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

HYR1: Project F2: From final properties of components to mould and process design
in metal injection molding.

Summary: Accordingly to the updated work plan of the project, the last developments
concern the definition on overall strategy for optimization of the injection and sintering
stages in MIM.

1 Definition of the general strategy for optimization in MIM

The overall optimization strategy defined for MIM is schematized in Fig. 1, including
all the links with finite element simulation software [1].
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Fig 1: The overall strategy for optimization in MIM

2 Parameters to be optimized and cost function
The main parameters to be optimized are defined as following:
Injection parameters:

- Injection Pressure and Velocity,

- Packing Pressure,

- Injection Temperature,

- Mold Temperature,
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- Melt Temperature,

- Filling Time,

- Cooling Time,

- Runners cross section,
- Number of mould gates.

Mold parameters:

- Runners cross section,
- Number of mould gates.

Viscosity law:

-Viscosity = f(F ¢,T,e,...).

3 Objective function

The proposed objective function accounts for the effects in mould cavity geometry
and concerns the minimization of powder segregation in injection molding. It is
expressed as:
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The physical and technological constraints are listed as:
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4 Optimization Method

The proposed method for optimization consists firstly to the generation of a response
surface associated to the cost function [2]. Then the optimization method is applied to
the response function that permits to reduce the total number simulations during the
optimization stage.

In order to determine the most sensitive parameters [3], the proposed process
consists in the first stage to the design of experiments to define the driving
parameters, see figure 2.
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Fig 2: The optimizations strategy

In order to provide an analytical form as close as possible to the response of the
process, an innovative interpolation algorithm (Moving Least Square Approximation
MLSA) is adopted for the interpolation the response surface. The construction of an
approximated analytical function by MLSA method is illustrate In figure 3,
corresponding to the following equation:

F(xy) =0.01((x +0.5)* - 30x* - 20x+ (y +0.5)* - 30y* - 20y)
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Fig 3: A numerical example which illustrates the MLSA method

5-Application in Metal Injection Molding

The proposed optimization strategy has been applied in MIM. The studied case is the
injection of a tensile test specimen. The admissible range for the selected process
parameters are indicated in figure 4.
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- Factor A: Viscosity Law (Experimental Data or Newtonien Law (10 Pa.s)),
- Factor B: Injection pressure ([1 — 16MPa]),

- Factor C: Melt temperature ([90 — 220°C]),

- Factor D: Mould temperature ([30 — 50°C]),

- Factor E: Powder volume fraction ([0.4 — 0.7]),

- Factor F: Interaction coefficient ([0.001 — 0.007]),

- Factor G: Powder density ([1 — Sg/cm3]),

- Factor H: Binder density ([0.5 — 2.Sg/cm3]).

Fig 4: A tensile test specimen and the process parameters

15 mum

A fractional design of experiments (DOE) based on a TAGAUCHI method [4] has
been applied. It is found that the most sensitive parameters are: Powder volume
fraction, Interaction coefficient, Powder density and Binder density.

The optimization process has been applied in MIM for injection of the tensile test
specimen (figure 4), 16 computations are used to evaluate the response surface
function. The results are givenin Fig 5 a. This obtained response surface represents
well the influence of process parameters. But it should be noticed that the sub
domain around the minimum point has to be defined more accurately. In figure 5 b,
one can find clearly that the segregation effects are considerably reduced.
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Fig 5:a) Response surface, b) Powder volume fraction contour after optimization

6-Further and concluding remarks

In order to solve large scale optimization problems in MIM, the work is now focusing
on the automatic construction of the response surface and the optimization tools (GA,
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EA or FSQ methods).
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