding pearlite nodule as second phase
particle in normalized specimen.
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Fig. 3. (a) Sectioning of fractured specimen for
the observation of microstructure as a
function of strain. (b) Measurement of
dimension on the section to determine
the strain at distance x from fracture
surface.
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Photo. 2. Microstructures at fracture strain indicated in each photo. Tensile axis is parallel

to the horizontal direction of photos.
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Photo. 3.

Micostructures at strain indicated in each photo. Tensile axis is parallel

to the horizontal direction of photos. Etched in 19, nital.
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Fig. 5. Relationship between strain of pearlite
nodule and strain of specimen, showing
strain is partitioned to less extent to

pearlite nodule.

DF6 DF5S _ DF4

1.0 j/@
W ) @
o075} . oF3
el
2
g 05} o DFI
= DF2
= . . o/o
g o—
s 025 | o/
[
n

O I 1 A 1 A ' I "
0O 02 04 06 08 1.0 L2 4 1.6 18

Strain of specimen, &,

Fig. 6. Variation of partitioning ratio of
pearlite nodule with strain of specimen.
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Photo. 4. Scanning electron micrograph showing

voids at pearlite nodule in DF4 strained
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rain of pearlite nodule at void initiation

is approximately equal regardless of the

volume fraction of pearlite.
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(heavy solid line) to the calculated
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Fig. 10. Estimated stress to pearlite nodule vs

strain of specimen. Mark (A) indicates
the void initiation, showing stress to
pearlite nodule in each steel falls on the
essentially same level (110~129 kg/
mm?2) .
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