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ABSTRACT 
The automotive industry relies heavily on sheet metal 

forming processes for many components. Material data solely 
from uniaxial testing is insufficient to fully define the material 
behavior of the complex plastic deformation during numerical 
simulations of the forming processes. In-plane biaxial testing 
using a cruciform type specimen is a more comprehensive 
representation than the traditional uniaxial testing alone. Wide 
ranging biaxial stress states can be imposed by applying 
different loading conditions on each cruciform axis. However, 
this can create a challenge to achieve desired deformation paths 
due to the non-linear relationship between the control parameter, 
e.g., displacement, and the output of interest, e.g., strain path. In 
this paper, an interpolation method to develop the displacement 
control that produces a linear strain path with a desired strain 
ratio is revisited and expanded upon from the authors’ previous 
work [1,2]. In the first iteration, linear biaxial displacements 
were applied to the specimen and the corresponding strain paths 
were obtained from the numerical simulations. The non-linear 
strain paths, due to geometry effects of the specimen, were used 
to reverse engineer a new displacement path that results in a 
linear strain path. Interpolation is revisited to show increased 
success with a second iteration. Analysis of the simulation results 
shows that linear strain paths of a given model can be 
determined and improved by successive iterations of 
interpolating the strain data from adjacent deformation paths. 
 

1. INTRODUCTION 
Sheet metal forming is known to produce high quantities of 

parts with consistent quality, notably for the automotive 
industry. The implementation of the forming process, however, 
can be challenging due to the lack of agreement between 
predictive simulations and actual process parts. This discrepancy 
is partially caused by using only uniaxial test data in the 
simulations to characterize the material behavior, which does not 

represent the multiaxial nature of the actual process. There is a 
need to produce material data under various stress states to 
capture the complexities introduced by multiaxial deformation. 

Biaxial tension testing using a cruciform specimen to 
produce multiaxial data could aid in the development of new or 
improved material models for forming simulations. In this test, 
specimens are loaded in two orthogonal directions in the plane 
of the sheet. Material response (i.e., force-displacement and 
strain data) can be collected via measurement systems, such as a 
load cell, displacement sensor, and digital image correlation 
(DIC) respectively [3]. Most in-plane biaxial tension machines 
operate using a prescribed signal-based control system, such as 
force or displacement. However, the applied deformation path to 
the control system does not guarantee the specific strain 
deformation in the gauge area that the user desires. This requires 
a method to systematically adjust the deformation path to be in a 
non-linear form. Some advanced systems feature real-time 
feedback controllers that can determine the path based on the 
deformed parameters, e.g., stress and strain [4]. However, these 
testing systems are more complicated, expensive, and less 
reliable when strain localization occurs (e.g., Lüders banding). 

In previous work, a computational method called 
interpolation [1,2] was introduced to generate a non-linear 
displacement path necessary to produce a linear strain path with 
the desired strain ratio. This method utilizes two adjacent strain 
paths and a target as inputs, in correlation with their 
displacement paths.  

This paper will outline the interpolation method and present 
results based on finite element (FE) simulations. It should be 
noted that the same approach can and will be used in the future 
to obtain experimental results. Double interpolation, i.e., 
processed twice, to achieve a strain path closer to the target with 
increased linearity than single iteration will also be 
demonstrated. 
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