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Abstract 

This work presents the comparative results of twin-spot laser welding of complex phase and transformation 
induced plasticity steels. Both steels include Nb and Ti microalloyed elements. Tests of dual beam laser 
welding were carried out using keyhole welding. The sheets were welded with two different power beam 
distributions in order to determine the effect of simulated thermal cycles on microstructure and hardness 
profiles. The power distributions between the beams were 50:50 and 70:30 %. The microstructural constituents 
in the fusion zone, heat affected zone and base metal were identified using light microscopy and scanning 
electron microscopy. It was found that the change of beam distribution affects morphological details of the 
martensite and hardness. 
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1. INTRODUCTION   

One of the main problems in case of laser welding of high strength steels is softening phenomenon that occurs 
in welds [1, 2]. The group of high strength steels includes the AHSS (Advanced High Strength Steel), which 
are multiphase steels containing martensite, bainite, ferrite and retained austenite in their microstructure [3-7]. 
The AHSS are manufactured using relatively complicated heat treatments allowing creation of multiphase 
microstructures [8-11]. Grajcar et al. [8] investigated the influence of laser welding of Transformation Induced 
Plasticity steels on their microstructure and hardness. They suggested that using twin-spot laser welding may 
reduce the hardness of welded material. Because of Nb and Ti micro-additions in chemical composition of 
analyzed steels, the precipitation kinetics in welding processes needs to be taken into consideration [12-15]. 
Recently, Grajcar el al. [8] analyzed the effect of laser welding on the microstructure and hardness profiles of 
Nb-microalloyed TRIP steel.  

Because AHSS exhibit high hardness of laser welds, the dual beam laser welding can be used. Double beam 
welding should decrease the dynamics of thermal cycles, reducing the cooling rate of welded material. The 
reduction of cooling rate can be attained because of the addition of thermal energy to the material by a second 
beam. The twin-spot laser welding allows us to re-melt the welded material, eventually to use the second beam 
for heat treatment after welding. The decrease in a cooling rate increases the time of thermal exposition on a 
microstructure of welded material. Thus, there is time for diffusional processes which may occure leading to 
beneficial decrease in hardness of welds. 

2.  EXPERIMENTAL PROCEDURE   

To determine the effect of different thermal cycles on microstructure and hardness, two steels were joined 
using twin-spot laser welding. The first one was industrially hot-rolled and controlled cooled CPW800 steel. 
The sheet of dimensions 150 x 300 mm and 2.5 mm in thickness was prepared for laser welding. The second 
material was thermomechanically rolled TRIP steel with controlled cooling directly from final rolling 
temperature. To ensure the stabilization of retained austenite the steel was isothermally held at 350 °C for 600 
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s. In this steel the Si content was decreased because of its negative influence on hot-dip galvanizing. Instead 
the steel contains increased Al addition, which prevents precipitation of carbides (similarly to silicon). The sheet 
of 100 mm width and 2 mm in thickness was prepared. Both steels include Nb and Ti micro-additions in their 
chemical composition. Microalloying elements were added to prevent grain growth by the formation of 
dispersive carbonitrides. The chemical composition and carbon equivalent calculated based on the equation 
(1) for both steels are shown in Table 1.     
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Table 1 Chemical composition of CP and TRIP steels (wt. %)  

 C Mn Si Cr S P Nb Ti N Al Mo Ceq 

CP 0.08 1.72 0.56 0.34 0.003 0.010 0.005 0.125 0.002 0.29 0.016 0.46 

TRIP 0.24 1.55 0.87 - 0.004 0.010 0.034 0.023 0.0028 0.40 - 0.54 

The second beam is created using special optical lens by putting them into a beam path. These optical lens 
allow us to change the distance and the power distribution between both beams. The distance is changed by 
manipulating the angle of lens, while the power distribution is changed by changing the position of lens in a 
beam path. In both steels the beams were set in a tandem mode and the distance between beams was set to 
4 mm. Table 2 shows parameters of laser welding for both steels.        

Table 2 Welding parameters 

 CP TRIP 

Sample 1 2 3 4 

Maximum beam power, kW 6 6 4 4 

Power distribution, % 50:50 70:30 50:50 70:30 

Welding speed, m / s 5.5 5.5 4 4 

Linear energy, kJ / mm 0.065 0.065 0.060 0.060 

3.  RESULTS  

The microstructure of base metal in case of CP steel is composed of fine-grained ferritic-bainitic matrix with 
martensitic-austenitic islands of various size (Figure 1a). In case of TRIP steel, its microstructure is composed 
of fine-grained ferritic matrix including bainitic-austenitic islands, martensite and some fraction of retained 
austenite (Figure 1b).  

 

Figure 1 Microstructure of base metal in case of: a) CP steel, b) TRIP steel  
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The SEM microstructures of fusion zones for CP and TRIP steels welded with different parameters are 
presented in Figure 2. Figures 2a and 2b show the microstructures of CP steel welded with 50:50 and 70:30 % 
power distribution, while Figures 2c and 2d present in similar way the microstructure of the fusion zone of 
TRIP steel. 

