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In automotive body structure, there is a demand for weight reduction, cost reduction, and
reduction of GHG emissions while ensuring various performances. Recently, one of the
means to meet these requirements is the advancement of component integration. Nippon
Steel Corporation is developing ultra-high-strength steel sheets with various strength char-
acteristics and deformation capabilities, along with utilization technologies (structural de-
sign, forming methods, etc.) that make use of these properties. This report outlines the de-
velopment of automotive body structural component integration forming technology using
cold press with ultra-high-strength steel sheets, specifically focusing on “In-plane-shear
draw-bending (NSafe™-FORM-SS)”, “In-plane-shear firee-bending (NSafe™-FORM-

LT)” and their applications.

1. Introduction
1.1 Background: demands on automobiles

To achieve carbon neutrality by 2050, it is essential to reduce
greenhouse gas emissions throughout the entire vehicle lifecycle
(life cycle greenhouse gases: LC-GHG). In the automotive sector,
the adoption of battery electric vehicles (BEVs), which emit mini-
mal GHG during operation, has accelerated rapidly in recent years."
However, the batteries installed in BEVs weigh several hundred ki-
lograms, significantly increasing total vehicle weight. Consequently,
body structures must meet higher collision-performance require-
ments than ever before. In addition, the high manufacturing costs of
batteries contribute to an overall increase in vehicle prices. There-
fore, automotive bodies must improve collision performance while
simultaneously reducing costs. Moreover, declining labor availabili-
ty—driven by a low birthrate, an aging population, and changing
career preferences—has created a growing need for labor-saving
technologies in the automotive industry. To address these issues,
some automakers, particularly emerging manufacturers, have re-
cently adopted gigacast components made from aluminum alloys.

These components integrate multiple platform parts, such as the
front and rear under-body modules, into a single large casting. How-
ever, manufacturing gigacast components requires the installation of
new large-scale equipment. Furthermore, because many parts are
consolidated into one component, several challenges arise, including
reduced repairability in minor collisions and limited suitability for
multi-model production. As a countermeasure to these challenges, it
may be feasible to form a single component that integrates multiple
small- to medium-sized parts from high-strength steel sheets using
existing press-forming production lines. With this perspective in
mind, Nippon Steel Corporation developed technologies to integrate
multiple small- and medium-sized parts.

This report outlines technologies for cold-press forming of inte-
grated small- and medium-sized components using ultra-high-
strength steel sheets.

1.2 Overview of parts integration technology
Nippon Steel proposes a comprehensive solution, NSafe™-Auto
Concept, to address various automotive requirements. As shown in
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Fig. 1, this concept consists of four pillars: new material develop-
ment, structural optimization, new production technology, and func-
tional evaluation.

The core materials used in NSafe™-AutoConcept are shown in
Table 1. Dual-phase (DP) and transformation-induced plasticity
(TRIP) steels have been developed as highly formable cold-rolled
and cold-rolled galvanized steel sheets. Cold-rolled steel sheets with
tensile strengths up to 1470 MPa and cold-rolled galvanized steel
sheets with strengths up to 1180 MPa are already being applied to
vehicle body structural components, and research and development
on even higher-strength sheets is currently underway. In addition,
steel sheets with excellent energy-absorption (EA) performance dur-
ing collisions have been developed as high-performance products in
cold-rolled and cold-rolled galvanized steel sheets, with grades of
up to 980 MPa already in practical use. Furthermore, steel sheets for
hot stamping, covering a wide strength range from 0.5 to 2.0 GPa,
are either in mass production or have completed development. Thus,
Nippon Steel offers products with various strength levels and func-
tionalities to meet the diverse requirements of automotive bodies.

The new production technologies within NSafe™-AutoConcept
enable proposals for component integration at various scales, from
small-scale to large-scale assemblies. Methods for achieving small-
to medium-scale integration include tailor-welded blank (TWB)
technology, which integrates adjacent parts, and patchwork technol-
ogy,? which integrates overlapping parts. The reduction of rein-
forcement parts through substitution with high-strength steel sheets
can also be regarded as a form of integration. Furthermore, large-
scale integration utilizes hot-stamping technology. Target compo-
nents include door rings, which have been in practical use since the
2010s, and rear modules, which were proposed around 2020.

