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Fig. 3. Ferrite fraction after     regeneration process, temperature of preheating: a) 20°C, b) 100°C, c) 200°C, d)300°C

Fig. 4. Pearlite fraction after regeneration process, temperature of preheating: a) 20°C, b) 100°C, c) 200°C, d)300°C
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causes deepening of the fusion zone. The paper did not analyze 
the parameters of the process due to the depth of penetration.

The composition of hardening phases – bainite and mar-
tensite (Figs. 6,7) indicates the rightness of using preheating at 
least at the level of 200°C.This provides a lower level of effective 
stress (Fig. 9), which has strong impact on the appearance of 
cracks. The areas with a higher value of   plastic strains (Fig. 11) 
correctly show the place where the cracks can occur. The level 
of plastic strains is strongly disturbed by the adopted recrystal-
lization condition. It was assumed in the model that the plastic 

strains are reset if the average temperature of the finite element 
is above 0.7 of the solidus temperature.

The distribution of plastic strains (Fig. 11) also indicates the 
large role of interpass tempering. A lower value of the yield point 
for the tempered martensite (set as the bainite) (Figs. 8, 10) is 
the reason for the lack of cracks between the padding weld. The 
cracks in the unfavorable distribution of structural and thermal 
strains may occur in the cross-section of the padding weld.

4. Conclusion

The presented numerical model ma  kes it possible obtain 
the information about the state stress and the distribution of the 
phase in elements made of medium carbon steel regenerated by 
the base material. The fraction of martensite (clo  se to 100%) (Fig. 
7a) for the temperature of an element that equals T0 = 20°C causes 
a si  gnificant concentration of stresses reaching over 700 MPa 
(Fig. 9a). The low share of bainite (Fig. 6a), at the level of a few 
percent, can cause the initialization of cracks inside the martensite 
structure. The forming structure in this temperature may be speci-
fied as brittle, less impact resistant and susceptible to high and 
low tempering. On the other hand, obtained results can be used 
for the material preheating above 200°C giving the structure of 
bainite (more than 80% bainite) (Fig. 6d) with a small amount of 
martensite and tempering martensite (20%) (Fig. 7d). The level of 

Fig. 6. Bainite fraction after   regeneration process, temperature of preheating: a) 20°C, b) 100°C, c) 200°C, d)300°C

Fig. 5. Depth of penetration z    one after the welding process of the 
construction steel
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Fig. 7. Martensite fraction after regeneration process, temperature of preheating: a) 20°C, b) 100°C, c) 200°C

Fig. 8. Tempered martensite fra    ction after regeneration process, temperature of preheating: a) 20°C, b) 100°C, c) 200°C

residual stress (fo   r an elemental ready preheated to the temperature 
of 200°C) does not achieve 500 MPa (Fig. 9c). Taking into account 
the further treatment of the welded element and the value of yield 
point (Fig. 10), the initial temperature of the element should be 
above 200°C. The level of plastic strain (Fig. 11), particularly in 
the interpass areas, is several times higher when the element has 
a temperature of 20°C than when the temperature is above 200°C.

The analysis of results gives the possibility to select an 
appropriate preheating temperature for economic as well as 
technological reasons. The tested material is difficult to regen-

erate. The presented analysis allows one to evaluate if defects 
after regeneration may occur. The described mathematical model 
can be used in the selection of the parameters of process such as: 
the preheating temperature, geometry of the padding weld and 
the choice of the cooling medium. All of the presented results 
ha  ve been obtained from the original application based on the 
finite element method. This application allows one to perform 
the simulation of regeneration of elements made of C45 steel in 
order to evaluate the possibility to crack and also the dimensional 
changes of the regenerated parts.
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Fig. 9. Effective stresses [MPa] after regeneration process, temperature of preheating: a) 20°C, b) 100°C, c) 200°C, d)300°C

Fig. 10. Yield point [MPa] after regeneration process, temperature of preheating: a) 20°C, b) 100°C, c) 200°C, d)300°C




