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Abstract. Most of forming processes are multi-stages processes. Typically, a standard forging sequence consists of three 

operations: Pre-forming, Blocker, Finisher, which are followed by heat-treatments. We call this the complete 

manufacturing chain. Simulation-wise, all these stages have to be computed one after the other; we call this the 

‘simulation chain’. From the optimization point of view, it is quite challenging because the process parameters which 

could be modified usually belong to the early stages of forming (blocker) while the quality or non-quality of the formed 

part only appears during the last stage (finisher or heat treatment). For any modification on the early stage, all the 

following stages have to be re-computed to evaluate the benefit of the modification. This is time consuming and then 

often people renounce to do it. In this paper, we show how the concept of 'simulation chain' used in the Forge software 

can be coupled with automatic optimization techniques to address this point. In order to get a smooth integration in the 

user workflow, all the geometries to be optimized (both initial shape of the part and dies) are generated and modified 

through CAD system driven by the Forge automatic optimization engine. 
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INTRODUCTION 

The use of material processing numerical simulation has become a day to day activity in many design offices. 

One could imagine that it has affected a lot the way people work but, actually, not as much. People still use the good 

old trial and error strategy to find the adapted manufacturing parameters. The only difference is that, today, trials are 

done virtually. As a trial doesn’t cost any materials nor interrupt the production, we should have expected that the 

number of trials would be increased to find a better solution but it is not always the case. The user time required to 

analyze the results, adjust the operating conditions and restart the simulation limits the number of trials. Automatic 

optimization has been designed to overcome this difficulty but, even if there is a large interest in the concept, the use 

of such a technique remains limited in the field of material forming simulation. Above the usual reluctance to 

change a way people have been working for years, some practical reasons explain this situation. 

(a) Concepts of objectives, parameters and constraints are not obvious and real world do not always easily fit 

in. 

(b) Usually, the objectives and constraints are defined at the latest stages of the manufacturing process while 

parameters correspond to the early ones which makes that the optimization is not done on a computation 

but on a ‘chain of computations’ 

(c) Coupling between Optimization kernel and simulation package is not obvious and requires at least a good 

expertise of both packages. 

(d) If parameters are geometries, they should be defined in the CAD software to provide a smooth integration 

in the Design Workflow. 

 
The 2009 version of the Forge simulation package including an ‘MAES’ based optimization module embedded 

in the main Graphical User Interface has brought a solution to the 3 first points. In order to address the last point, 

coupling CAD facilities has been added in 2011. Parameters defined in the CAD system can be automatically 

modified and tested. In this paper, we demonstrate the capability of such an approach on 3 very different examples: 

hot forging, cold forming and stress analysis. 

 

SHORT MAES METHOD DESCRIPTION 

 

MAES stands for Meta-model Assisted Evolutionary Algorithm. People interested in details can refer to [1] or 

[2] or [3] for instance. Generally speaking, the idea of evolutionary algorithms is to generate a first generation of 



individuals (an individual is fully defined by the parameters values), to evaluate them (in our case perform the 

computation and check the results), breed the best adding some mutation to get a new generation and loop on that. 

This method is generally considered as robust and doesn’t require computation of derivatives. On the other hand, it 

has also the reputation to be slow due to the large number of evaluation required. Meta-model are designed to 

address that. The first evaluations are used to build a meta-model to describe the behavior of the objective function 

as a function of parameters.  The meta-model is then used to evaluate some parameters sets in place of real 

computation and then save a lot of computation time. 

LOWER ARM EXAMPLE 

Case Description  

The typical sequence for this kind of part is to start with a reduced rolling stage then cambering, blocker and 

finisher. As often, we have split the design sequence in 2 different stages. First determining the optimum section 

distribution and then designing the reducer rolling to achieve it. Here we focus on determining the optimal section 

distribution of the work-piece before the cambering. The goal is to find the diameter distribution which gives the 

minimum mass but achieves the complete filling of the finisher stage (see Figure 1 for the forging sequence). In this 

example, the parameters (shaped bare geometry) have to be defined before the cambering computation while 

constraint (complete filling at the finisher stage) can only be judged after finisher computation. The objective  

(minimum mass) can be evaluated anytime in the process. 

