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Introduction

Cost saving and product improvement have always
been important goals in the metal forming industry. To
achieve these goals, metal forming processes need
to be optimised. During the last decades, simulation
software based on the Finite Element Method (FEM)
has contributed significantly to designing feasible
processes more easily. More recently, coupling FEM
to mathematical optimisation algorithms is offering a
very promising opportunity to design optimal metal
forming processes instead of only feasible ones.

Objective

The aim of the project is the design of an optimisation
strategy for metal forming processes. An optimisation
strategy consists of the modelling and the solving of
a mathematical optimisation problem [1]. This poster
addresses the solving part: an optimisation algorithm
is proposed and its high potential is demonstrated by
optimising a forging process.

Figure 1 : Sequential Approximate Optimisation

Methods

The optimisation algorithm A Sequential
Approximate Optimisation (SAO) algorithm is
proposed for optimising metal forming processes
using time-consuming FEM simulations. The
algorithm is presented in Figure 1. It includes a
Design Of Experiments (DOE) strategy, running
a number of parallel FEM calculations, fitting a
metamodel and optimising this metamodel. The
algorithm allows for sequential improvement to obtain
more accurate results.

Figure 2 : A forging process: (a) Preform; (b) Gear

Optimising a forging process The SAO algorithm
is applied to optimise the forging process of a gear.
Figure 2 shows the two stages of the process:
producing a preform and forging this preform into the
final product. The objective is to minimise (i) defects
in the final part; and (ii) the energy consumption
during forging. This is achieved by influencing the
design variables that describe the preform shape as
shown in Figure 3(a). Figure 3(b) shows the preform
shape proposed by the gear manufacturer.

Results and Discussion
The optimised preform shape is presented in Figure
3(c). The optimised forging process resulted in
a 10% reduction of both part defects and energy
consumption. These good results demonstrate the
potential of the SAO algorithm for forming processes.
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Figure 3 : (a) Design variables; (b) Initial preform shape;
(c) Optimised preform shape


