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A B S T R A C T 

The microstructure formed and the heat input that were obtained in the work piece during welding and the variation of 

the temperature at which the material is found during operation will determine the impact toughness. When joining by 

means of laser beam welding, the formation of martensite was found due to the high cooling rates. In impact tests, a 

variation of the fracture toughness between 21 J and 37 J at room temperature was obtained and at temperatures of -40 ° 

C a variation between 11 J and 16 J was found. The type of fracture found was a brittle fracture and a ductile-brittle 

combination. The specimen with lower heat input had lower impact toughness. 

Keywords: Microstructures, impact toughness, heat input.  

R E S U M E N 

La microestructura formada y el calor de entrada que se obtuvieron en la pieza de trabajo durante la soldadura y la 

variación de la temperatura a la que se encuentra el material durante el funcionamiento van a determinar la resistencia 

a la fractura. Al realizar la unión por medio de soldadura por haz láser, se encontró la formación de martensita debido a 

las altas velocidades de enfriamiento. En los ensayos de impacto, se obtuvo una variación de la resistencia a la fractura 

entre 21 J y 37 J a temperatura ambiente y a temperaturas de -40 ° C se encontró una variación entre 11 J y 16 J. El tipo 

de la fractura encontrado fue fractura frágil y una combinación entre dúctil-frágil. La probeta con menor entrada de 

calor tuvo una menor resistencia a la fractura. 

Palabras clave: Microestructuras, resistencia a la fractura, entrada de calor 

 

 

1. Introduction 

HSLA (high strength low alloy) steels have micro-alloyed 

elements such as V, Nb, and Ti; that allows the material to 

be laminated obtaining a grain refining on material 

microstructure giving an increase in the mechanical 

properties of steel [1-5]. The mechanical properties such as 

impact toughness in steels are related with temperature at 

which the component is subject during its service, this is due 

to the fact that the material can undergo a ductile-fragile 

transition between room temperature and -46 ° C [6,7]. 

The variation in impact toughness in HSLA steels is 

affected by different arc welding parameters during the 

joining of the material, Dayong L. et al [8,9]; evaluated the 

impact toughness at -50 ° C in a welded joint by GMAW, 

varying concentrations from 0 % to 8 % of N2 as protection 

gas. The impact toughness at 8 % of N2 was 132 J in fusion 

line and 0% of N2 was 92 J. Increased in fracture toughness 

was due to the fact that nitrogen decreases grain size, 

therefore, promote an austenitic microstructure due to 

increasing in the cooling rate. In addition, Z. Wang et al 

[10]; evaluated impact toughness at -40 ° C and -60 °C at 

welded joint by SAW process varying Ni content. The 

impact toughness at -40 ° C was found that, with 1.45 % by 

weight Ni, it resulted in 168 J, while at 0.39 % by weight Ni 

was 118 J. For temperature at -60 ° C, with 1.45 % by weight 

of Ni was 142 J and for 0.39 % by weight of Ni it decreased 

to 104 J. The Authors conclude that the increase in impact 

tougness is due to the fact that Ni favours the formation of 

acicular ferrite and, as well as low content of Ni, martensite 

and retained austenite were found. 

In order to obtain a comparison with mechanical testing 

results, the material testing laboratory performs 

fractographic examinations with the support of equipment as 

Scanning Electron Microscope (SEM) secondary electrons 

and optical microscope. Rishi P. et al [11]; performed 

fractographic analysis through SEM and optical microscope 

in joints that were weld with SMAW, SAW, FCAW and A-

GTAW processes evaluating its fracture toughness by 

impact testing at room temperature and -60°C. 

The impact toughness at room temperature was 

maintained between 150 and 200 J, for -60 ° C, impact 
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toughness was maintained between 30 and 74 J, only with 

the A-GTAW process fracture toughness decreased to 10 J. 

The fractographic results showed a higher percentage of 

polygonal ferrite at grain boundary, acicular dispersed 

ferrite, higher oxygen content and coarse grains in joining 

area that was welded by A-GTAW, resulting in a decrease 

in impact resistance at -60 ° C. 

Lan et al [12]; carried out fractographic analyses in 

welded joints with SAW process, varying the heat input to 

1.43, 2.4 and 4.5 kJ / mm. and carried out impact tests at -20 

° C and -60 ° C. The impact toughness was maintained over 

124 J in the weld bead, in which more acicular ferrite 

microstructure was observed as heat input increased. 

Fractographic analyses showed a decrease in impact 

toughness, where was observed a bainitic and martensitic 

microstructure. In the analysis by SEM a ductile fracture 

mode was observed. 

The purpose of this work is to present the impact 

toughness in laser beam welded joint in HSLA-80 steel, 

subjected to room temperature and -40 ° C during impact 

tests, relating the results obtained with SEM analysis and 

optical microscopy, in order to observe the type of fracture 

that it had and the microstructure obtained from each 

specimen. 

