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6. Progress within the reporting period
(Not exceeding 3 pages, including tables and figures)
WP1: definition of optimization problems

In this first part of the project, several types design variables and objective functions have been
defined :

Optimization of initial blank contours
The size and shape of the blank have both a great influence upon the quality of the workpiece.

When the blank is too large, the material flow into the die cavity is limited and the risk of the excessive
thinning (necking) increases. On the other hand, a too small blank size can cause wrinkling problems.
The design variables are the positions of the curve control knots describing the workpiece contour
(Fig.1). A parametrization with a B-spline curve is used to reduce the number of design variables.
Some limitations on the design variables are introduced in order to satisfy technological requirements.

Optimization of restraining forces and drawbead design
The drawbeads are one of the most important parameters to control the material flow and thus

the part quality in the sheet forming process. Too strong restraining forces prevent the sheet from
draw-in and may cause the necking, but insufficient forces may lead to wrinkling.

The magnitudes and positions of the drawbeads can lead to numerous design variables.
To reduce the number of variables, a continuous line C around the die cavity and roughly parallel

to its contour is taken as the drawbead line
In the sheet forming simulation, the drawbeads are replaced by equivalent restraining forces

assumed to be externally normal to this line. The intensities of the restraining forces are supposed to
be constant by segment on the drawbead line, and constitute the design variables vector (Fig. 2). In a
limited number of practices, drawbeads of different shapes are acceptable.

The optimization can be carried out in two steps. First, the restraining forces are assumed to be
continuous (positive) values, and their distribution is be obtained by an optimization computation. We
then neglect the small restraining forces, regroup the restraining forces with closed values and
perform the second optimization to find the optimal shapes and positions of discrete drawbeads.

Two constraints are imposed to each design variable. The lower bound is zero and the upper
bound is always positive and can be defined approximately according to the yield condition.

Objective functions
The objective functions are defined to obtain at the end of the forming process a final workpiece

without defects for a minimum amount of material.
In the simplified inverse approach (I.A.) ([1], [2]), the necking and wrinkling cannot be directly

detected. The thickness variation appears to be a good indicator of quality, since the necking and
wrinkling are often associated with a strong thinning and thickening. These considerations lead to
define the first objective function J1 as an expression of the thickness variation:
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where h0, he are the initial and final thicknesses, e
3λ  the thickness stretch. The exponent p is

introduced to emphasize the influence of the maximal thickness variation. Some conditions can be
also added as optimization constraints to impose limiting values on maximum thinning or thickening.

A second objective function is introduced to take into account the Forming Limit Diagram (FLD). A
defect free part is such that at the end of the numerical simulation no principal strains couple (ε2, ε1) of
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the Forming Limit Diagram  is located beyond the FLC (Fig. 3). So from the definition of the distance d
and the safety margin s, we define the objective function J2 as :
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This optimization procedure is based on the Inverse Approach developed by the authors and a
SQP optimizer. In the second part, another optimization problem is stated in order to design the
drawbead producing the optimal restraining forces obtained in the first part. This second procedure is
carried out by coupling the drawbead force calculation with a BFGS optimizer in order to obtain a
“uniform” increase of the restraining forces in the sheet under the drawbead.

WP2: Optimization with Inverse Approach
The Inverse Approach for sheet metal forming analysis has been presented in details by the

authors ([1]). This method exploits the knowledge of the final workpiece shape: starting with a finite
element mesh on the final part, we look for the nodal positions in the initial flat blank. The simple
vertical projection of the nodes on the horizontal plane can be an initial estimation. These node
positions are then modified by a Newton-Raphson algorithm in order to satisfy the equilibrium in the
final workpiece. Two main assumptions are adopted: the proportional loading assumption allows
avoiding the incremental integration of plasticity (Deformation Theory of Plasticity), the second
assumption allows to use simplified pressure-friction forces instead of the contact conditions between
the tools and the sheet. These assumptions lead to a total or direct method independent of the
deformation history. The I.A. is very fast and does not need much memory space (only two degrees of
freedom per node).

The two problems (shape of the blank contour and drawbeads optimization) have been solved by
using a BFGS or SQP (Sequential Quadratic Programming) method. The Twingo dashpot cup is taken
as an example to illustrate the effect of the contour shape optimization. The objective function based
on thickness variation J1 is considered. Some results are presented on Fig 4 , showing that the
maximum values of thinning and thickening have been significantly reduced.

The same application is considered for drawbeads design ([3]). The Fig 5 shows the optimal
drawbeads obtained by minimization of the second objective function.(based on F.L.D).

Figure 1. Parametrization of the contour Figure. 2  Positions of drawbead lines
with eight design variables and restraining forces (16 design

variables)
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Figure 3 – Definition of an objective function based on the Forming Limit Curve.

Figure 3 – Definition of an objective function based on the Forming Limit Curve.

Fig.4 – Twingo dashpot cup : thickness distribution before (left) and after(right)
optimization of the blank contour shape.
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