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Motivation

• Modelling is an increasingly powerful and usable tool

• With the development of optimization techniques and machine learning, 
new opportunities for device development are opening up

• Nonlinear coupled models are not optimization-friendly
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Calibration of Material Characteristics

• Material parameters are big problem in area of numerical modeling

• Problems with nonlinear (temperature dependent) characteristics

• Material properties in liquid state

• Variations in material parameters of steels from different manufacturers

• Technique of automatic correction of material characteristics based on 
measurements using optimizations
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Calibration of Material Characteristics
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BOBYQA Monte Carlo
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Calibration of Material Characteristics
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Problem of CCT Diagram and Fast Cooling

• Prediction of the surface hardness

• Problems

• High cooling rate

• High temperatures

• Posibility to use calibrated numerical model

• Unknown values for calibration

• Power delivered to surface

• Heat transfer coefficient

• Material parameters
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Problem of CCT Diagram and Fast Cooling

• Model calibration with experiment

• Multiparametric optimization

• Calibrated model is ready to use to find cooling ration
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Optimization 

technique

Power of laser 

beam delivered 

to the spot (W)

Value of 

objective 

function

Iterations

Monte Carlo 632.4 917.5 500 (fixed)

Nelder-Mead 625.9 922.6 58 

BOBYQA 1 631.5 920.2 20

BOBYQA 3 630.7 924.9 18

BOBYQA 4 637.6 933.1 23

BOBYQA 5 636.7 896.1 28

BOBYQA 6 625.1 942.7 19

NSGA II 618.3 938.9 18
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Problem of CCT Diagram and Fast Cooling

• For prediction of harness, we can use for example formula proposed by 
Maynier et al., based on the material's chemical composition and the cooling 
rate. The formula reads

• We got hardness HVM = 588 HV

• When the measured was carried out directly on the rough weld, the method 
HV5 with a 5 kg load, the average of three experiments provided the value of 
572.6 HV.
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HVM  = 127 + 949·C + 27·Si + 11·Mn + 8·Ni + 16·Cr + 21·log v. 
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Model of Keyhole Effect

• As a result of the capillary effect and evaporation
of part of the material, the temperature flux 
penetrates to a greater depth

• Respecting this effect is important for further use 
of the model

• We've tried several techniques to respect that –
nonlinear boundary conditions, deformed
geometry, material characteristics, CFD, 
optimization of boundary shape
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Model of Keyhole Effect
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Liquid phase considertion

Full CFD model
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Model of Keyhole Effect
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Additive Technique Models
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• Modern technology for improving the quality and 
physical parameters of steel surfaces.

• The main problem is the change of geometry 
during the process (in time).
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Additive Technique Models
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We can use a combination of MATLAB and add small blocks to the 

geometry at each time step.
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Additive Technique Models
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In the next step, the pattern was formed by gradual deformation of the 

geometry.



FEL.ZCU.CZ

Additive Technique Models
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Last tested technique - the welded area and the shape of the pattern 

are formed by matrices that define the geometric area.
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