2. Experimental procedure 

For the analysis, a HSLA-550 steel with dimensions of 40 x 

100 x 8 mm was used, it was analyzed by optical emission 

spectrometry to determine chemical composition of the base 

material, table 1 shows the chemical composition of base 

metal. The coupons were welded using a 10 kW TRUMPF 

disc laser with butt joint, Fig. 1. 

 

The laser powers used were 7 kW, 8 kW and 8.5 kW at a 

welding speed of 14 mm / second. The experimentation was 

carried out by welding on flat position (1G). A mixture of 

shielding gas of 98 % Ar and 2 % CO2 was used with a 

pressure of 413,685 Pa. The diameter of focal point and laser 

beam angle were 0.6 mm and 25 °, respectively. 

Table 1 Chemical composition of HSLA-80 steel, wt %. 

Fe C V Nb Ti Si Mn Al 

98.2 0.119 0.0035 0.0055 0.0447 0.255 1.13 0.049 

The heat input for laser beam welding process was 

determined with equation 1, mentioned by A. Unt. [13]

t

L
laser

v

P
Q                                                                        (1) 

Where Qlaser is the heat input (kJ / mm), PL is the power 

used by the laser beam (kW) and vt is the welding speed (mm 

/ s).  

A microstructural analysis of the welded joints was 

performed using an optical microscope. Samples were 

roughened with abrasive paper, silicon carbide with a lower 

number of grains per square inch to greater number grains 

per square inch, then polished with diamond paste with a 

size of 5 microns and etching with a concentration of nitric 

acid at 5% for 6 seconds to reveal the grain limit, and 

observe the microstructure formed during solidification. 

Finally, the samples were analyzed under optical 

microscope, Nikon Eclipse MA200 at 200 magnifications. 

Images of heat affected zone (HAZ) and fusion zone (FZ) 

were taken to observe microstructures formed. 

A profile of hardness was obtained using an equipment 

Tukon 2500 automatic table durometer. A linear trajectory 

was used by the indenter and it was applied a 500 grams load 

for 10 seconds, using a square base pyramidal diamond point 

and with an angle of 136 ° in the face. 

 The impact tests of the welded specimens, Fig. 2, were 

carry out with ASTM Standard E23-16b [14]. Four coupons 

of the three different powers and four of the base material 

were cut, giving a total of sixteen coupons. Two coupons of 

each potency and two of the base material, were submit to 

impact tests at room temperature and the remaining were 

subjected to -40 ° C. 

 

 The samples were machined so that each specimen was 

within tolerances of ± 0.75 mm, then them were made 

notches in V. In fig. 3,  dimensions of the specimen is shown 

after machining. The impact tests were performed on a 

Figure 1 - 10 kW TRUMPF disc laser 

Figure 2 - Dimensions of test piece for impact tests 
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TINIUS-OLSEN machine with a capacity of 543.57 J. In the 

table 2, is shown the specifications of impact machine 

obtained by the maker. 

Notch length was located at the edge in the welding zone; 

this to know the impact resistance and the relationship it has 

with the microstructure that formed during solidification. 

Table 2 Specifications of impact testing machine [15]. 

SPECIFICATIONS IT 543 

Pendulum capacity (J) 543 

Drop height (m) 1.5 

Pendulum weight (kg) 36 

Impact velocity (m/s) 5.5 

Dimensions* (WxDxH) (mm) 2108 x 508 x 1854 

Weight (kg) 785 

 

After carrying out the mechanical impact test, a 

macroscopic analysis was performed to observe fracture 

morphology of each specimen, taking only one side of each 

fractured specimen. To observe the type of fracture, a 

TESCAN MIRA 3 was used, and a magnification of 1000 x 

was used to determine type of fracture that was presented in 

impact test. 

3. Results and Discussion 

The heat inputs that were obtained are shown in Table 3, in 

which there is a variation of the heat input of 71.4 J / mm 

between 7 kW and 8 kW; for 8 kW and 8.5 kW, the variation 

was 35.74 J / mm, less than 7 kW to 8 kW and finally a 

variation of 107.14 J / mm between 7 kW and 8.5 kW was 

obtained. 

Table 3 - Variation of heat inputs. 

Power ( k W ) Heat input ( J / mm ) 

7 500 

8 571.4 

8.5 607.14 

 

The results shown in the optical analyses, show in Fig. 4-

6, represented by letter (a), the fusion zone, where presence 

of martensite in form of lath (LM) was observed, and as the 

heat input increases the percentage of martensite decreases, 

ferrite witmanstätten was also observed where a lower heat 

input was used. The formation of martensite is due to the 

presence of carbon, and the increase in the cooling rate 

during solidification by the laser beam welding process. 