The 3 forming stages as well as the needed inter-stages rotations and displacements have been included in a 

‘computation chain’. The automatic optimization engine will generate several bares geometries (one generation), run 

the corresponding simulation chains, evaluate the result, generate the new generation accordingly and loop several 

times on that sequence. 

 

 

 
 

Figure 1a: Cambering Figure 1b: Blocker Figure 1c: Finisher 

 Optimization Parameters and Objectives 

The preform has been designed in SolidWorks using 5 parameters (5 different diameters). Figure 2 displays 

work-piece geometry with the parameters. To take into account the fact that during the rolling stage, the left 

extremity will be held by a manipulator and then will remain untouched we have added a relationship between D0 

diameter and D2 (D0= D2 + 1mm). 

 

 
Figure 2: Initial geometry with parameters 

 



The objective is to reduce the mass under the constraint of filling the dies geometries at the finisher stage. To 

make flash trimming easier, we have requested a minimum flash length all around the part.  

 

Obtained results  

The optimization has been performed using 5 generations of 8 individuals which corresponds to 40 computations 

of the complete chain (cambering, blocker and finisher). Figure 3 displays obtained results with the best parameters 

set (ie: the bare geometry with the smallest mass achieving the complete filling of the finisher stage). As it can be 

seen, flash length is fairly uniform except the left extremity where the part is held and the diameter has to be 

maximum. Compared to the original design, the gain is around 5% in mass which is a significative gain for a part 

that is supposed to be already optimal. 

 

   
 

Figure 3a: Cambering Figure 3b: Blocker Figure 3c: Finisher Figure 3d: Original Design 

 

One of the interests of the MAES type algorithms is that, as they are independent, it is possible to compute 

individuals of the same generation at the same time. The elapsed time to perform the whole optimization is then 

number of generation multiplied by the time to compute one simulation chain: in this case about 5x2hours = 10 

hours 

 

PLANET GEAR EXAMPLE 

Case Description  

Typical process for such a part is to start with 2 forming stages then piercing and machining to achieve the 

central hole. The process is then completed by heat treatment to make the surface harder. During such a treatment or 

the associated tempering the geometry may deform a little bit which can be an issue. Often the diameter of the 

central hole has the tendency to be smaller at the top or lower surface level than in the middle. The result is a contact 

area between the shaft which goes in the central hole and the gear reduced to 2 circular lines creating stress 

concentration and other related issues. To avoid such a situation, it is possible while machining this hole to 

anticipate the deformation by giving a shape which would counterbalance it. In this example, the process is a 2 stage 

forging with annealing in between, followed by machining; carburizing, quenching and tempering (see Figure 4). 

Forming has been computed once to obtain initial strain and stress distribution. The computation chain is made 

of carburizing followed by quenching and tempering. The starting point is then the machined geometry; parameters 

are used to precisely describe the central hole. The objective is to be as close as possible of a targeted shape at the 

end of the process. Stress and strain from forming simulation is remapped on machined geometries before each 

computation.  



   
Figure4a: Forming Stage 1 Figure 4b: Forming Stage2 Figure 4c: Geometry trimming 

   

Optimization Parameters and Objectives 

The Machined geometry has been defined in SolidWorks using 4 parameters to describe the central shape. The 

objective is to obtain a final geometry as close as possible as the targeted shape (quadratic distance integrated on the 

surface) with a constraint to have the concavity in the right direction (relative values of lower, center and upper 

internal diameter). Once again, parameters are defined on the first stage while constrain and objective evaluation 

need completing of the last stage. 

Figure 5 displays results in terms of carbon distribution as well as final geometry in case of perfect cylindrical 

inner machining. To simplify the understanding, geometry distortion has been magnified. The curvature of the inner 

surface is easier to see. 

