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Challenges and Advances in forming of
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Background
Potential advantages of HSS
A Weight savings in auto bodies, 15% to 25%
A Increase in crash resistance and safety.
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Background

Material properties of HSS/AHSS/UHSS

ThyssenKrupp - material options/development
Properties of advanced steels and other materials

&) Stainless steels X-IP
Development target
= Conventional \

[ Morsdorf.W, 2006 ]
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Sheet properties (flow stress) determination

Ve

A In common practice, the uniaxial tensile test is used to determine the properties/flow
stress of sheet metal.

A Tensile test does not emulate biaxial deformation conditions observed in stamping.

A Due to early necking in tensile test, stress/strain data (flow stress) is available for
small strains.
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In bulge test, flow stress over large strain can be obtained in biaxial stress state
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Schematic of viscous pressure bulge test setup at CPF (OSU)
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Schematic of viscous pressure bulge test setup at CPF (OSU)

ADie diameter = 4
inches (~ 100 mm)

ADie corner radius =
0.25 inch (~ 6 mm)
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Methodology to estimate material properties
from VPB test, developed at CPF (OSU)

Measurement
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Material properties of HSS/AHSS/UHSS

Bulge test samples

After bursting

Before bursting
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Flow stress results for sample AHSS materials from the bulge test

CPF (OSU) has conducted a number of industrial case studies for:
A Automotive - OEM,
Automotive - Tier 1 suppliers
Aerospace companies,
Steel producers, etc.,
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Material properties of HSS/AHSS/UHSS

Bulge test for quality control of incoming sheet material

PF

Graph shows dome height comparison for SS 409 sheet material from eight
different batches/coils [5 samples per batch].
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Drawability of AHSS steels
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DCO04 HSLA 320 DP590 TRIP800 DP980 X-IP 1000
Cugy et al 2006

New generation AHSS steels (X-IP steel) have higher drawability than conventional
mild steels.
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Loading and Unloading modulus of AHSS steels
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A Springback (elastic recovery) of the formed part is proportional to stress.
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Bendability of AHSS steels
Example Failures: Shear Fracture in bending AHSS

Real Upper A -Pillar reinforcement
of DP600 GA
[Courtesy to Zuidema 2007,
ArcelorMittal.]

Test Piece of DP600
[Courtesy to
Daimler Chrysler Corp.]

Automotive underbody
structural part using DP780
[Courtesy to Shi et al, 2007,

US STEEL]

Shear fractures have been observed most frequently at the sharp die radii
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Bendability test used for AHSS steels i Stretch Forming Test

Schematic of stretch forming test
[Courtesy to Hudgins et al. 2007]

punchradii: 1, 2.5, 5, 7.5 and 10 mm

Tensile failure Shear failure

The transition in the fracture type for each steel is evident by a shift from shear failure at the punch
radius to a tensile failure at a location relatively far from the bend with increasing punch radius.
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Stretch Forming Test - Comparison of Experiments and Finite Element Simulations

DP600 Strip
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ACritical punch displacements at excessive necking were predicted by FEA and compared to

the experimental results of punch displacements at fracture.

Center for Precision Forming (CPF)

15




4

%iTKE) Material properties of HSS/AHSS/UHSS CPF

UNIVERSITY

Edge stretchability of AHSS steels

Hole expansion [%)]

Edge cracking in hole flanging

Ultimate tensile strength (MPa)
[Courtesy to Sadagopan et al. 2006]

AHSS steels have poor edge stretchability leading to edge cracking in the formed parts.
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