Abstract:

Construction and industrial machinery has grown in
size and is now being used in increasingly severe envi-
ronments. These changes are fueling growing needs in
the market for ultra high strength steel plates with excel-
lent toughness. To meet these needs, JFE Steel has devel-
oped two new types of ultra high strength steel plate
with excellent toughness for construction and industrial
machinery: JFE-HYD®960LE and JFE-HYD®1100LE.
The main characteristics of the material design applied
to these new steels are refinement of the effective grain
and enhancement of the uniform dispersion of fine
cementite, which are achieved by ausforming and rapid
heating and tempering. Ausforming is achieved by
quenching the work-hardened austenite. The uniform
dispersion of fine cementite, meanwhile, is realized
by rapid heating and tempering using HOP® (Heat-
treatment O
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ture toughness and guarantee Charpy impact energy at
—40°C and also have high resistance to delayed fracture®
that is one of the most important characteristics to uti-
lize these ultra high strength steels for industry. Further-
more, the developed steels show excellent weldability
due to the low carbon content and low carbon equivalent
design.

This paper introduces the characteristics of the
newly developed technologies used for the manufac-
ture of these new steels: the ausforming technology and
the rapid heating and tempering technology and then
describes the mechanical properties of the developed
steels.

2. Characteristics of
the Newly Developed Technologies

2.1 The Mechanical Properties Targeted
and the Concept behind the Material Design

Table 1 shows the mechanical properties targeted for
the YP960 and YP1100 MPa class ultra high strength
steel plates for construction and industrial machinery.
The guaranteed Charpy impact energy at —-40°C, for
example, was set at a 27 J minimum in consideration of
use in cold regions.

High strength steel plate with tensile strength of
600
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was uniformly distributed in (c) (the steel tempered at
the rapid heating rate of 20°C/s after ausforming).

The site of cementite nucleation was reported to
change from the lath boundaries to within the laths in
the heating process during tempering*®*>%), The dis-
location density is greatly increased after quenching,
especially in the steels subjected to ausforming®®. In
addition, because of the rapid heating rate, the delay in
the dislocation recovery of the rapidly heated material is
greater than that of the slowly heated material under the
same temperature conditions during heating. Thus, the
dislocation density of (c) (the steel tempered at a rapid
heating rate after ausforming) is the highest among (a),
(b) and (c) when it reaches the temperature at which the
site of selective cementite nucleation changes from the
lath boundaries to within the laths, causing the nucle-
ation of cementite from dislocation within the laths. The
most uniform dispersion of the finest cementite of (c)
would be attributed to this cementite nucleation within
the laths.

2.4 Improvement of Low Temperature Toughness
and Delayed Fracture Resistance
by Fine Microstructure and
Uniform Dispersion of Fine Cementite

Figure 4 shows the effect of the fine microstructure
(section 2.2) and cementite refinement (section 2.3) on
the low temperature toughness of the YP1100 MPa class
steel. The horizontal axis of Fig. 4 is a tempering param-
eter (T.P.) calculated to include both the heating and
cooling processes'®.

The low temperature toughness of the ausformed
material was superior to that of the non-ausformed mate-
rial and the toughness of the rapidly heated and tem-
pered material was superior to that of the slowly heated
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Ry/Rg B 100 (%) ++rrrerreseereremensrseininiriinissnnnnns (1)

Where R, and R, represent the reductions of area of the
specimen without hydrogen charging and the specimen
with hydrogen charging, respectively.

As illustrated in Fig. 5, the material subjected to the
slow heating and tempering exhibited a decreasing safety
index of the delayed fracture resistance as the tensile
strength rose. In contrast, the material subjected to the
rapid heating and tempering showed no deterioration in
the safety index of the delayed fracture resistance even
at the tensile strength of 1 300 MPa class. This indicated
the high resistance to delayed fracture of the rapidly
heated and tempered material with refined cementite.

Photo 1 shows SEM images of fracture appearances
after SSRT of the hydrogen-charged materials subjected
to the slow heating and the rapid heating, respectively.
Both of them had a tensile strength of about 1 300 MPa.
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