 

  
Figure 5a: Carbon distribution Figure 5b: Displacement contour-line on deformed geometry 

 

Obtained results  

Forming stages simulations have been performed first in order to get strain and stress distribution. The 

optimization has been then performed on a computation chain made of the carburizing and the quenching. During 

these 2 stages deformations are created both by the rebalance of the initial stresses (the remapping of stresses on 

smaller domain do not give a balanced situation) and by the density changes related to metallurgical or thermal 

phenomena. A solution giving a final geometry within the tolerances has been obtained in 5 generations of 8 

individuals. In this case, the influence of the parameters on the objective is simple and optimization could have been 

done by hand. A second stage of this study will be to add some process parameters in order to also improve hardness 

or residual stresses. These optimizations will probably require more generations but the short time needed by one 

(about 1 hour) makes possible to add several. 

RIVET IN USE EXAMPLE 

Case Description  

The example described hereunder shows how the multiple bodies coupled analysis feature may be used in a 

different field of simulation. The analysis has been performed by LISI AEROSPACE, a fasteners and assembling 

components supplier in aeronautics. The goal is to optimize a washer and self-aligning nut product line in order to 

decrease the weight of the assembling under an ultimate tensile strength (UTS) constraint. The product family is 

composed of 13 diameter codes from Ø6 to Ø32 code size (Figure 6a). Self-aligning nuts are used when the two 

assembled parts don't have parallel surfaces. (Figure 6b). 



 

 
Figure 6a: Product line Figure 6b: Product application 

 
A design using traditional and analytical rules has been applied as a starting point. Numerical analysis and 

experimental measurements performed on this original design indicate that, depending on the diameter code, the nut 

tensile strength may vary from 90% above the specification (Ø6) to 10% below the specification (Ø20). Manual 

optimization, satisfying mechanical constraints, has already been achieved by LISI AEROSPACE enabling a weight 

reduction varying from 35% for the smallest nut size (Ø6) to 10% for an intermediate size (Ø20). Those solutions 

are very interesting but it requires strong work and a lot of time to be determined. In fact, it's hard to find optimum 

configurations as the number of geometrical parameters is high and strong interactions exist that lead to complex 

behavior. The idea was then to use the automatic optimization capabilities included in Forge 2009 coupled with the 

SolidWorks CAD package used in LISI AEROSPACE. 

Optimization Parameters and Objectives 

 
LISI AEROSPACE has selected 5 independent geometrical parameters, some on the nut some on the washer and 

some on both to insure nut and washer geometrical compatibility.  

The objective is to decrease the sum of the nut and washer mass under the constraint of respecting a maximum 

displacement during the loading phase under a given force and a maximum residual plastic deformation after 

unloading. Some already done comparisons between simulations and experimental results drove to the conclusion 

that an increase of 10% of the applied force in the simulation versus what will be applied in the final real life test is 

enough to be on the safe side when nut validation tests will be performed. 

 

Obtained results  

Figures 7a to 7d display the assembly configuration: nut is red, washer is green, and bolt is yellow. Tensile force 

is applied through a pulling die using a bilateral contact assumption (pink color in the picture) and the whole 

assembly is maintained by a fixed die (blue in the picture). Due to the fact that blue surface is not horizontal, 

simulation has to be performed in 3D using 3 coupled elasto-plastic bodies (nut, washer and bold). Using automatic 

optimization made it possible to go further in terms of weight reduction. The gain is now 40% instead of 35% for Ø6 

and 15% instead of 10% for Ø20. Figure 7a displays original design for Ø6 while Figure 7b displays optimized 

design. Washer (in green) is a lot smaller while nut (in red) is thinner in 7b. Figure 7c and 7d play the same role for 

Ø20. Difference on nut is not obvious but difference on washer is easier to see. 

 

  

 
 

Figure 7a: Initial Design Φ6 Figure 7b: Final Design Φ6 Figure 7c: Initial Design Φ20 Figure 7d: Final Design Φ20 

 



CONCLUSION 

All the results have been obtained using standard features of the Forge software with the default parameters 

coupled with CAD packages. Probably, in all of these 3 cases an approach specifically tuned for the example would 

have given better results in a shorter time. However specific knowledge of automatic optimization would have been 

then required to select it. The interest of the proposed approach is that it gives, in a reasonable time, results relevant 

from an engineering point of view without any additional specific skills other than a good knowledge of the process. 

Other examples of application can be found in [4], [5], [6], [7] 
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