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

HYR2: Project F2: From final properties of components to mould and process design
in metal injection molding.

Summary: According to the updated work plan of the project, the last developments
consist in the comparison of two strategies concerning optimization methods (genetic
algorithm, surfaces responses) for the process optimization concerning various parts
(tensile and wheel components) in their injection stage of the MIM

1 Definition of the general strateqy for optimization in MIM

The proposed optimization strategy has been applied successfully in MIM. The
injection of a tensile test specimen has been studied. The preliminarily selected
process parameters, according to the process requirements, are indicated in table 1.

Process and material parameters Factor fields (2 levels)
A Viscosity Law Experimental Data // Newtonien Law
B Injection Pressure [1-16 MPa]
C Melt Temperature [90 - 220 °C]
D Mold Temperature [30 - 50 °C]
E Powder Volume Fraction [0,4 - 0,7]
F Interaction coefficient [0,001 - 0,007]
G Powder Density [1-8g/cm3]
H Binder Density [0,5- 2,5 g/cm3]

Table 1: The overall optimization strategy for the injection stage in MIM

A fractional design of the experiments (DOE) [3] based on a TAGUCHI method [2]
has been applied. It is found that the most sensitive parameters are: powder volume
fraction, interaction coefficient, powder and binder densities.

2 Objective function

The proposed objective function takes into account the effects of geometry in mould
cavity and the minimization of powder segregation in injection molding. It is
expressed as:
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3 Optimization Methods

First method:

The proposed method for optimisation firstly consists to the generation of a response
surface by the MSLA method [1] associated with the cost function. The minimum is
then obtained through by a genetic algorithm.

Second method:
The optimizer has been coupled directly with the metallic injection molding software.
The method used by the optimizer is based on a genetic algorithm "GENOCOPIII"[4].

Comparative test:

a) The injection of a tensile test specimen has been studied in order to compare the
both method. This optimization has been performed with 2 or 4 parameters.
Admissible ranges for the selected process parameters are given in table 2.

Optimization with 2 parameters:

Powder volume fraction 0.4-0.7
Binder density 05-2g.cm®

Optimization with 4 parameters:

Powder volume fraction 04-07

Binder density 05-2g.cm®

Powder density 1-8g.cm®
Interaction coefficient 0.001 — 0.007 Pa.s.m™

Table 2: Admissible range used for the optimization strategies.

Comparison of the two methods in terms of the optimal values is given in table 3.
Method 1 is less expensive than method 2 in CPU time, while method 2 is more
accurate. However, better results can be obtained with method 1 by increasing the
point numbers for the discretization of field domains.

Method 1: Method 2:

Surface response with 4 point numbers Genetic algorithm

Optimal values (Optimization with 2 parameters)

Powder volume fraction 0.52 Powder volume fraction 0.54
Binder density 1.47g.cm™ | Binder density 1.299.cm™

Optimal values (Optimization with 4 parameters)

Powder volume fraction 0.56 Powder volume fraction 0.50

Binder density 1.43 g.cm”® | Binder density 2.33g.cm”®
Powder density 1.65 g.cm™ | Powder density 2.34 g.cm™
Interaction coefficient 0.0045 Pa.s.m™ | Interaction coefficient 0.0027 Pa.s.m™

Table 3: Comparison of optimal values with the both optimization methods

b) The second case, to be optimized with 4 parameters, is the injection of a wheel
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specimen in order TR 1 methods, see figure 1. Admissible
ranges for the se B ' e given in table 2. The results of
optimization are gi fm

Figure 1:Mesh and geometry used for the tensile specimen (nb. nodes: 1679, nb.
element 1040).

Method 1: Method 2:
Surface response with 4 point numbers Genetic algorithm
Optimal values
Powder volume fraction 0.56 Powder volume fraction 0.50
Binder density 1.43 g.cm™ | Binder density 2.33g.cm”
Powder density 1.65 g.cm™ | Powder density 2.34 g.cm™
Interaction coefficient  0.0045 Pa.s.m™ | Interaction coefficient 0.0027 Pa.s.m™

Table 4: Comparison of optimal values with the 2 optimization methods

The comparison of the both methods concerning the optimal values is given in table
4. Method 1 is less expensive in CPU time but method 2 is more accurate.

4 Segregation results.

The powder volume fraction for the tensile tests and wheel tests injected with the
optimal values is plotted in figure 2 a) and b). In the both cases the segregation
phenomenon is reduced, a relatively homogeneous repartition of the solid volume
fraction is obtained.

Figure 3 a) and b) Repartition of the solid volume fraction with the optimal values
resulting from the optimization strategy.
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