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Summary 

When a component’s producer wants to optimize an existing forging sequence and reduce its cost, 
there are usually 3 possibilities: reduce the flash, increase tooling life and/or reduce forging steps. In 
case of cold forming, flash is often already reduced to the minimum and one should concentrate on 
the two last options. In this paper, we demonstrate how automatic optimization techniques can be used 
to reduce the number of forging steps by modifying the geometry of the tooling in the intermediate 
stages  while controlling the needed forming force. Modification of the die geometry is achieved by 
driving SolidWorks

®1
 CAD software automatically both in 2D and in 3D. The same optimization 

technique is then used to go further ie: part properties or die life. 
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1. Introduction 

Our aim in this paper is to demonstrate how 
automatic optimization techniques can be used 
to reduce the number of forging steps. After a 
brief description of the methodology we present 
2 different examples (a 2D and a 3D one). In 
both cases, the idea is to work on tooling 
geometries of the intermediate forming stages. 
During the optimization process, dies shapes are 
modified automatically through a CAD 
coupling. 

The last section of this paper is devoted to the 
use of the optimization technique applied to 
pre-stressing. 

 
2. Automatic optimization technique 

Meta-model Assisted Evolution Strategies 

(MAES) are regarded as quite robust algorithms 

with respect to local extrema. They enable to 

solve the most complex optimization problems. 

Evolutionary algorithms (ES) typically rely on 3 

operators: selection, recombination and 

mutation. Their cost is usually quite high in 

terms of function evaluations. MAES proposed 

by Emmerich et al combine an ES with Kriging 

meta-models to reduce the number of function 

evaluations. An overview of MAES is depicted 

in Figure 1. It starts by choosing an initial 

population. 

 

 
Figure 1: MAES typical algorithm 

 

After having completed the F.E. simulations 

for the initial population, the best individuals 

are selected, recombined and mutated to yield  

children forming a new generation. The results 

of the previously performed F.E. calculations 

are used to fit a Kriging meta-model, so instead 

of running the expensive F.E. calculations for 

the  children, the results are first estimated. 

The objective function values f are not directly 

approximated by f , but by f f , where f  

is the Root Mean Square Error of the Kriging 

approximation. f f  is the merit function. 

Based on these predictions, only some percent 

of the children are actually evaluated by running 

the F.E. simulations. In this way, the 



meta-modelling technique saves most of the 

time-consuming calculations. The Kriging 

meta-model is then updated with the new 

obtained simulation results. This procedure is 

repeated generation after generation until the 

maximum number of F.E. simulations is 

reached. 

As all the simulations of a given generation 

can be computed at the same time, the needed 

elapsed time to achieve the optimization can be 

reduced to the number of generations multiplied 

by the time needed to achieve one simulation. 

The coupling with the CAD is achieved by 

running the CAD in script mode. For each 

individual to be really computed, the CAD will 

read the original geometry as well as the new 

parameters’ values and update the geometry 

accordingly before achieving the simulation. 

 
3. Valve housing example 

With this example, the original forming 
sequence is made of 4 cold forging stages which 
are presented in Figure 2. 

 

    
Figure 2: Original sequence 

 
An analysis of the obtained results shows that 

the level of damage based on a normalized 
‘Latham and Cockcroft’ criteria is quite 
significant (Figure 3) with a large area above 
0.4 and a maximum at 0.5 which could be 
considered (depending on the material) as a 
trigger value for beginning of cracks. 

 

Figure 3: Normalized ‘Latham and Cockcroft’  
 
Roughly speaking, Normalized ‘Latham and 

Cockcroft’ is a measure of the plastic strain 
given in tension. 

NLC=   (1) 

Where  

is the first principal stress (only positive 
values for tension are considered) ; 
eqis the equivalent stress;
dis the increase of plastic strain. 



 

 

  
Figure 4: Building of damage with the forging steps 


Our objective will be then to reduce the 

number of stages while reducing normalized 
‘Latham and Cockcroft’ value. Starting from a 4 
stages forging, we could try a 3 stages sequence 
but for the purpose of the demonstration we will 
go directly for 2. The last stage design being 
fixed, the parameters are to be defined on the 
first die set geometry. To give more flexibility, 
we have also added the friction as a 
supplementary adjustable parameter. 

