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Of all the manufacturing operations of steel components, the heat treatment is the most sensitive
and least controllable, since it can drastically alter the shape by inducing excessive and generally
uncontrolled distortion.

 As a way to develop a modular environment software able to assist the companies performing heat
treatment, an IMS (Intelligent Manufacturing System) consortium has been set up, with 21
partners out of four continents. This Virtual Heat Treatment project will ideally be able to store and
maintain the industrial knowledge of each user on this kind of process, to provide qualitative
advises on the risk of distortion and to drive simulations performed with some pre-existing
compatible FEM codes.

This concept will contain material and process database dedicated to the simulations. One of the
challenges of this project is to develop a coming tool with specialists of such different domains as
heat treatment, industrial design and software solutions, coming from different countries.

The main ideas of this project:
The maintain of the industrial knowledge despite the technical staff changes is a key point in the industrial companies. There
is an industrial requirement for a tool allowing to store this knowledge and know-how:
 - geometry of the parts, the process parameters used, the problems met, the artfulness used…
 - other key point: the empirical methods used by their highly skilled technicians for several years on their particular
process.
This kind of information is difficult to format and to collect, and it represents a challenge to do it, but associated with an
adapted Knowledge Base System (KBS) in a friendly tool, it may allow to provide some important informations on the next to
come processes: the risk of distortion of the parts, what are the more suitable process parameters for this kind of part, in the
stored cases, what is the closest case to the new one… (qualitative advices ).

In the same way, all this knowledge and set of rules, associated with the mastering of the models implemented in the FEM
codes and with a dedicated Knowledge Base System could improve the calculations. It would inform the user on the FEM
simulation results reliability, provide the input parameters actually needed for the simulation, and drive the calculation in
the more suitable configuration (quantitative advices ).

The needed input data relative to the material and process will be stored in a dedicated database.

The data bases
• A Material and process database: thermophysical properties, IT diagrams, mechanical properties, cooling characteristics, heat transfer depending on temperature…
• A generic database in the field of heat treatment consists in establishing the value (or the evolution with temperature) of a material parameter with an empirical function based on the chemical composition.
• The real case base (Cbase) will allow the industrial users to collect, classify and store the whole information (process parameters, geometry of the part, problems… ) about each industrial part they treat.
The models implemented in the FEM codes
In the way to estimate the FEM simulation results reliability according to the analysis of the specificities of the part/alloy/process characteristics by the KBS, and to adapt the simulation to these specificities, the main
point is the mastering of the models implemented in the FEM codes. Indeed, the involvement of the KBS will tend to simplify the resolution of the thermo-metallo-mechanical field, depending on the specificities of the
query. To simplify/adjust this resolution, the key point is the exhaustive knowledge of the sensitivity of the modelling of this thermo-metallo-mechanical field. More especially, an important task is the identification of the
dependent and independent product and process parameters that have an influence on distortion to determine how these parameters must be taken into account to orientate the computation of the heat treatments
process. The interdependence and correlation between these parameters will also be established. Experimental ways and means of determination of these parameters quantitatively will also be assessed regarding
carburizing and quenching, and a complete numerical sensitivity study of the parameters of the models influencing the distortion will be performed, more especially by an experimental design.

Two models of this type are implied in the Virtual Heat Treatment project. They are very close in term of models of prediction of phase transformations during continuous cooling: developed by Inoue and al. and Denis and
al., they are based on the principle of additivity and perform separately the calculation of the incubation period and phase growth using isothermal transformation data.

The Knowledge Base System
The Knowledge Base System has to provide two different types of information: qualitative advices for the user and data for tuning the FEM simulation. The architecture of the KBS module will be a mix of the Constraint
Satisfaction Programming (CSP) and Case Base Reasoning (CBR) methods. Depending on the query, one of these methods will resolve the hard combinatorial problem submitted.

CSP is a technology for declarative description and solving of large, particularly combinatorial, problems especially in areas of planning and scheduling. It is based on a set of variables, for each variable a finite set of
possible values, and a set of constraints restricting the values that the variables can simultaneously take. When the problem to be solved is inside the boundaries of the domain and the data (variables) and rules
(constraints) are complete, the CSP proposes the solution(s) corresponding to the query whatever the chosen direction of progress. In a first time, the variables allowing to represent a heat treatment process were
identified. In this problem,  six groups of variables are required:

•First group: the variables concerning the materials, this group deals mostly with the chemical composition and the thermophysical parameters
•Second group: the CCT diagrams;
•Third group: the variables dealing with the shape of the steel parts to treat;
•Fourth group: the cooling laws;
•Fifth group: the variables dealing with the heat treatment process, such as the quenching fluid, the type of agitation in the fluid tank, the austenitizing temperature;
•Sixth group: the variables dealing with the results, such as the final deformation and hardness of the treated part.

These variables are symbolical or numerical (integer or real). Their domains of acceptance are defined by lists (symbolical or numerical) or intervals (only numerical). These variables have been identified in accordance
with the Case Base Reasoning experts, in the purpose to obtain common formats.
In a second time, the rules and elements of knowledge corresponding to constraints, required for reasoning, has been collected. Different types of reasoning are possible to provide qualitative advices on the final
deformation of a steel part during a heat treatment process. The following example of reasoning allows to define some constraints:
The main idea on this example is to determine the stress state in particular points of the part (at the surface, in the core… ) during the quenching process. The knowledge of those stress levels allows to identify the type
of deformation submitted by the part. The stress state is obtained thanks to a reasoning taken into account the global shape of the CCT diagram of the steel and the cooling laws of the particular points.
CBR is another technique that is also close to the expert habit. In CBR, a new problem is matched against cases in a case-base and one or more similar cases are retrieved by means of relevance computation. A solution
suggested by the matching cases is then reused and tested for success. Unless the retrieved case is a close match, the solution will probably have to be revisited, producing a new case that may be retained.
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