Since martensite produces a high density of dislocations due 

to invariant deformation, martensite increases the hardness 

of bond by tenacity modification [16,17]. In HAZ, shown in 

the same Fig., but with the letters (b) and (c), presence of 

LM, polygonal ferrite (PF) and acicular ferrite (AF) was 

observed. These types of ferrites are formed in the HAZ, but 

also the acicular ferrite can nucleate from the non-metallic 

inclusions. As the heat input increases, the formation of 

acicular ferrite increases, as mentioned by Lan et al [18]. In 

Fig. 5, where 8 kW of power was used, the presence of non-

metallic inclusions was found in the HAZ. 

  

 

Figure 3 - Dimensions adjusted for impact tests, (a); thickness, (b); 

width and (c); length. 

Figure 4 - Microstructure of samples subjected to 7 kW, (a); FZ (b); 

HAZ 1 and (c); HAZ 2 

Figure 5 - Microstructure of samples subjected to 8 kW, (a); FZ (b); 

HAZ 1 and (c); HAZ 2 
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Comparing microhardness with the microstructures, 

shown in Fig. 7 (a), in the HAZ zones and part of FZ a 

promedium microhardness is over 500 HV in (a) - (c), 

confirming the presence of martensite in the microstructure. 

In Fig. 7 (c), there is a decrease in microhardness in both the 

HAZ and the weld metal, where there is greater heat input 

during welding. 

 

 In Fig. 8 (a), the smallest area of the weld area was 

obtained which had an heat input of 500 J / mm, while Fig. 

8 (b) has an increase in area due to the increase in heat input, 

and in Fig. 8 (c) it has the largest area and the highest heat 

input. The increase in areas is due to the fact that higher heat 

input, area of the welded joint and the area of the HAZ are 

obtenined. It can also be observed that in bottom part of Fig. 

8 (c) excess material was observed, this may be because the 

surface tension was broken by the greater heat input. 

An average was calculated for each condition and the 

standard deviation for quantify the amount of dispersion of 

impact toughness results. The results of the impact 

toughness are shown in Fig. 9, where impact toughness 

average at -40 ° C with power of 8.5 kW used during 

welding was 17.23 J, followed by 13.57 J for 8 kW, and for 

8 kW, it was 11,63 J. Therefore, to greater power the higher 

impact toughness is obtained. For the base metal at -40 ° C, 

there was a decrease in tenacity with a difference of 4.61 J 

comparing with 8.5 kW piece. 

For room temperature, only a variation of 16.12 J of 7 kW 

and 8.5 kW was found and, for 8 kW, there was a variation 

of 11.25 J regarding with power of 8 kW and 8.5 kW. The 

highest percentages occurred at room temperature. 

However, the fracture toughness under the two conditions 

during the impact test increased as the heat input increased. 

For the base metal the impact toughness decreased with the 

decrease in temperature, as expected. 

 

The results shown in the fracture at room temperature are 

fragile-ductile type, as shown in fig. 10 (a) - (d), which are 

in base metal (a) and the different powers that were used 

during welding (c-d). Facet fracture (cleavage) is associated 

with fragile fracture predominates. It can be seen small 

islands of dimples (Dimples) in the four conditions to which 

the material was subjected. 

Figure 6 - Microstructure of samples subjected to 8.5 kW, (a); FZ 

(b); HAZ 1 and (c); HAZ 2 

Figure 9 - Charpy impact energy results 

Figure 7 - Microhardness (HV) in welds with (a); 7 kW; (b); 8kW and 

(c); 8.5 kW of power 

Figure 8 - Total welding area, (a) 500 J / mm; (b) 571.4 J / mm and 

(c) 607.14 J / mm 
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     In Fig. 11 (a) and (d), the fracture mode was presented in 

a fragile way, unlike (b) and (c), where the fracture mode 

was ductile due to the dimples observed, although the mode 

of ductile fracture observed in (b), presented lower impact 

toughness, attributable to the type of microstructure it has, 

as shown in Fig. 4. The type of failure can be considered to 

be a fracture ductile-brittle as mentioned by K. Singh et al 

[17]; when is evaluating an HSLA steel subjected to 

temperatures below room temperature. 

 

4. Conclusion 

1. The greatest impact resistance at room temperature and -

40 ° C occurred in the test pieces that had a higher heat 

input., where there was a PF and AF microstructure formed 

during solidification, as well as a decrease in the presence of 

LM in the microstructure. 

2. The formation of ML, created a higher hardness profile in 

joints welded at 7 kW, giving hardness greater than 500 HV, 

giving less fracture resistance decrease during charpy 

impact tests in the tests performed. 

2. The maximum impact resistance was at a power of 8.5 

kW, at room temperature, which had a difference of 44 % in 

respect to welding of 8.5 kW but at -40 ° C, which was also 

the highest that temperature. 

3.The cleavege fracture, result in the impact tests of the 

different powers and the base material, shows results due to 

the results obtained in the literature on HSLA steels welded 

by different processes. 
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