Billet, as well as final dies geometries, being 
fixed, correct filling is guaranteed by the good 
corrolation  between cavity and billet volume 
but we have added a constraint to avoid possible 
folding (Figure 5). 

 

 



Figure 5: Folding in progress 
 
The optimization has been computed using 10 

generations of 6 individual each. As all the 
individuals belonging to the same generation 
can be computed at the same time, the needed 
CPU is ten times the CPU of one individual ie 7 
minutes in average. The whole optimization can 
then be completed in 1 hour 10 minutes on a 6 
cores computer. 

Figure 6 displays the optimum found in 2 
stages. The part is free of folds. 

 

 
Figure 6: 2 stages forging 

 
Figure 7 displays the comparison in terms of 

Normalized Latham and Cockcroft between the 
original 4 stages design (left) and the new 2 
stages design (right). Scaling for colors is the 
one used in Figure 3.  

 

 
Figure 7: Normalized ‘Latham and Cockcroft’ 

in original and optimized designs 
 
With this new design, the maximum value 

decreases from 0.5 to 0.33. The drawback of this 
new design is that the forging load is about 50% 
higher which is not very surprising as a more 
‘compressive’ design will decrease the value of 
and then the building of the damage. 

 
4. 3D shape optimization 

The following example is relatively similar 
except that the part is a 3D part (Figure 8). 

 
Figure 8: 3D part 

 
Original forging was made of 5 stages and the 

aim here is to reduce it to 4 steps by gathering 
stage 3 and stage 4 while minimizing the 
maximum force needed to achieve the forming. 
The last tooling stage being fixed, the idea is to 
modify the geometry of the last but one tooling 
set and we have been focusing on one of the dies 
located in the central area. 

To make it simple, this shape is defined as a 
conical area and 2 parameters have been 
selected: angle () and base radius (Figure 9). 

 
Figure 9: 2 optimization parameters 

 
With this new 4 steps design, the force of the 

last stage in the best found case remains within 
the 16 tons while the original 5 stages design 
reached 28 tons (Figure 10). 

 

 
Figure 10: Force comparison in tons on final 

stage 
 
These results have been obtained in 17 hours 

on a 8 cores machine. 



 

5. Pre-stressing strategy optimization 

For this kind of closed die forging, the stress 

level in the dies can be quite large. To control it, 

it is usual to pre-stress dies. The diameter of the 

pre-stressing ring is often limited by the 

available space and then it is usually more 

convenient to adapt the interference fit. 

For this last optimization, we have used only 

one parameter (interference fit) and two 

minimizables: the maximum first principal 

stress and the maximum equivalent stress. 

 

Figure 11 displays how both objectives vary 

with the interference fit. The first principal 

stress will decrease until a minimum is reached 

while the equivalent stress reaches a minimum 

for a value of 0.12 mm which is classical.  

 

 
Figure 11: Stress evolution vs Interference fit 

 

 

Figure 12 displays first principal stress 

without interference (left hand side) and with 

optimal interference fit (right hand side).  

 

 
Figure 12: First principal stress distribution 
 

In this example, pre-stressing makes possible 

to move from a tensile situation (positive first 

principal stress) to a globally compressive stage. 

 

Figure 13 displays equivalent stress without 

interference (left hand side) and with optimal 

interference fit (right hand side). In this case 

also the influence is obvious. 

 

 
Figure 13: Equivalent stress distribution 

 

This result has been obtained in less than 10 

minutes on a 8 cores machine. 

 

6. Conclusion 

In this paper, we have shown how it was 

possible to automatically modify dies 

geometries in order to optimize part properties 

and/or production cost (reduce steps number, 

reduce force, reduce die stress). This has been 

achieved using the FORGE
®
 NxT unique 

capability to work directly on pre-defined 

parameters of CAD geometries. The build-in 

parallel aspect of the algorithm makes possible 

to obtain such results in a limited time (from 

several minutes to several hours depending on 

the case). 
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