As described above, NSafe™-AutoConcept proposes various
steel grades and integrated forming technologies. By combining
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Fig. 1 Nippon Steel’s total solution for automobiles

Table 1 Nippon Steel’s material lineup

Tensile Strength(TS)Grade [MPa]
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these, it becomes possible to realize integrated structures that con-
sider component functions while addressing challenges such as
weight reduction, component cost reduction, and GHG emission re-
duction.

This report first introduces cold-press forming methods for ultra-
high-strength steel sheets used to integrate multiple components.
Next, examples of integrated structures—designed by appropriately
positioning high-strength steel sheets according to the functional re-
quirements of automotive body parts—are presented. For elemental
technologies related to hot stamping, please refer to the immediately
preceding report (No. 6).

2. Forming Technologies for Component Integration
2.1 Challenges in production of integrated components using ul-

tra-high strength steel sheets

This section describes cold-press forming methods for manufac-
turing integrated components using ultra-high-strength steel sheets.

In recent years, automotive body structural parts have increas-
ingly adopted ultra-high-strength steel sheets, not only in the 980—
1180 MPa range but also up to 1470 MPa. However, as steel sheet
strength increases, ductility generally decreases, making cracks and
wrinkles during press forming a persistent challenge. Furthermore,
components that integrate multiple parts into a single unit tend to
have more complex shapes, which increases forming difficulty.
Therefore, to achieve integrated components using ultra-high-
strength steel sheets, forming techniques distinct from conventional
methods are required. Nippon Steel has developed new forming
methods—*“In-plane-shear draw-bending (NSafe™-FORM-SS)”34
and “In-plane-shear free-bending (NSafe™-FORM-LT)”*9—,
which actively utilize in-plane shear deformation of steel sheets.
The following sections outline these forming methods.

2.2 In-plane-shear draw-bending (NSafe™-FORM-SS)

When forming a curved hat shape by drawing, as shown in Fig.
2(a), the material flows perpendicular to the holder surface. This
causes the material to stretch longitudinally, leading to fracture at
the top surface of the convex curvature, while compression at the
top surface of the concave curvature results in wrinkling. To achieve
successful forming, the material must instead flow parallel to the
forming direction, as illustrated in Fig. 2 (b). To realize this, we de-
veloped the cold-press forming method “In-plane-shear draw-bend-
ing (NSafe™-FORM-SS)”. In this method, a die set with the config-
uration shown in Fig. 3 is used. Material displacement in the top
section is restricted by pressing the sheet with a pad, thereby sup-
pressing both elongation and compression. This enables the curved
hat shape to be formed by inducing pure in-plane shear deformation
in the vertical-wall section. Furthermore, to suppress wrinkles
caused by compression along the direction of minimum principal
shear strain (shear wrinkles), it is necessary to form the vertical wall
at a perpendicular angle and eliminate the clearance between the
dies and the steel sheet during forming. This suppresses out-of-plane
deformation of the sheet.

Figure 4 shows a prototype of an integrated front-side member
rear manufactured from a 1470 MPa-grade steel sheet formed by in-
plane-shear draw-bending. Achieving high strength in curved hat-
shaped components with complex geometries enable the reduction
of reinforcement parts placed in curved sections to prevent buckling
during crash deformation. Consequently, component integration be-
comes possible.
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(b) Material flow in In-plane—shear draw-bending

Fig. 2 Material flow in drawing and In-plane-shear draw-bending?

Fig. 4 Prototype of front side member rear?

2.3 In-plane-shear free-bending (NSafe™-FORM-LT)

When drawing a steel sheet into an L- or T-shaped configuration
with a curved vertical wall and flange, significant wrinkling occurs
near the curved section on the top surface, and large plane-strain de-
formation arises in the vertical wall, leading to fracture. These de-
fects result from differences in material flow depending on the posi-
tion within the formed shape. To form parts with such complex ge-
ometries, we developed the cold-press forming method In-plane-
shear free-bending (NSafe™-FORM-LT)”.

Figure 5(a) shows the die set configuration for this method. Un-
like conventional drawing using a blank holder, this forming method
is based on bending, which reduces tension during forming and pre-
vents breakage. Wrinkling is further suppressed by pressing the top

-34-

Material flow

Blank shape

Blank
Formed shape

(b) Material flow

Fig. 5 Die construction and material flow in In-plane-shear free-bend-
ing?

(a) Die construction

Fig. 6 Prototype of center pillar

surface with a pad from the initial stage of bending. As shown in
Fig. 5(b), material from the top surface flows into the curved section
during forming, allowing the vertical wall to be shaped with reduced
material elongation and suppressing fracture in the vertical wall.

