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Effect of prestrain and strain path on Retained Austenite
transformation and eventual fracture behavior of Q&P steels
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Abstract. Post-forming fracture behavior of Quenched & Partitioned (Q&P) steel grades can be
compromised because of reduction of available Retained Austenite (RA) and formation of fresh martensite
during stamping. A study was undertaken to characterize the post-forming fracture behavior of two Q&P
steel grades of tensile strength 980MPa and 1180MPa. Using the Marciniak test, samples were formed to
different strain levels under plane strain and balanced biaxial conditions. Following forming, samples were
extracted to determine the fracture strain using the VDA238-100 bend test with Digital Image Correlation
(DIC). In both steels, it was found that while the post-forming fracture strain had a strong dependence on
the remaining RA after pre-straining, the strain path had a lower influence.
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1 Introduction

Cold stamped Advanced High Strength Steels (AHSS)
have been successfully developed and utilized in
automotive body structures in the last two decades. The
newest third-generation AHSS grades, also called
Quenched & Partitioned (Q&P) steels [1, 2], offer the
best combination of strength and ductility. This results
from the presence of retained austenite (RA) in the
microstructure, which enhances the work hardenability
and formability through the transformation of austenite
to martensite enabling cold stamping of complex parts.
The change in constituent microstructure during
stamping also impacts various property attributes of the
steel. Numerous investigations have been conducted
over the years to understand the factors that influence
the transformation of RA to martensite during
deformation and resulting impact on steel properties [3-
17].  Full comprehension of the microstructural
transformation and mechanical behavior of these steels
during and post deformation is essential for optimizing
press formability and efficient end-use implementation
of the stamped component in automotive structures

The effect of microstructural features in Q&P steels
especially the effect of near neighbourhood phases, their
morphology and strength, and effect on crack
propagation has been studied by multiple investigators
[3-5]. The role of fresh martensite on the stability of RA
has been specifically investigated as well [6]. The
impact of strain path on RA transformation behavior has
also been explored in some studies [7-8]. The
contribution to increased formability by optimizing the
martensitic component within the microstructure has
also been researched [9].
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Investigators have also characterized the impact of
RA transformation to martensite on the evolution of
damage [10], fracture [11], fatigue [12], toughness
[13,14], and susceptibility to hydrogen embrittlement
[15,16]. Since as-stamped components in the vehicle
structure are also subjected to paint baking, one
investigation has characterized the impact toughness
properties of a Q&P steel after the strained and baked
state [17].

The previous characterization studies on Q&P
steels have mostly focused on transformation kinetics of
RA caused by uniaxial deformation, not forming
conditions.  Furthermore, industrial stamping will
typically include different strain paths, which may result
in differences in austenite to martensite phase
transformation. Additionally, the residual ductility in
the material after prestraining is also an important
attribute to consider to holistically evaluate material
performance in actual applications. This paper adds to
our understanding of RA containing steels with a
combined focus on the extent of strain and strain path
dependency of RA transformation and the post-forming
fracture ductility of two specific Q&P steels.

2 Methods and procedures

2.1 Materials

Two of ArcelorMittal’s Hot Dipped Galvanized (GI)
coated Q&P steel grades: Fortiform®980 and
Fortiform®1180 were selected for the study. Table 1
shows the summary mechanical properties of the two
steels with Fig. 1 showing the work hardening behavior.
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Fig. 1. Work hardening behavior of the steels in the study

Fig. 2. Microstructures of (a) GI Fortiform®980 and (b) GI
Fortiform®1180

As seen in Fig. 1, the hardening behavior in the
initial stages of work hardening is significantly different
between the grades. This can be attributed to the
differences in microstructures, where Fortiform®980
has considerably more ferrite than Fortiform®1180.
This results in a higher property gradient in the
microstructure for the GI Fortiform®980, resulting in
the ferrite accomodating much of the deformation in the
early stages of tensile loading, leading to a higher work
hardening rate.

