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6. Progress within the reporting period
(Not exceeding 3 pages, including tables and figures)

WP3: Improvement of the Response surface method

The response surface method developed to optimize the process parameters is based on the
determination of an explicit approximation of the objective function obtained by MLS (moving
least squares approximation):

J(X)=P(x)T.a(x)

P(x) is the polynomial basis and a the vector of coefficients obtained by solving the least
square problem:

i 1 m 2
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X k=1,....m are the points where the objective function has been computed and wX the
associated weights, which depends on the distances ( x, x). Therefore, the coefficients a of

j(x) are calculated at every point x , giving a local approximation. If a quadratic polynomial
basis is used, j(x) can be also considered as the Taylor expansion of J around x:
j(x):%AxTHAx+Abe+c

and the coefficients a correspond to approximations of the derivatives of J [2]:
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These approximate derivatives called "diffuse derivatives" can be used to find the minimum
of J, X, by solving a linear system. A new approximation is computed and the process is
repeated iteratively giving a sequence X!, ... , XP until the minimum of the exact function J is

reached.

If sensitivity analysis is available, the exact derivatives of J can be computed in the
evaluation points X k=1,....m and a different least squares problem is solved:

Min a%kﬁ w [ K-Pxk)Ta R + (1—a)k§ w, (V3K —vP(xK) a P
=1 =1

The parameter a is a weighting parameter specifying the relative influence of the
function and its derivatives in the approximation (0 < o < 1)

Application

The response surface method is used to optimize the dimensions of the blank ( x; and x,) of
the Twingo dashpot cup. The quality is related to the thickness variation (see HY Reportl),
and the objective function is defined by:




fh(x)=(nze": f:(x)] p;with f;(x):(heh‘ohOJ :(,q; _1)*’

where h,, h° are the initial and final thicknesses, A% is the principal stretch along the

thickness. The minimization of this objective function lets to attenuate the thickness
variations. Therefore, it allows to improve the workpiece feasibility, because in practice a
rupture is preceded by a high thinning and wrinkling is preceded by a high thickening.

Lower and upper bounds are imposed on the design variables. Local quadratic MLS
approximation are built using 9 evaluation points . In order to have a graphical representation
of the convergence path, many points have been evaluated to draw the isolines of the
function, but they are not used to compute and minimize the response surface.

The optimization procedure using MLS approximation is started using four different initial
points, but the same solution is obtained (figure 2). It can be observed on Table 1 that the
optimal blank dimensions lead to a good thickness repartition compared to those given by
the lower (maximal thickening +23%) and the upper bounds (maximal thinning —31%)

lower bounds optimum blank upper bounds
size
x1 (mm) 405.00 435.51 490.00
X2 (mm) 365.00 410.24 460.00
Ahmin -12.94% -17.51% -31.18%
Ahmax 23.32% 20.44% 18.64%

Table 1 — Design parameters and thickness variation
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Fig. 1 — Twingo dashpot cup Fig. 2 — History of convergence for
different starting points

The optimal design obtained with the surrogate IA model was then validated with
StamPack® commercial code based on the explicit dynamic incremental approach which is
known to be more accurate than one step approaches.

We have used triangular rigid elements for the tools. The die was meshed using a cordal
error of 0.03 mm and a maximal length of 100 mm. Using the blank optimal dimensions




obtained by the previous optimization procedure, the blank is first meshed using triangular
BST shell elements T3 with 3 degrees of freedom per node and a mapped mesh of 90x82
elements.

The maximum thickness variations obtained are +18.36 % and —18.91 % and are close to
those obtained using IA. Figure 3 and Figure 4 compare the thickness distribution along
profiles P, (parallel to x1) and P, (parallel to x2)
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Thickness comparison along profile P1 Thickness comparison along profile P2
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