Figure 6 shows a prototype center pillar with an integrated up-
per and lower section formed using in-plane-shear free-bending
from a 1470 MPa-grade steel sheet. Conventionally, the upper sec-
tion of a center pillar uses steel sheets with strength grades of 980—
1180 MPa, while the lower section uses sheets with strength grades
of 440-590 MPa. However, this method enables the formation of an
integrated center pillar in which both the upper and lower sections
are produced from higher-strength 1470 MPa-grade steel sheets.

3. Development of Forming Technology for Inte-
grated Rear Side Members
3.1 Development concept

This section describes an example of an integrated component in
which high-strength steel sheets are optimally positioned according
to the functional requirements of the vehicle body structure. The ex-
ample focuses on a component formed by in-plane-shear free-bend-
ing, in which the front and rear sections of the rear side member are
integrated into a single unit.

Figure 7 shows the component shapes. The front section uses
1470 MPa-grade steel sheets, which are effective in suppressing de-
formation, whereas the rear section uses 980 MPa-grade EA steel
sheets to ensure sufficient energy absorption during rear collisions.
Forming the component from a TWB blank by joining these ultra-
high-strength steel sheets enables component integration, achieving
both weight reduction and a reduction in the number of parts.
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GA1470+GA980
Integrated parts (TWB)

Fig. 7 Integrated rear side member

3.2 Study of forming method by FEM analysis

The forming methods for this component were evaluated using
FEM analysis. The dynamic explicit solver LS-DYNA (R7.1.2) was
used for the analysis. A shell element was employed, with an ele-
ment size of 2 mm, seven integration points through the thickness,
and a Coulomb friction coefficient of 0.1. Because fracture and
buckling are primary concerns in the front section of the component
under study, the analyses were conducted only for that section. A
steel sheet with a tensile strength of 1470 MPa was used as the ma-
terial.

First, an FEM analysis of the bending-based forming process
shown in Fig. 8 was conducted to investigate the forming challeng-
es. The first and second processes involve bending using pads, while
the third process involves stamping. Trimming was performed be-
tween the first and second processes, between the second and third
processes, and again after the third process. Figure 9 shows the dis-
tribution of thickness-reduction rates after final trimming. A thick-
ness reduction rate exceeding 10% occurred at the edge of the
stretch flange, indicating that satisfactory forming was difficult to
achieve with this process.

Next, an FEM analysis was conducted on the forming process
using in-plane-shear free-bending, and the reduction in the thick-
ness-reduction rate at the extension flange was evaluated. Figure 10
shows the forming process using in-plane-shear free-bending. The
only difference between this process and the bending-based forming
process shown in Fig. § is the application of in-plane-shear draw-
bending in the former. Figure 11 shows the distribution of thick-
ness-reduction rates after the final trimming. By incorporating a ma-
terial-flow—promoting bead in the first process and using the free-
bending method to enhance material flow from the top surface to the
curved section, the maximum thickness-reduction rate in the stretch
flange decreased to 4.8%. These results confirm that an integrated
rear-side member can be successfully formed using a 1470 MPa-
grade steel sheet.

3.3 Verification of development forming method by trial pro-

duction

In the previous section, FEM analysis confirmed that an inte-
grated rear-side member made from a 1470 MPa-grade steel sheet
could be successfully formed using the developed forming method.
Therefore, trial production of the component was conducted using
the aforementioned press-forming process to verify the method ex-
perimentally. Figure 12 shows a photograph of the trial product. As
predicted by the FEM analysis, the prototype was successfully
formed without fracture or significant wrinkling. This confirms that
in-plane-shear free-bending enables the formation of an integrated
rear-side member using ultra-high-strength steel sheets.
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Fig. 8 Forming process mainly focused on bending
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Fig. 10 Forming process mainly focused on In-plane-shear free-bending
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Fig. 12 Prototype integrated rear side member

4. Conclusion and Future Prospects

In-plane-shear draw-bending and in-plane-shear free-bending
were introduced as cold-press forming methods for ultra-high-
strength steel sheets. In addition, trial production of an integrated
rear-side member using these ultra-high-strength steel sheets was
successfully achieved using in-plane-shear free-bending. In the fu-
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ture, we plan to expand the application of the part-integration form-
ing technologies introduced here to other components, while further
advancing the development of new forming techniques. Through
these efforts, we will contribute to achieving automotive weight re-
duction, manufacturing cost reduction, and lifecycle GHG emission
reduction at a high level.
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