Additionally, X-ray diffraction (XRD)
measurements were performed using a conventional
PANalytical X’Pert Pro MPD [MultiPurpose
Diffractometer] X-ray diffractometer with a Co-Ka
sealed-tube source operated at 30 kV and 50 mA to
produce a wavelength of 1.79 A. Samples were
prepared by surface grinding and removing a quarter
thickness of the starting material. The Bragg—Brentano
focusing geometry was employed to collect diffraction
patterns over the 26 range from 55 to 130 degrees with
a step size of 0.05 degrees. The commercially available
X-pert HighScore Plus software was used to analyze the
Ferrite 200, 211, and 220, and the austenite 200, 220,
311 peaks. The average RA volume fraction was
calculated from all available pairs of lines as described
by Cullity [18]. Figs. 3 and 4 show the XRD scans for
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Fig. 2 shows the microstructure of the two steels GI  Fortiform®980 and GI  Fortiform®1180
obtained using a Scanning Electron Microscope (SEM). respectively.
Table 1. Mechanical Properties of the steels used in the study
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Fig. 4. XRD scans of GI Fortiform®1180

The phase fractions of constituents in the two grades
determined using XRD are shown in Table 2. Of
significance is the similarity in RA content between the
two grades but a sharp reduction in ferrite content and
increase in bainite and tempered martensite content in
Fortiform®1180. The fresh martensite content is also
similar in the two steels in the as manufactured state.

Table 2. Summarized microstructural details of the two
grades (F: Ferrite, B: Bainite, TM: Tempered Martensite,
RA: Retained Austenite, FM: Fresh martensite)

Fortiform®980 | Fortiform®1180
% F 40 2
% B+ TM 43 81
% RA 14 14
% FM 3 3

2.2 Experiments

The experimental procedure consisted of:

e Prestraining samples: Samples were prestrained using
a cylindrical punch and drawbead combination, also
called the Marciniak tooling [19] shown in Fig. 5,
which is typically used for determination of in-plane
forming limits. Two sample geometries were used to
form domes to different heights to generate several
strain magnitudes before failure by incipient necking
for the two strain paths.
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Balanced biaxia Plane strain 3 Results and discussion

Figs. 8 and 9 show the RA volume fraction as a function
of prestrain for the two steel grades, for three different
strain paths, as determined by XRD. As expected, the
magnitude of achievable prestrain in the biaxial strain
path is considerably higher than the uniaxial or plane
strain paths.

Fig. 5. Marcinak tooling and prestrained samples for biaxial

and plane strain conditions 16

e Post forming RA Determination & Bend Fracture 14 l
Strain: Coupons were extracted from the formed parts .
for XRD measurements as described earlier to & 12 A il )
determine the RA volume fraction and for fracture 510 :g:g:';;;:;;?
strain determination using the VDA238-100 bend test E 8 ® Plane Strain
[20]. Fig. 6 shows the schematic of the test. The sheet S &
is bent with the axis along the Rolling Direction and E6 ot 4 o
the load deflection curve monitored with the drop in I . 4 .
load corresponding to material failure. Additionally, S
Digital Image Correlation (DIC) was used to 2
determine the major strain and minor strain at the 0
tension side of the bent sheet to determine the failure 0 0.05 0.1 0.15 0.2 0.25

strain. Fig. 7 shows the load deflection curve from the von Mises Equivalent Plastic Strain

test and.the DIC images of major and minor strain at Fig. 8. RA volume fraction after in-plane prestraining for GI
the point of maximum load. The test was Fortiform®980

automatically stopped when the drop in load from the

. . 16
maximum point reached 60N.
14 A
£12 | a
& 10 A Uniaxial Tension
9] e Balanced Biaxial
m
r 8 Al ® Plane Strain
@ °
Eel
o
°

< ¢ .
o

2

0

0 0.05 0.1 0.15 0.2 0.25 03
von Mises Equivalent Plastic Strain
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As seen in Figs. 8 and 9, per expectation, the RA
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Fig. 10 shows the post-forming fracture strain
determined by DIC-assisted VDA bend test, plotted
against the residual RA volume fraction after prestrain.
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Fig. 7. Load deflection curve from the VDA bend test [20]
coupled with strain measurements using DIC showing the
major and minor strain at the tension side of the bent sheet.

Analysis of major and minor strain evolution
indicated negligible minor strain (plane strain condition)
throughout the test duration. The major strain at the
point of fracture in the test is used as a measure of post-
forming fracture strain.
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Fortiform®1180. Further work needs to be conducted
to fully understand this behavior.
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