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When applying a concentrated electron beam the heating 
rate is about 6000 K/s, and the cooling rate of HAZ is less than 
2 s (time t8/5). For comparison, the heating rate for arc welding 
processes is much lower about 200 K/s, and the cooling time of 
t8/5 amount of dozen or so seconds [28]. The different thermal 
conditions that occur during the process of electron beam weld-
ing cause that the hardness of the HAZ is less near the weld line 
(short cooling time t8/5) the hardness is reduced to a value of 
370HV from 485HV for S960 steel. Such a phenomenon is not 
observed in the arc welded joints where the heating rate is much 
lower. Therefore, it is believed that at very rapid thermal cycles 
the level of austenite homogenization is small and the growth 
of austenite grains is suppressed. Unfortunately, there is no pos-
sibility of practical verification of this assessment for the EBW 
conditions. There is lack of methods of physical simulation of the 
EB proces. However, it is apparent that these fast thermal cycles 
have a significant impact on the microstructure and properties 

of the welded joint. Thus, the temperature ranges presented in 
Fig. 4 have only information function.

The results of mechanical properties of the EBW joint of the 
steel S960QL grade are collected in Table 5. The tensile strength 
is at the level of the strength of the base material, TS = 1074 MPa.  
The required bending angle of 180° was achieved. The impact 
strength at –40°C was 71,7 J/cm2. 

The results of supplemental hardness measurements (HV10) 
performed in places marked in Fig. 1 are presented in Table 6. 
The hardness values were lower than 450 HV10 – the tolerable 
hardness level for qualifying welding technology according to 
the ISO 15614-11 specifications [27].

The microstructure of the Weldox 1300 steel was composed 
of tempered martensite (Fig. 5). The macrostructure of the EBW 
joint of 6 mm in thickness is shown in Figure 6. The results of 
hardness measurements are shown in Figure 7.

TABLE 5
The mechanical properties of the EBW joint, S960QL steel

No. Sample designation
Strength properties Bend angle

Remarks
Fm, [kN] Rm, [MPa] [°]

1 R1 284,1 1078 — rupture out of weld
2 R2 280,3 1074 — rupture out of weld
3 R3 286,1 1070 — rupture out of weld
4 FBB1 — — 1801 without cracks
5 FBB2 — — 1801 without cracks
6 RBB1 — — 1801 without cracks
7 RBB2 — — 1801 without cracks

Impact energy [J]/ toughness [J/cm2]
Temperature

0°C –20°C –40°C
8 KV/VW 94/117,5 40/50,0 40/50,0
9 KV/VW 162/202,5 170/212,5 58/72,5
10 KV/VW — 52/65,0 74/92,5

Note: 1 90 mm diameter of bending mandrel

TABLE 6
Results of hardness tests for electron beam welded joints, HV10, S960QL steel

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Line A 346 345 344 434 441 447 440 426 434 436 438 445 344 343 343
Line B 343 340 344 432 455 466 434 429 436 465 452 470 342 342 342

Fig. 6. Macrostructure of the Weldox 1300 steel EBW joint 
Fig. 5. The microstructure of Weldox 1300 steel in the as-received 
condition, 513 HV10








