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Abstract:

Sensitivity analysis [1] studies the influence of input factors of a computer experiment on a given output.
A computer experiment usually simulates a real-life process which runs for a certain time. Input values
are usually fixed at the beginning of the simulation as single input numbers and are not altered any more
during the process. However, in various contexts, especially in mechanical processes, input values could
indeed be varied during the process. Examples might be speed (e.g. of a car or a robot arm), the dose of a
physical agent or temperature. Varying such factors during the process and analysing the functional sen-
sitivity can strongly improve the understanding of the process and can lead to much more precise settings.

Our research is motivated by a sheet metal forming process [2], where two parameters, which were pre-
viously kept constant, can now be varied in time: the blankholder force, which keeps the sheet metal
in place during the forming, and the friction between the tool and the sheet metal. See Fig. 1 (left)
for a representation of a forming press. As output value the forming accuracy is measured in terms of
springback, the amount of deformation of the flange after the forming. Two example runs can be seen
in the table in Fig. 1 on the right. The first column shows the functional path of the parameter friction,
the second the resulting springback value. The blankholder force is kept constant. For both runs, the
friction mean over time is equal to 12.5, but the resulting springback values differ considerably. This
emphasizes the possibilities that lie in a functional exploration.

functional input: friction
scalar output:
springback
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Figure 1: Representation of a sheet metal forming press (left). Two example runs with varying friction
and constant blankholder force (right).

In the poster a very economical sequential approach for the sensitivity analysis of time-varying factors
in computer experiments is introduced and developed. It does not only return a single influence value
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per input, but instead gives the influence of each input over the whole time scale. This allows for a clear
graphical representation of the functional influence. The idea is to reduce the dimension of the functional
analysis problem [3] by exploring whole intervals of time and sequentially decreasing the interval size for
interesting time spaces. A sequential design approach making use of ideas from group factor screening [4]
is developed, resulting in very few runs necessary to explore the interesting time regions of the functional
inputs. In addition the analysis and visualization of interactions between time regions is adressed.

In the sheet metal forming application five sequential steps have been performed taking only 40 runs
in total. The size of the bars in Fig. 2 represents the linear influence of the time interval. A stronger
influence of friction compared to blankholder force is noticeable as well as, for both inputs a clear
difference between the first and second half of the punch time: in the first half the influence is mainly
positive whereas in the second half it is strongly negative with the last time points showing the most
influence. The results improved the engineers understanding of the time dependent influence. They have
been validated afterwards in real forming experiments and also led to a better springback reduction.
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blankholder force
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Figure 2: Graphical representation of the functional sensitivities of the input parameters friction and
blankholder force in a sheet metal forming process.
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