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WP2: Optimization with Inverse Approach (REFORM)

Optimization of material parameters
In the previous report, several optimization problems have been defined and solved by a
mathematical programming approach: the thickness variation and the Forming Limit Diagram




were taken as objective function, and the design variables were associated to the shape of
the blank contour and to the restraining forces. During this second step (July 2002 to
december 2002), the same type of objective function is considered with a new type of design
variables: the material characteristics are to be determined by the optimization procedure in
order to find an ‘ideal’ material, i.e. a material allowing to obtain the required part without any
defect. The strain hardening exponent n of the Hollomon law and the average anisotropy
coefficient r are taken as design variables [1]. Since the FLC depends on these properties,
we adopt a method based on the growth of an imperfection proposed by Graf and Hosford to
update the FLC for each new material parameters during the calculation [2]

Wrinkling can be viewed as a bifurcation plastic buckling process. A simple criterion to
estimate the risk of wrinkling in the curved deformed shell has been developed by Brunet et
al. [3] based on the work of Hutchinson et al.[4], Neale et al. [5].The wrinkling risk factor is
determined taking into account the actual geometry and the stress state, Hutchinson, Neale
and Tugcu assumed that :
» Final configuration is a doubled-curved sheet with constant principal radii of curvature
and constant thickness
 The state of stress is a uniform membrane state described by the two principal
stresses
* The plastic buckling process is governed by the Hill bifurcation criteria
» Deformation theory of plasticity is assumed at buckling
* Any interaction between the sheet and die is neglected
» Localised phenomenon (sheet dimension and limit condition are forgotten)
» Buckling in a short wavelength mode (use of Donnell-Mushtari-Vlasov shallow shell
theory)
e Brunet et al. [3] added :
» Ratio between the principal stresses remains identical between the prebuckling state
and the plastic bifurcation state

The problem is highly non linear, its iterative resolution is time consuming without guaranty of
convergence.
For a qualitative analysis :
Principal axes of the stresses coincide with the principal axes of curvature
An analytical resolution is done for a ratio of the principal stresses:
o
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with the radii of curvature R1 and R2 and the thickness h, the expression for the critical
wrinkling stress follows :
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For an element, the criterion for wrinkle formation tendencies f. is defined as :
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If fe is greater than one, the wrinkling risk exists. An objective function J2 is defined as :
JZZ; %“%7 if few

H 0 otherwise

where nelt = number of elements, w = an acceptable wrinkling risk.




To avoid failure and wrinkling we consider the function J combining the functions:
J1 based on the FLC:
3= é(%—d)z it (s-d)p0
nZn otherwise
where d = distance between the point (J2, [11) of the element and the FLC
and J2 :
J=h+Xk
This objective function is minimized with a response surface method based on the diffuse
approximation[6]. The general idea is the following:

a regular grid is defined on the design domain;

a starting point X* is chosen, and a local approximation is built using the p nearest
neighbours of X* in the grid (Y1, Y2, ... Yp). The exact function is to be computed (FE
analysis) at these points.

the minimum of this approximate function is then determined and taken as the next
iterate.

At each iteration, the approximate function can use some previously calculated points, or
new points of the current grid; in order to converge, it may be necessary to refine the grid
locally.

A square box was proposed as benchmark for Numisheet’ 93, for experimental studies and
numerical simulations. Two material were tested: an aluminium (n=0.3593, r=0.6425) and a
steel (n=0.2637, r=1.77). It was found experimentally that for the aluminium a failure
occurred for a depth of 20 mm. We use the properties of the aluminium has starting point of
the optimization procedure for a drawn part and a punch travel of 23 mm.

The safety margin s is taken as 0.05. The limit w is set to 5, closed to the value obtained for
the risk wrinkling factor for the steel. For the initial properties some points of the FLD are
above the secure FLC. After optimization using diffuse approximation with a 12x12 grid and
8 neighbours, the FLD is below the FLC (Figure 1) and the maximum wrinkling risk factor is
less than 5. The solution (n=0.1943, r=1.9339) is obtained after 7 iterations and 26 function
evaluations. Nevertheless, due to the choice of the objective function (sum of two penalty
functions to avoid failure and wrinkling), this solution is not unique: J = 0 for any material
satisfying the constraints. The use of an approximation allows the estimation of the feasible
domain boundaries, giving all the admissible materials.

s DLF
— CLF s=0,05
= DLF initial
—— CLF initiale s=0,05

06 05 -04 -03

Figure 1. FLD and FLC for the initial and optimal material parameters (iteration 7).
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