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Figure 2-4 Schematic diagram showing the free energy change for a martensite transformation
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Figure 2-5 (a), (b) microstructure of the QP-I sample; (c), (d) microstructure of the QP-A
sample[3]
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Figure 2-10 Schematic diagram of deformation and necking in (a) uniaxial tensile test: diffuse
neck followed by the localized neck, and (b) hole expansion test: no diffuse neck, only localize
neck &/ crack propagation
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Figure 3-1 Schematic illustration of (a) punching, and (b) wire cutting
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Figure 3-5 Specimens for notched In-situ tensile test
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Figure 4-7 SEM image for defect observation after wire cutting (a) cross section, (b) defects on
edge, (c) defects on inner
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Table 4-1 Nanoindentation hardness for each phase

Nanoindentation hardness (GPa)

Tempered Martensite Retained austenite +

Ferrite + Bainite Fresh martensite
4.34 5.03

Q&P 0.3%) (+0.39) 5.80~10.2

4
B R AP
/B
| g

(@]
He Hrwe Hrarm
. 4.21 5.00

3 4 5 6 7 8 9 10 11
Hardness (GPa)

(+0.15) (+0.39) 582~102
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Figure 4-11 Load-depth curves of Q&P steels after nano indentation test
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Figure 5-3 Displacement-Force curve and SEM images for microstructure during tensile test
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The demand for the weight reduction of automobiles is steadily increasing, due to global
environmental regulations and fuel economy regulations. To reduce the weight of automobiles,
various high-strength steels have been actively developed, in addition to the lightweight
materials such as Al and Mg alloys. Among them, quenching and partitioning (Q&P) steel is
attracting large attention as a next-generation high-strength steel for automobiles, due to its
characteristic mechanical properties. Although Q&P steel has such an excellent combination
of high strength and large elongation, the stretch-flangeability estimated as hole expansion
ratio (HER) is frequently a critical property to avoid fractures in actual parts. It is generally
known that the stretch-flangeability of Q&P steel is largely affected by the stability of retained
austenite, but recently, it has also been reported that the effect of characteristic multiphase

microstructures is more significant.

In this study, the effects of the microstructure on the stretch-flangeability of 980 MPa grade
Q&P steel were principally investigated. A hole expansion test was conducted with a focus on
the deformation and fracture behaviors of the steel. For preparing pre-holes, two piercing
methods of punching and wire cutting are applied, in order to examine the effects of plastic
deformation applied before hole expanding. By punching, large plastic deformation is applied
to the hole edge of the steel, while the steel is hardly deformed by wire cutting. When the pre-
hole was prepared by punching, most of the retained austenite was transformed into
martensite and the plastic deformation was considerably concentrated on ferrite. In addition,
a number of defects such as voids and small cracks were observed at the edge of the hole.
Accordingly, during subsequent hole expanding, the crack propagated rapidly along the
weakened ferrite area connecting the defects with little plastic deformation. As a result, a low
HER was obtained. In the case of wire cutting, on the other hand, retained austenite was
wholly preserved without plastic deformation and any defects such as voids and cracks were
not observed at the edge of the hole. During subsequent hole expanding, considerable plastic
deformation occurred not only in ferrite but also in bainite and tempered martensite. At the
same time, retained austenite was gradually transformed to martensite, which caused work
hardening of the steel. Therefore, the considerable plastic deformation occurred uniformly
during hole expanding, and crack initiation and propagation were considerably sluggish.

Consequently, a much higher HER was obtained.
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