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Abstract Because of the high heating and cooling velocity values, welding procedure is an unstable process. During 
welding, changes in microstructure are occurring under overheating and/or cooling conditions. In comparing to the 
parent steel (PM), throughout welding of steel alloys, a whole series of complex processes are performed which 
influence to the appearance of different weldments microstructure and at the level of stresses in  the weld metal 
(WM) and the heat-affected zone (HAZ). In present paper, the analytic dependence between Vickers hardness (HV) 

results of experimental investigation of NIONICRAL 70 (NN-70) steel. 
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1. Introduction   

Due to the high values of heating and cooling speed, welding is a non-equilibrium process, and all 
changes in microstructure that occur during welding, develop in overheating or undercooling conditions. 
At the locations of the joint formation during welding of steel by melting, a whole series of simple and 
complex processes develop, causing the appearance of differences in the microstructure and the level of 
stresses in the welded joint (WJ) constituents, weld metal (WM) and heat-affected zone (HAZ), 
comparing to the parent material (PM) [1]. The mechanical properties of the overall WJ depend on the 
properties of PM, WM and HAZ. These properties depend on the microstructure of certain parts of the WJ 
determined by the chemical composition, the thermal cycle of welding and the previous, or subsequent 
thermal treatment. The chemical composition of WM depends on the share of the parent and filler metal in 
the WM and the interaction of metals, slag and gases. Depending on the interaction of these relevant 
factors, the WM strength may be at the level of the strength of the PM (mismatching), higher 
(overmatching) or bellow (undermatching) the level of the strength of the PM. [2-4]. The welding 
procedure significantly affects the WM properties since the WM microstructure and chemical composition 
as well depend on them. The share of PM in the WM depends on the welding procedure specification 
(WPS), and this ratio may vary from 15 to 80% [5]. The thermal welding cycle represented by a 
continuous cooling transformation (CCT) diagram, Figure 1, is the basic criterion for estimation of the 
influence of parameters of the welding procedure on the modification of the microstructure in the PM, 
Fig. 2, subjected to the thermal effect during welding, and therefore to the variation of hardness in the 
HAZ. 

  
Figure 1: CCT diagram of steel NN-70 [6] 
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Figure 2: Heterogeneity of structures in heat-affected zone for single-pass welding [7,8], A  Coarse grain HAZ (CGHAZ), B  

Fine grain HAZ (FGHAZ), C  Intercritical HAZ (ICHAZ), D  Subcritical HAZ (SCHAZ) 

Regarding the properties of the WJ, one of the biggest problems is the variation in the metallurgical and 
mechanical properties in the HAZ, that is, the drop-in plasticity in the HAZ, which is directly related to 

 

2. Materials and methods 

2.1. HAZ Thermal Simulation of Samples 

For the simulation of the HAZ, steel NN-70, the Yugoslav version of the American steel HY-100, was 
used. The chemical composition and mechanical properties of the steel NN-70 are given in Tables 1 and 
2. 

Table 1: Chemical composition of as-rolled NN-70 steel, wt % 

C Si Mn P S Cr Ni Mo V Al 
0.106 0.209 0.220 0.005 0.0172 1.2575 2.361 0.305 0.052 0.007 
Cu Ti Nb As Sn W Sb Ta Co N 

0.246 0.002 0.007 0.017 0.014 0.0109 0.007 0.0009 0.0189 0.0096 

Table 2: Mechanical properties of NN-70 steel 

Material E, GPa Rm, MPa Rp0.2, MPa A5, % HV30 Etot, J Ei, J Ep, J 

PM 209 860 809 28.6 245-269 96.83 39.6 57.23 

Standard Charpy specimens (11x11x 60 mm) and fatigue specimens (11x11x90 mm) [9], were 
simulated on thermal cycle simulator Smitweld 1405 Fig. 3a. Thermal cycles were achieved by electro-
resistant heating according to a given timing plan, controlled using a photocell by monitoring of the given 
cooling curve, Fig. 3b. Through the specimen, predetermined and adjusted heating current was passed 
until the specimen was heated up to the maximum temperature. The jaws in which the sample was held 
were cooled with water, and the sample itself was cooled with an inert gas stream. 

 
a. Thermal cycle simulator Smitweld 1405 

 
b. Scheme of HAZ simulation 

Figure 3. Thermal simulation of HAZ on samples of NN-70 steel [2, 9] 
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Samples were exposed for 0.5 s to the austenitization temperature of 1300 °C for different cooling 

that approximately correspond to those of HAZ of NN-70 steel, formed in conditions of different welding 
regimes [5, 10]. 

Table 3: The results of hardness measurement of simulated HAZ and real HAZ of NN-70 steel and their polynomial dependence 

Measuring 
point 

1 2 3 4 5 Average 
value 

mm 
8/5, s 1.5 3.5 5.5 7.5 9.5 

8 401 387 407 384 393 394.4 HV10 

10 338 359 362 366 347 354.4 HV10 

20 352 362 364 359 360 359.4 HV10 

40 275 275 280 270 271 274.2 HV10 

Measured in previous studies [5, 10] 

18 
[5] 

360 HV30 
30 321 HV30 
40 

[10] 
276 HV10 

42 265 HV10 
 
The samples of the simulated HAZ were tested for hardness, HV 10. The results of the measured 

hardness on the samples of the simulated HAZ were compared with the results of the hardness of the real 
HAZ measured in previous studies [5, 10], that have been taken in this paper. On the basis of the 
measured and taken data [5, 10], Tab. 3, the polynomial dependence of the variation in hardness HV10, 

 

3. Conclusions 

Based on the selection of hardness in HAZ of the NN-70 welded joint, the diagram of the polynomial 
dependence of the variation of hardness HV10 8/5, allows us to choose the appropriate 
HAZ plasticity, which requires a corresponding welded microstructure with a controlled cooling time. 

8 /5 = 40 s have the highest value of impact energy, 
and therefore this regime was selected for the thermal simulation of all experimental samples used in this 
study [12-15]. 
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