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Abstract. The paper considers the regularities of changes in the 
microhardness of carbon steels during gas-laser cutting. Quantitative 
numerical estimates of the extent of the gas-laser thermal influence zone 
are made. It is shown that according to the data of durometric analysis, the 
length of the zone of gas-laser thermal influence reaches 2200 microns. 

1 Introduction 
At present, the industry widely uses the processes of gas laser cutting (GLC) of metal 
sheets made of carbon steels for various purposes. At the same time, one of the urgent tasks 
of modern metallurgy is the problem of studying the structure and properties of metal alloys 
when exposed to laser radiation. Therefore, identifying the features of changes in the 
structure and properties of carbon steels during gas-laser cutting allows us to establish the 
patterns of behavior of metal alloys in extreme conditions and to develop on this basis new 
resource-saving processing methods. During gas-laser cutting, high-speed heating and 
cooling of the metal occurs in the surface layers of the cut, as a result of which a zone of 
gas-laser thermal influence (ZGLTI) is formed. Laser cutting is characterized by a local 
energetic effect on the material, a high processing speed and a good quality of the resulting 
surface, as a result of which the ZGLTI with a modified structure has a certain thickness. 

2 Materials and methods 
To determine the length of the ZGLTI (L), metallographic studies were used, durometric 
analysis and microhardness measurements were carried out on both sides of the sample 
from the surface of the gas-laser cut into the depth of the samples in direction 1 (see Fig. 1) 
[1]. 
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Fig. 1. Schematic representation of the sample and the place of microhardness measurement on the 
sample (1) 

3 Experimental results and discations 
An analysis of the results obtained [1, 2] on the change in the microhardness of the surfaces 
of the gas-laser thermal influence zones showed that the nature of the change in the 
microhardness for all samples of the studied steels is similar: the highest values are 
determined near the cut surface, then HV gradually decreases until reaching the value 
characteristic of the initial state. On some samples, a repeated increase in microhardness 
was revealed. The obtained values of L are shown in the table 1. 

 
Table 1. Length of zones of gas-laser thermal influence of steels [2] 

Material Thickness, 
mm Power W, Speed V, 

mm / min 

Length of the zone of gas-laser 
thermal influence L, mm 

From the 
side of 
zone 1 

From the 
side of 
zone 2 

Average 
of two 
zones 

Steel 20 6 

890 1200 1,4 2,0 1,7 
890 1000 1,8 2,0 1,6 
990 1200 1,9 1,2 1,55 

1090 1400 2,0 2,0 2,0 

Steel 35 6 

1100 1200 2,0 2,4 2,2 
900 1200 2,0 2,0 2,0 

1100 1200 2,0 2,0 2,0 
1100 1200 1,4 2,0 1,7 

Steel 45 8 

900 800 1,2 2,4 1,8 
1000 900 2,2 2,6 2,4 
900 850 2,0 2,2 2,1 
800 1000 1,8 2,2 2,0 
900 1000 2,0 2,2 2,1 

Steel 45 10 
1100 1000 2,0 2,6 2,3 
900 1000 2,0 2,6 2,3 
900 800 1,2 1,8 2,0 

Steel U7 10 
800 800 2,0 2,4 2,2 
750 700 2,4 2,6 2,5 

Steel U8А 10 
1400 1000 2,4 1,6 2,0 
1200 700 1,6 2,4 2,0 
1200 700 2,0 2,4 2,2 

2



MATEC Web of Conferences 344, 01020 (2021)
MPM 2021

https://doi.org/10.1051/matecconf/202134401020

From the data given in the table, it is possible to draw ambiguous conclusions that for 
each steel the dependence of the length of the ZGLTI on the parameters of the GLC is 
different. So, for example, for steel grade 20, the length of the ZGLTI from the side of the 
sample adjacent to the laser exposure zone increases, and from the side of the sample 
adjacent to the zone of gas removal of the melt, it practically does not change, depending 
on the GLC modes. No dependences of the length of the ZGLTI on the parameters of the 
GLC have been revealed for steel grade 35. For grade 45 steel with a sample thickness of 8 
mm, the length of the ZGLTI from the side of the zone of gas removal of the melt increases 
with increasing power. With an increase in speed, the length of the ZGLTI from the sides of 
both zones increases. For steel grade 45 with a sample thickness of 10 mm, with an increase 
in the speed and power, the length of the ZGLTI on the surfaces from the side of the laser 
action zone increases. For steel grade U7, with an increase in power and speed, the length 
of the ZGLTI on the surfaces adjacent to both zones decreases. For steel grade U8A, with 
an increase in speed and power, the length of the ZGLTI from the side of gas removal of 
the melt decreases [2-5]. 

4 Conclusion 
An analysis of the results of experimental studies showed that the nature of the change in 
microhardness for all samples of the studied steels is the same: the highest values are 
achieved near the surface of the gas-laser cut and are, for example, for steel 20 - 350 HV, 
and for steel U8A - 540 HV, which is more than 2.5 ... 2.7 times the initial microhardness 
of these steels, after which HV gradually decreases. The performed quantitative numerical 
estimates of the length of the gas-laser thermal influence zone made it possible to establish 
that the length of the gas-laser thermal influence zone reaches 2200 microns [2, 3]. 
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