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Determining flow stress data by combining
uniaxial tensile and biaxial bulge tests
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n the sheet metal forming industry,
finite element (FE) simulation is an
important tool for fabricators predicting metal flow, optimizing geometry, and selecting process variables
before developing new dies. The accuracy of the simulation results depends
highly on the accuracy of the input
parameters and the boundary conditions used in the FE model. Input data
includes the mechanical and thermal
properties of the material, die geometry,
forces, degrees of freedom, coefficient
of friction, and ram speed.
One material property that affects
simulation results significantly is flow
stress (true stress/true strain curve) of
the material. Flow stress determines
the behavior of the material during
the plastic deformation. Currently two
methods are used for determining flow
stress data: tensile test and bulge test.
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Figure 1
The tensile test determines such material properties as Young’s modulus, yield strength,
total elongation, and uniform elongation.
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The tensile test is a standard test for
determining the elastic and plastic
behavior of material under a uniaxial
tensile condition. In the tensile test, a
metal bar undergoes uniaxial tension
up to fracture. The test can be used to
determine such material properties as
flow stress data, Young’s modulus, yield
stress, ultimate tensile stress, uniform
elongation, total elongation, and Lankford coefficient (r-value) (see Figure 1).
There are some limitations when
using a tensile test to determine flow
stress. The tensile test is a uniaxial tension test, so it provides the material
behavior in uniaxial strain path. Also,
the strain value at necking obtained
from this test is small.
In contrast, in real sheet metal forming processes such as bending and deep
drawing, materials deform in a different strain path, ranging from pure shear
to biaxial tension. Also, the maximum
true strain before fracture observed in
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Figure 2
Outputs of the bulge test (pressure and dome height) are used to calculate true stress
versus true strain.
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Figure 4

For the tested DP980, the bulge test can provide flow stress up to
0.35 strain value, while the tensile test can provide flow stress only
up to 0.08 strain. The bulge test cannot provide flow stress data
close to the yield point.

The tensile test and bulge test can be combined to obtain the flow
stress data. The yield point is calculated from the tensile test, and
the rest of the curve is from the bulge test.

the real stamping process is higher than
what is obtained from the tensile test.
Therefore, in the simulation of processes such as deep drawing or bending, extrapolation of the flow stress data
is required to determine the behavior
of the material for the strain values
higher than what is obtained from the
tensile test.

Bulge Test
The hydraulic bulge test is used to evaluate formability and determine the flow
stress data of the material. The stress
state in the hydraulic bulge test is biaxial; therefore, this test can provide the
flow stress data for higher strain values
without localized necking compared
to a uniaxial tensile test. The Center
for Precision Forming (CPF) has used
a viscous medium instead of hydraulic
fluid, which reduces the complexity of
the test and improves sealing.
The pressure for forming the material and the dome height are measured
simultaneously during the viscous
pressure bulge test (see Figure 2). The
true stress/true strain data then can be
calculated using the inverse analysis
method and database created from the
FE simulation.
For large strain values, the flow stress
data obtained from the bulge test is
more accurate than extrapolation of
the tensile test results. Consequently,
the simulation results should be more
accurate when using flow stress data
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from the bulge test compared to the
tensile test.
The bulge test cannot provide flow
stress data for low strain values close to
the yield point (see Figure 3), so when
the data is used in simulation, the yield
point of the material isn’t defined accurately. This can affect the elastic behavior of the material in the simulation and
cause inaccurate simulation results,
especially when springback must be
predicted.

Combining Tests for Greater
Accuracy

In a current study at CPF, researchers
have proposed a new method for determining more accurately the flow stress
data from the actual yield point up to
the largest strain values obtained from
the bulge test. This method combines
the results from the bulge and tensile
tests.
The bulge test can provide more
accurate flow stress data at high strain
values, while the tensile test can provide accurate material properties up
to the yield point. Combining the tests
thus can provide more accurate flow
stress data from yield to the strain at
fracture in the biaxial stress condition.
The result of the tensile test is
engineering stress-strain data. To be
able to combine this with the bulge
test results, the engineering stressstrain values must be converted into
true stress-strain values using the
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following formula:
σtrue = σengineering (1 + eengineering)
etrue = ln (1 + eengineering)
Since the tensile test provides the uniaxial yield stress, this value is converted
to the biaxial stress using the following
equation:

σbiaxial = σuniaxial • (1 + r0)r90
r0 + r90

where r0 and r90 are the Lankford coefficient showing the anisotropy of the
material in rolling and transverse direction, respectively. The biaxial yield
stress is the starting point of the flow
stress data. This point is included in the
data point obtained from the bulge test,
and the curve is fitted into these data
points (see Figure 4).
With this method, the flow stress
data includes the real large strain values from the bulge test, as well as the
accurate yield point obtained from
the tensile test. CPF uses this method
extensively to determine the flow stress
of a variety of advanced, high-strength
materials, including CP800, DP590,
DP980, TRIP1180, TWIP900, and
TWIP980.S
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