The microstructure of fusion zone for both steels presented in Figure 2 is composed of lath martensite, 
martensitic-austenitic (MA) islands and small fraction of retained austenite (RA). Comparing the 
microstructures presented in Figures 2a and 2c it can be seen that the TRIP steel has more developed 
morphology of fusion zone compared to the CP steel. The reason for that can be higher carbon equivalent of 
TRIP steel that increases the vulnerability for martensite creation. The martensite morphology must be also 
taken into account, which shows defragmentation of the martensite. The defragmentation of martensite is 
characteristic for tempered martensite, so it can be possible that the presence of second beam leads to 
tempering-like processes after welding. In case of higher power difference (Figures 2b and 2d) the diffusion-
like controlled defragmentation of martensite can proceed. The retained austenite in CP steel is present in 
form of small grains randomly distributed in the microstructure. In case of TRIP steel the retained austenite 
can be identified in form of thin films between martensite laths.    

 

Figure 2 SEM microstructures of fusion zone for different power distribution: (a, b) CP steel with 50:50 and 
70:30 % power distribution, (c, d) TRIP steel with 50:50 and 70:30 % power distribution 

Figure 3 presents the microstructures of heat affected zones (HAZ) of CP and TRIP steels subjected to 
different thermal cycles of welding. Figures 3a and 3b show the microstructure of HAZ of CP steel welded 
with 50:50 and 70:30 % power distributions. Figures 3c and 3d present microstructures of HAZ of TRIP steel 
welded with analogical parameters. The microstructure of both steels is composed of fine-grained mixture of 
martensite, bainite, and some fraction of retained austenite. The main difference between CP and TRIP steel 
is the morphology of the microstructure. The morphology of CP steel is more blocky, when in case of TRIP 
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steel the morphology is mostly lath-like. It can be seen that the change of power distribution doesn't influence 
the microstructure of both steels significantly. In both steels the retained austenite was identified in the 
microstructure of the heat affected zone. In CP steel it can be found on edges of blocky martensite in form of 
martensitic-austenitic (MA) constituents and in form of small blocky grains. In case of TRIP steel it takes a form 
of films located between bainite and martensite laths and MA constituents.         

The morphology of martensite in the heat affected zone is defragmented similarly to that observed in the fusion 
zone. This behaviour can be explained by the presence of second beam that decreases the dynamic cycle of 
laser welding. This phenomenon may lead to a beneficial decrease of the hardness of welds when compared 
to conventional laser welding. 

 

Figure 3 SEM microstructures of heat affected zone for different power distributions: (a, b) CP steel with 
50:50 and 70:30 % power distribution, (c, d) TRIP steel with 50:50 and 70:30 % power distribution 

Figure 4 presents the hardness values of fusion and heat affected zone for CP and TRIP steels, welded with 
50:50 and 70:30 % power distribution. It can be seen that the hardness of CP steel is lower compared to the 
TRIP steel independently on a power distribution. In case of CP steel the hardness of fusion zone is lower 
compared to the heat affected zone. The maximum value of hardness in FZ is 363 HV1 in case of 50:50 % 
power distribution. The change of power distribution to 70:30 % leads to a decrease in hardness of this zone 
by 16 HV1. A similar tendency can be seen in HAZ, but the change of hardness is smaller. In case of TRIP 
steel the maximum hardness of FZ is 450 HV1 for 50:50 % power distribution and decreases to 418 HV1 for 
70:30 %. The hardness of HAZ decreases with the increasing power of the first beam. The change of hardness 
is bigger in comparison to the HAZ of CP steel. The higher hardness value of TRIP steel is due to its higher 
carbon equivalent compared to the CP steel.            
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Figure 4 The hardness values of FZ and HAZ for CP and TRIP steels welded with 50:50 and 70:30 % power 
distribution 

4.  CONCLUSION  

The use of twin-spot laser welding influences the microstructure and hardness of both steels. The presence of 
second beam increases the heat input into a material leading to a decrease in a cooling rate. The slower 
cooling stimulates tempering-like processes both in fusion and heat affected zones. The main difference in 
terms of the microstructure between complex phase and TRIP steels is the martensite morphology. The CP 
steel has more blocky morphology whereas the higher hardenability of TRIP steel results in its lath-like 
morphology. Tempering-like processes decrease the hardness of welds compared to single spot laser welding. 
The power distribution has an impact on properties of laser welds. In both cases the increase of the power of 
the first beam leads to a decrease in hardness of fusion and heat affected zones. In case of TRIP steel the 
change of hardness is much higher. Because of higher carbon equivalent of TRIP steel its hardness is higher 
compared to the CP steel. The highest hardness of HAZ (app. 500 HV1) shows the TRIP steel whereas the 
CP steel has a maximum hardness in its fusion zone. This different behaviour requires further investigations. 
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